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Background: Subclinical left ventricular diastolic dysfunction (LVDD) is an emerging consequence of increased insulin resis-
tance, and dyslipidemia is one of the few correctable risk factors of LVDD. This study evaluated the role of mean and visit-to-visit
variability of lipid measurements in risk of LVDD in a healthy population.

Methods: This was a 3.7-year (interquartile range, 2.1 to 4.9) longitudinal cohort study including 2,817 adults (median age 55
years) with left ventricular ejection fraction >50% who underwent an annual or biannual health screening between January 2008
and July 2016. The mean, standard deviation (SD), coefficient of variation (CV), variability independent of the mean (VIM), and
average real variability of total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), apolipoprotein B (apoB), non-HDL-C, and triglycerides were obtained from three to six measurements during the 5
years preceding the first echocardiogram.

Results: Among the 2,817 patients, 560 (19.9%) developed LVDD. The mean of no component of lipid measurements was associ-
ated with risk of LVDD. CV (hazard ratio [HR], 1.35; 95% confidence interval [CI], 1.10 to 1.67), SD (HR, 1.27; 95% CI, 1.03 to
1.57), and VIM (HR, 1.26; 95% CI, 1.03 to 1.55) of LDL-C and all the variability parameters of apoB were significantly associated
with development of LVDD. The association between CV-LDL and risk of LVDD did not have significant interaction with sex, in-
creasing/decreasing trend at baseline, or use of stain and/or lipid-modifying agents.

Conclusion: The variability of LDL-C and apoB, rather than their mean, was associated with risk for LVDD.
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INTRODUCTION and studies have reported that the variability of lipid measure-

ments is related to atherosclerotic cardiovascular risk [1-3]. In
It is well known that elevated low-density lipoprotein choles-  addition, in patients with advanced coronary artery disease or
terol (LDL-C) increases atherosclerotic cardiovascular risk, = myocardial infarction at baseline, variability of lipid measure-
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ments such as LDL-C, high-density lipoprotein cholesterol
(HDL-CQ), triglycerides (TG), and non-HDL-C are associated
with major adverse cardiovascular events and/or hospitaliza-
tion for heart failure [4-6].

Despite the robust evidence on the association between visit-
to-visit variability in lipid measurements and adverse cardiovas-
cular outcomes in those with established atherosclerotic cardio-
vascular disease (ASCVD) at baseline, the impact of lipid vari-
ability on the risk of incident heart failure is less clear, especially
in those without established ASCVD at baseline. Although a
few studies have reported that increased baseline level of non-
HDL-C, decreased level of HDL-C, ratio of apolipoprotein B
(apoB) to apolipoprotein (apoA), and variability of total choles-
terol (T'C) were associated with a clinical diagnosis of heart fail-
ure [7-9], it has not been determined which components of
these lipid measurements best describe the risk of incident heart
failure. Therefore, it is unclear how to interpret the various lipid
measurements in terms of risk of heart failure, even though dys-
lipidemia is one of its few correctable risk factors.

Subclinical left ventricular diastolic dysfunction (LVDD), an
emerging metabolic consequence of increased insulin resis-
tance, is one of the most important structural risk factors for
heart failure with preserved ejection fraction (HFpEF) [10,11].
Early detection of LVDD and control of its associated risk fac-
tors are important for preventing and slowing the progression
of HFpEE However, no longitudinal cohort study specifically
examined the variability of each component in lipid measure-
ments and risk of incident LVDD in the general population.

The purpose of this longitudinal retrospective cohort study
was to evaluate whether the mean and visit-to-visit variability
of each component in lipid measurements is associated inde-
pendently with increased risk of LVDD and to determine the
relative contribution of each component to this association us-
ing serial echocardiography in a healthy population.

METHODS

Study population

This was a longitudinal retrospective cohort study that includ-
ed subjects 20 years or older who underwent comprehensive
health examinations including echocardiography between Jan-
uary 2008 and July 2016, at the Health Promotion Center at
Samsung Medical Center (SMC, Seoul, Republic of Korea).
The study population consisted of employees of various orga-
nizations and companies and subjects who voluntarily took
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part in annual or biennial comprehensive health screening ex-
aminations at the center. Of 9,809 patients who had two or
more echocardiograms, those with fewer than three lipid mea-
surements during the 5 years preceding the first echocardio-
gram and those who had missing data were excluded from the
analyses (n=5,801). We also excluded subjects with indicators
of early diastolic dysfunction that met the criteria of the pri-
mary endpoint, moderate to severe heart valve disease, and left
ventricular ejection fraction (LVEF) less than 50% on the first
echocardiogram (n=852). Subjects with a clinical diagnosis of
heart failure, a history of ischemic heart disease, cardiomyopa-
thy, valvulopathy, and chronic atrial fibrillation at baseline
were excluded (n=144). We also excluded subjects with esti-
mated glomerular filtration rate less than 60 mL/min/1.73 m*
at the time of the first echocardiography (n=38), as calculated
by the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula, and those with any history of cancer (n=
157). A total of 2,817 subjects was included in the final study
population (Fig. 1). The study protocol was approved by the
Institutional Review Board (IRB) of SMC (no. 2020-06-076),
and the informed consent requirement was waived by the IRB
because the study information was de-identified. The protocol
for the study was in accordance with the guidelines of the Dec-
laration of Helsinki.

Clinical variables, biochemical measurements, and
definitions

Medical history, smoking status, alcohol status, exercise status,
medication, anthropometric data, and laboratory data were
collected during routine health examinations. Subjects com-
pleted self-administered questionnaires that covered their pri-
or medical history, prescribed medications, smoking, and exer-
cise history. Smoking status was categorized as never, past
smoker, or current smoker. Exercise status was assessed as
none or regular exercise (23 days/week). Body mass index
(BMI) was calculated as body weight divided by height squared
(kg/m’). Blood pressure was measured using a mercury sphyg-
momanometer after at least 5 minutes of rest in a sitting posi-
tion. Blood samples were collected after a 12-hour overnight
fast. Plasma TC, TG, HDL-C, and LDL-C were measured using
a Modular D2400 analyzer (Roche Diagnostics, Basel, Switzer-
land). ApoB level was measured by the immunoturbidimetric
method using a Roche/Hitachi Modular P analyzer (Roche Di-
agnostics). Non-HDL-C was calculated by subtracting HDL-C
from TC. Fasting plasma glucose (FPG) and insulin levels were
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Two or more echocardiography
during the study period
(n=9,809)

Excluded

« Left ventricular ejection fraction less than 50%, moderate to
severe valvular heart disease, or indicators of diastolic dysfunction
at baseline (n=852)

« Less than three times of lipid profile within 5 years before the first
echocardiography and missing data (n=5,801)

« History of ischemic heart diseases, cardiomyopathy, chronic atrial
fibrillation (n=144)

« CKD stage 4 or 5 (n=38)

o Any cancer (n=157)

4

Included in the analyses
(n=2,817)

Fig. 1. Patient selection. CKD, chronic kidney disease.

measured using the hexokinase method with Bayer Reagent
Packs on an automated chemistry analyzer (Advia 1650 Auto-
analyzer, Bayer Diagnostics, Leverkusen, Germany) and an
immunoradiometric assay (DIAsource Co., Louvain-la-Neuve,
Belgium), respectively. The N-terminal fragment of pro-brain
natriuretic peptide was determined using an Elecsys proBNP
reagent kit and an Elecsys 2010 chemistry analyzer (Roche Di-
agnostics, Indianapolis, IN, USA). Glycosylated hemoglobin
(HbAIc) level was determined by high-performance liquid
chromatography on an HLC-723G8 automated glycohemoglo-
bin analyzer (TOSOH, Yokkaichi, Japan). Hypertension was
defined as blood pressure >140/90 mm Hg or use of antihy-
pertensive medication [12]. Diabetes mellitus (DM) was de-
fined as FPG of 126 mg/dL or greater, HbAlc of 6.5% or great-
er, or current use of diabetes medication [13].

Definition and measurement of lipid variability

The mean, standard deviation (SD), coefficient of variation
(CV), variability independent of the mean (VIM), and average
real variability (ARV) of each lipid parameter were calculated
from three to six consecutive measurements of LDL-C, TC,
HDL-C, TG, and non-HDL-C during the 5 years preceding
the first echocardiogram (three measurements, n=1,183; four
measurements, n=679; five measurements, n="752; six mea-
surements, #=203). Only the measurements during the 5 years
preceding the first echocardiogram, but not those during the
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follow-up period, were included in the calculation of variabili-
ty parameters. CV was defined as SD divided by the mean
x 100, as described previously [14,15], VIM was calculated as
SD divided by mean to the power y (SD/mean*), where y is
derived from curve fitting via nonlinear regression analysis as
implemented in the PROC NLIN procedure of the SAS pack-
age (SAS Institute Inc., Cary, NC, USA). ARV was the average
of the absolute differences between consecutive values and was
calculated using the following formula, where N denotes the
number of measurements of the lipid profile [1].

ARV = N_il g;}lValueKﬂ—ValueKl

For 1,061 of 2,817 subjects in whom three or more apoB
measurements during the 5 years preceding the first echocar-
diogram were available (three measurements, n=582; four
measurements, n=147; five measurements, n=224; six mea-
surements, n=108), the mean, SD, CV, VIM, and ARV of apoB
level were calculated in the same manner as in other lipid mea-
surements. Only the measurements during the 5 years preced-
ing the first echocardiogram, but not during the follow-up pe-
riod, were included in the calculation of variability parameters.

Echocardiographic data, definition of LVDD, and E/¢’
change

Standard two-dimensional transthoracic echocardiography
and Doppler echocardiography using multiple windows were
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conducted as part of a health promotion program using com-
mercially available equipment (Vivid7, GE Medical Systems,
Horten, Norway; and SC2000, Siemens Medical Solution,
Mountain View, CA, USA). Image acquisition and measure-
ments were performed according to the 2003 American Soci-
ety of Echocardiography (ASE) guidelines and 2009 European
Association of Echocardiography/ASE guidelines [16]. Echo-
cardiographic parameters of LVEFE, left atrial volume index
(LAVI), left ventricular mass index (LVMI), transmitral early
diastolic velocity (E), and mitral annulus early diastolic veloci-
ty (¢) were assessed. LVEF was evaluated using biplane Simp-
son’s rule by way of a manual tracing of digital images.

LVDD was defined as preserved LVEF (>50%) and one or
more of the following findings on screening echocardiography:
(1) E/€ >15; (2) 8<E/€<15 and € <7 cm/sec; or (3) 8<E/€<
15 and left atrial enlargement (LAVI >34 mL/m?) and left ven-
tricular hypertrophy (LVMI >115 g/m” in males, >95 g/m’ in
females) [16,17]. The rate of change in E/€” over time was de-
termined by subtracting baseline E/e’ from E/e’ measured at
the last follow-up, divided by duration of follow-up in months.

Statistical analysis

Subjects were classified into three groups according to tertile of
the mean and variability of each lipid parameter. The Kaplan-
Meier analysis and log-rank test were used to compare survival
between the three groups. The hazard ratio (HR) and 95% con-
fidence interval (CI) for LVDD were calculated by multivari-
able Cox proportional hazard regression analysis. In multivari-
able analyses, a non-adjusted model (model 1); a model ad-
justed for age and sex (model 2); a model further adjusted for
the presence of hypertension and DM, BMI, and mean of lipid
measurements (model 3); and a model further adjusted for E/¢’
and HbA1c (model 4) were constructed. To determine the rel-
ative contributions of CV-HDL-C, CV-LDL-C, and CV-TG to
the significant association in the fully adjusted models, we se-
quentially added the tertile of mean TG, CV-TG, and mean
LDL-C and CV-LDL-C to a multivariable analysis model in-
cluding mean HDL-C, CV-HDL-C, and other covariates.

Two separate subgroup analyses were conducted according
to (1) statin therapy and (2) statin therapy and/or use of any
lipid-modifying agents as identified by self-reported question-
naires. Statin therapy was confirmed by searching the institu-
tional clinical data warehouse (CDW). However, as searching
the institutional CDW is reliable for prescriptions inside the
institution but can miss statin therapy outside the institution,
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we supplemented the analysis by including questionnaire-con-
firmed cases using any lipid-modifying agents. Statin therapy
and use of lipid-modifying agent were defined as one or more
prescriptions or positive responses to the questionnaire during
the same period as used in the determination of the variability
of lipid measurements prior to the first echocardiograph.

Subgroup analyses were conducted according to sex and the
trend of each lipid parameter before study entry. An increasing
or decreasing trend before study entry was determined by be-
ta-estimate of the regression line generated from the consecu-
tive measurements included in the calculation of variability
parameters at baseline [18]. An increasing or decreasing trend
was defined as slope >0 and <0, respectively.

All data are presented as mean +SD for continuous variables
or as number with percentage for categorical ones. All P values
were two-tailed, and P values <0.05 were considered statisti-
cally significant. All statistical analyses were performed using
STATA version 16.0 (StataCorp., College Station, TX, USA)
and SAS version 9.4.

RESULTS

Baseline characteristics and study population

Of the 2,817 participants included in this study, 2,336 were
male and 481 were female. The mean age was 55 years (inter-
quartile range, 50 to 60). Among these participants, 371
(13.2%) had diabetes at baseline. Clinical and echocardio-
graphic characteristics of the study population are summarized
in Table 1. The cut-off values for tertiles of mean, SD, and CV of
lipid measurements are summarized in Supplementary Table 1.

Mean and variability of lipid measurements and risk of
LVDD

Five hundred and sixty subjects (19.9%) developed LVDD dur-
ing a median follow-up of 3.7 years (interquartile range, 2.1 to
4.9), comprising 459 of 2,336 male subjects and 101 of 481 fe-
male subjects (19.6% and 21.0%, respectively). Among the 560
patients who developed LVDD, three had regional wall motion
abnormality consistent with ischemic heart disease in echocar-
diogram, and the remaining 557 patients had no sign of isch-
emic heart disease in echocardiogram.

Among the mean parameters, only the tertile of TG level was
associated with incident LVDD in the unadjusted model and
the age- and sex-adjusted model (Table 2, Fig. 2). However, the
association between tertile of mean TG level and risk of LVDD
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Table 1. Baseline clinical and echocardiographic characteris-
tics of total subjects

Did not develop LV Developed LV
Characteristic diastolic dysfunction diastolic dysfunction P value
(n=2,257) (n=560)
Age, yr 54.16+7.15 58.55+7.88 <0.001
Male sex 1877 (83.2) 459 (82.0) 0.500
Current smoker 497 (24.9) 106 (23.1) 0.713
(n=1,995) (n=458)
Regular exercise 793 (56.7) 203 (60.8) 0.147
(n=1,398) (n=334)
Hypertension 691 (30.6) 268 (47.9) <0.001
DM 259 (11.5) 112 (21.8) <0.001
FPG, mg/mL 97.41+£16.63 102.37+£17.89 <0.001
HbAlc, % 5.63+0.55 5.78+0.58 <0.001
NT-proBNP, pg/mL 29.68+28.47 34.90+35.08 0.116
(n=1,327) (n=296)
hs-CRP, mg/dL 0.12+0.32 0.13+£0.30 0.025
(n=2,240) (n=556)
HOMA-IR 1.86+1.23 2.20+1.50 <0.001
(n=1,597) (n=397)
BMI, kg/m’ 23.83+2.63 24.84+2.64 <0.001
(n=2,255) (n=559)
LDL-C, mg/dL
Mean 122.41+23.66 122.99+24.52 0.611
SD 12.67+8.30 14.09+9.34 0.002
CvV 10.56£7.10 11.75+8.15 0.002
HDL-C, mg/dL
Mean 53.86+13.03 52.41+11.44 0.063
SD 4.49+2.51 4.55+2.49 0.446
Cv 8.37+4.18 8.75+£4.35 0.078
TG, mg/dL
Mean 128.78+63.05 138.29+64.73 <0.001
SD 37.67+24.27 30.79+25.71 0.004
CcvV 20.52+10.32 21.15+10.44 0.197
LVEE % 64.68+5.21 65.98+5.22 <0.001
E/e 7.09+1.62 8.05+1.78 <0.001
E, cm/sec 61.75+14.09 62.31+13.47 0.343
€, cm/sec 8.84+1.62 7.81+1.04 <0.001
LAVL, mL/m? 25.42+5.11 25.84+5.09 0.087
LVMI, g/m’ 81.13+£14.00 84.40+13.44 <0.001

Values are presented as mean +standard deviation or number (%).

LV, left ventricular; DM, diabetes mellitus; FPG, fasting plasma glucose;
HbAIg, glycosylated hemoglobin; NT-proBNP, N-terminal fragment of pro-
brain natriuretic peptide; hs-CRP, high-sensitivity C-reactive protein; HOMA-
IR, homeostasis model assessment of insulin resistance; BMI, body mass in-
dex; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation; CV,
coeflicient of variation; HDL-C, high-density lipoprotein cholesterol; TG, tri-
glyceride; LVEE, left ventricular ejection fraction; E/¢; ratio of early diastolic
transmitral flow velocity to early diastolic mitral annular velocity; LAVI, left
atrial volume index; LVMLI, left ventricular mass index.
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was not significant in the fully adjusted model (Table 2). An
incrementally higher risk of LVDD was observed with higher
CV tertile for LDL-C and TC compared with the lowest tertile
group in the unadjusted model (P for trend; CV-LDL-C 0.002,
CV-HDL-C 0.108, CV-TC 0.009, CV-TG 0.083) (Fig. 2). In the
fully-adjusted model, higher CV-LDL-C, CV-HDL-C, and
CV-TG were associated with elevated risk for LVDD (for ter-
tile 3 vs. tertile 1: CV-LDL-C [HR, 1.35;95% CI, 1.10 to 1.67],
CV-HDL-C [HR, 1.24; 95% CI, 1.01 to 1.52], CV-TG [HR,
1.25; 95% CI, 1.01 to 1.54]) (Table 2). Tertile 2 but not tertile 3
of CV-TC was associated with LVDD (for tertile 2 vs. tertile 1;
HR, 1.28; 95% CI, 1.03 to 1.58) (Table 2).

Because the highest tertiles of CV-TG, CV-HDL-C, and CV-
LDL-C were associated with risk of LVDD, we conducted an
additional multivariable Cox regression analysis including CV-
TG, CV-HDL-C, and CV-LDL-C as covariates. When tertile of
mean TG, CV-TG, and mean LDL-C and CV-LDL-C were
added sequentially to the fully adjusted model including ter-
tiles of mean HDL-C and CV-HDL-C along with other covari-
ates, the association between CV-LDL-C and LVDD remained
significant (for tertile 3 vs. tertile 1 [HR, 1.30, 95% CI, 1.05 to
1.62]; for tertile 2 vs. tertile 1 [HR, 1.26; 95% CI, 1.01 to 1.56])
(Supplementary Table 2).

Although the highest tertiles of SD and VIM of all lipid mea-
surements were associated with LVDD in unadjusted multi-
variate Cox analysis, only SD-LDL-C and VIM-LDL-C were
associated with LVDD in fully adjusted Cox analysis (Table 2,
Supplementary Table 3). ARV of LDL-C and of TC were asso-
ciated with LVDD in unadjusted multivariate analysis. Howev-
er, its significant association was lost in fully adjusted multi-
variate analysis (Supplementary Table 3).

Subgroup analyses

Two separate analyses were conducted according to use of statin
therapy and to use of statin and/or any dyslipidemia medica-
tions. In these analyses, there was no significant interaction
with statin therapy in the association between mean LDL-C,
SD-LDL-C, and CV-LDL-C and risk of LVDD. Significant asso-
ciations between SD-LDL-C and CV-LDL-C and risk of LVDD
were observed in the group without statin therapy (Table 3). A
similar trend was observed when the group was defined based
on use of statin and/or any dyslipidemia medications, with no
significant interaction with use of statin and/or any dyslipid-
emia medications in the associations between mean LDL-C,
SD-LDL-C, and CV-LDL-C and risk of LVDD (Table 3).
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Fig. 2. Kaplan-Meier estimates of left ventricular diastolic dysfunction by tertiles of mean and coefficient of variation (CV) of lipid
measurements. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol;
TG, triglyceride.
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Table 3. Subgroup analysis according to statin and any lipid-modifying agents before echocardiogram

HR (95% CI)
Variable P for interaction
Tertile 1 Tertile 2 Tertile 3
With statin therapy (n=375)
Mean LDL-C 1 (reference) 1.22(0.76-1.95) 1.39(0.86-2.24)
SD-LDL-C* 1 (reference) 0.76 (0.49-1.19) 0.57 (0.35-0.93)
CV-LDL-C* 1 (reference) 0.85 (0.54-1.33) 0.61 (0.37-1.01)
Without statin therapy (n=2,442)
Mean LDL-C 1 (reference) 0.94 (0.75-1.20) 1.12 (0.81-1.28) 0.604°
SD-LDL-C* 1 (reference) 1.21 (0.95-1.54) 1.38 (1.10-1.74) 0.086"
CV-LDL-C* 1 (reference) 1.26 (1.00-1.61) 1.36 (1.09-1.72) 0.079°
With statin and/or any lipid modifying agents (n=>531)
Mean LDL-C 1 (reference) 1.17 (0.78-1.74) 1.30 (0.86-1.94)
SD-LDL-C* 1 (reference) 0.90 (0.59-1.12) 0.72 (0.48-1.08)
CV-LDL-C* 1 (reference) 0.84 (0.57-1.23) 0.72 (0.48-1.08)
Without statin and/or any lipid modifying agents (1=2,286)
Mean LDL-C 1 (reference) 1.01 (0.79-1.30) 1.05 (0.83-1.34) 0.984°¢
SD-LDL-C* 1 (reference) 1.21 (0.94-1.55) 1.31 (1.03-1.67) 0.160°
CV-LDL-C* 1 (reference) 1.26 (0.98-1.62) 1.27 (1.00-1.62) 0.199°

Adjusted for age, sex, hypertension, diabetes, body mass index, baseline E/¢, glycosylated hemoglobin.
HR, hazard ratio; CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation; CV, coeflicient of variation.
“Further adjusted for mean of LDL-C, "Versus those with statin therapy before echocardiogram, “Versus those with statin or any dyslipidemia

therapy before echocardiogram.

When we explored if there was significant interaction with
increasing and decreasing trend of each lipid parameter at
baseline in the association between variability of each lipid pa-
rameter and risk of LVDD, there was a significant interaction
with increasing and decreasing trend only in the association
between CV-HDL-C and risk of LVDD, but not in the associa-
tion between CV-LDL-C or CV-TC and risk of LVDD (Sup-
plementary Table 4). The association between CV-HDL-C and
risk of LVDD was significant only in the subgroup with in-
creasing trend of HDL-C at baseline (Supplementary Table 4).

When stratified by sex, the association between highest ter-
tile of CV-LDL-C and LVDD was significant in both male and
female subjects (for males, P=0.048; for females, P=0.047)
(Supplementary Table 5). The association between the highest
tertile of CV-TC and LVDD was significant only in females.
However, there was no significant interaction with sex in the
association between each lipid parameter and risk of LVDD.

Mean and variability of apoB, non-HDL-C, and risk of
LVDD

Mean apoB was not associated with development of LVDD.

https://e-dmj.org  Diabetes Metab J 2022;46:286-296

However, SD-apoB, CV-apoB, VIM-apoB, and ARV-apoB
were all significantly associated with LVDD even in the fully
adjusted multivariable model (Supplementary Table 6). Both
mean and variability of non-HDL-C were not associated with
development of LVDD in the fully adjusted multivariable
model (Supplementary Table 6).

Rate of change in E/€’ over time

The rate of change in E/¢’ during the follow-up period accord-
ing to tertile of mean, SD, and CV of lipid measurements is
presented in Supplementary Table 7. An incrementally higher
risk of LVDD was observed with higher tertiles of SD-LDL-C
(P for trend=0.045) and CV-LDL-C (P for trend=0.036).

DISCUSSION

In this study, there was no significant association between the
mean of any component of lipid measurements and LVDD.
However, the CV of LDL-C, HDL-C, and TG was significantly
associated with LVDD. CV-LDL-C remained significantly as-
sociated with LVDD when CV-LDL-C tertile was included in
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the multivariable model with established risk factors and the
tertiles for CV-TG and CV-HDL-C. There was no significant
interaction with sex, increasing/decreasing trend before study
entry, or use of statin and/or lipid-modifying agents. Only
VIM-LDL-C, but not VIM-TG or VIM-HDL-C, was associat-
ed with risk of LVDD. In addition, all the variability parame-
ters of apoB including VIM and ARV, but not those of non-
HDL-C, were associated with risk of LVDD.

The lack of a significant association between the mean of any
component of lipid measurements and risk of LVDD was in
contrast to previous studies. Several cross-sectional studies
showed that low HDL-C and high TG, TC, or LDL-C levels are
risk factors for diastolic dysfunction [19-21]. Two longitudinal
cohort studies showed associations of baseline HDL-C, base-
line TG, and longitudinal increases of TG with progression of
diastolic dysfunction [22,23]. The discrepancy could be ex-
plained by differences in the study population, because the
previous studies were conducted in a population with an in-
creased risk of developing LVDD that included postmeno-
pausal women, those with hypertension, and those with preex-
isting echocardiographic abnormalities that indicated early
stages of LVDD.

The association between variability of LDL-C and apoB and
risk for LVDD is in line with several recent studies suggesting
the association between metabolic variability and cardiovascu-
lar outcomes [1,9,24], although the mechanism for this associ-
ation cannot be explained fully in the current study. Because it
has been suggested that non-adherence to statin increases
LDL-C variability, which might explain the association be-
tween increased LDL-C variability and cardiovascular risk
[25], we conducted subgroup analysis according to use of
statin and/or any lipid-modifying agents. In this study, howev-
er, significant association between SD-LDL-C and CV-LDL-C
and risk of LVDD was observed in the subgroup without statin
therapy, in which non-adherence to statin cannot explain the
significant association. This indicates that mechanisms other
than non-adherence to statin are important for the association.
Indeed, the significant association between metabolic variabil-
ity and cardiovascular outcome observed in several recent
studies was not confined to those who use statins [1,9]. One of
the alternative explanations is that LDL-C variability causes
plaque volume expansion by suppressing lipid efflux from ath-
eromas, and this process causes subclinical ischemia and sub-
clinical cardiac damage, which is an important mechanism of
heart failure development [9,26,27]. Endothelial dysfunction is
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considered to play a crucial role in the pathogenesis of LVDD
and HFpEF [28,29]. Higher LDL-C variability was associated
with endothelial dysfunction [25,30], which alters paracrine
signaling between endothelial cells and cardiomyocytes to af-
fect signaling of left ventricular remodeling and dysfunction.
This can result in HFpEF especially in the presence of hyperin-
sulinemia [31].

To further determine whether the association between vari-
ability of LDL-C and risk of LVDD is attributable to the vari-
ability in number or size of LDL-C particles, we examined the
association between the mean and variability of apoB lipopro-
tein level and risk of LVDD. In this study, all the variability pa-
rameters of apoB were associated with LVDD. In contrast, nei-
ther mean nor variability of non-HDL-C was associated with
risk of LVDD. The results indicated that the variability in num-
ber of apoB lipoprotein particles was the primary determinant
of the increased risk.

Although we adjusted for sex in the multivariable Cox analy-
ses, we additionally stratified the analyses by sex to explore in-
teraction between the observed association and sex. The high-
est tertile for CV-LDL-C was associated with increased risk for
LVDD in both male and female subjects, while CV-TC was as-
sociated only in female subjects. However, there was no signifi-
cant interaction with sex for the association between any lipid
parameter and LVDD.

The strength of the current study is a longitudinal analysis of
serial echocardiography, which allowed analysis of the rate of
change in echocardiographic parameters. We showed that the
impact of LDL-C variability on progression of LVDD was
measurable within several years of observation, which could
be important information for designing future intervention
studies. Several limitations of the current study should be con-
sidered. First, the possibility of selection bias is inevitable due
to the retrospective study design. Second, although the sub-
group analysis stratified by sex did not show significant inter-
action (Supplementary Table 5), the participants of this study
were mostly employed men, suggesting that the results cannot
be generalized to other populations. Third, the possibility of
use of statin or lipid-modifying agents during the follow-up
period could not be considered. Fourth, the duration of follow-
up was not long enough to evaluate changes in LVDD parame-
ters. Therefore, the lack of association between the mean of
each lipid parameter and incident LVDD does not preclude the
possibility of a long-term association. Finally, the echocardio-
graphic parameters did not include measurements of strain.
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In conclusion, the variability rather than the mean of LDL-C
and apoB was a risk factor for the development of LVDD. Such
associations could be measurable within several years of dis-
ease onset, without a significant interaction with sex, increas-
ing/decreasing trend before study entry, or use of statin and/or
lipid-modifying agents. In terms of risk stratification for inci-
dent LVDD, lipid parameters should be interpreted with a fo-
cus on variability, primarily that of LDL-C and apoB.
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