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ABSTRACT

Objective To explore the association between lipid profiles and left ventricular hypertrophy in a Chinese general
population.

Methods We conducted a retrospective observational study to investigate the relationship between lipid markers
[including triglycerides, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein (HDL)
cholesterol, non-HDL-cholesterol, apolipoprotein A-I, apolipoprotein B, lipoprotein[a], and composite lipid
profiles] and left ventricular hypertrophy. A total of 309,400 participants of two populations (one from Beijing
and another from nationwide) who underwent physical examinations at different health management centers
between 2009 and 2018 in China were included in the cross-sectional study. 7,475 participants who had multiple
physical examinations and initially did not have left ventricular hypertrophy constituted a longitudinal cohort to
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analyze the association between lipid markers and the new-onset of left ventricular hypertrophy. Left ventricular
hypertrophy was measured by echocardiography and defined as an end-diastolic thickness of the interventricular
septum or left ventricle posterior wall > 11 mm. The Logistic regression model was used in the cross-sectional
study. Cox model and Cox model with restricted cubic splines were used in the longitudinal cohort.

Results In the cross-sectional study, for participants in the highest tertile of each lipid marker compared to the
respective lowest, triglycerides [odds ratio (OR): 1.250, 95%CI: 1.060 to 1.474], HDL-cholesterol (OR: 0.780, 95%ClI:
0.662 to 0.918), and lipoprotein(a) (OR: 1.311, 95%CI: 1.115 to 1.541) had an association with left ventricular
hypertrophy. In the longitudinal cohort, for participants in the highest tertile of each lipid marker at the baseline
compared to the respective lowest, triglycerides [hazard ratio (HR): 3.277, 95%CI: 1.720 to 6.244], HDL-cholesterol
(HR: 0.516, 95%CI: 0.283 to 0.940), non-HDL-cholesterol (HR: 2.309, 95%CI: 1.296 to 4.112), apolipoprotein
B (HR: 2.244, 95%CI: 1.251 to 4.032) showed an association with new-onset left ventricular hypertrophy. In the
Cox model with forward stepwise selection, triglycerides were the only lipid markers entered into the final model.
Conclusion Lipids levels, especially triglycerides, are associated with left ventricular hypertrophy. Controlling

triglycerides level potentiate to be a strategy in harnessing cardiac remodeling but deserve to be further investigated.

2022
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INTRODUCTION

Left ventricular hypertrophy (LVH) is a structural
change in the heart due to increased workload, which
can be identified initially by a thickening of the ventric-
ular wall™., It usually marks the occurrence of cardiac
remodeling and is a marker of poor prognosis in cardio-
vascular diseases, such as heart failure . Global soci-
eties are facing a dramatic increase in aging populations
and its accompanied pandemic of metabolic diseases,
particularly the increased disease burden associated
with dyslipidemial®. As the fatty acids are the major en-
ergy substrates for cardiac muscle™, dyslipidemia may
alter the metabolism in cardiomyocytes and result in
LVH or other structural changes. However, there are few
studies on the association between cardiac structural
alterations and lipids, and controversial conclusions.

In previous small sample studies, cholesterol,
triglycerides (TG), and high-density lipoprotein cho-
lesterol (HDL-c) had all shown potential correlations
with structural changes in the cardiac structures®",
However, the findings have been inconclusive and most
studies have been performed in hypertensive popu-
lations. Current studies have focused on a few limit-
ed lipid markers (cholesterol, HDL-c, triglycerides),
and there are no intercomparisons between them.
In addition, no large population studies explored the
relationship between LVH and apolipoproteins (apoli-
poprotein A-I [ApoA-I], apolipoprotein B [ApoB]) and
lipoprotein(a), and two cardiovascular risk factors have
gained increasing attention in recent years!**l, Two
small studies suggested that a composite, such as TG/

HDL-c may better reflect the association between lip-
ids and LVH in children or general adults!** **), More
importantly, there were no studies systematically dis-
cussed the relationship between blood lipids and LVH
in the Chinese population. However, Asia, especially
China, has been the most severely affected region for
dyslipidemia in recent years and has a unique profile
of risk factors for cardiac hypertrophy, which is char-
acterized by hypertension, and other metabolic-related
risk factors™* 1, Therefore, it is essential to identify
the association between lipids and cardiac remodeling
in Chinese populations.

To clarify the association between lipid levels and
LVH in the Chinese population, this study retrospec-
tively collected data from 309,400 individuals who un-
derwent both lipids profile analysis and transthoracic
echocardiography in China, a total of 11 lipid markers
included in our research. We also constructed a longi-
tudinal cohort in those who underwent medical exam-
inations at least twice with an interval of > 1 year to
further explore the association of lipids components
with the new onset of LVH.

SUBJECTS AND METHODS

Participants

To analyze the association between lipid levels and
echocardiography-reported LVH, we retrospectively col-
lected health check-up records from individuals aged 18
years or older who underwent both lipid profile analysis
[total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-c), HDL-c, TG, ApoA-I, ApoB, lipoprotein(a)]
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and transthoracic echocardiography at a health man-
agement center in Beijing, China, between October
2009 and November 2017. Individuals who undergo
physical examinations were voluntarily at their own
expense or the employer’s expense. Initially, a total of
84,625 health check-up records were collected from
69,342 individuals. To reduce the confounding effects
from other cardiac diseases, we excluded individuals
with coronary artery disease, structural heart disease
(valve stenosis, leakiness of heart valves, congenital
heart disease, rheumatic heart disease, moderate and
above or undetermined degree regurgitation, and other
rare structural abnormalities), and those who had un-
dergone cardiac surgery. Ultimately, 66,033 individuals
were included in the Beijing cross-sectional population.

To increase the robustness of the results in the
Beijing cross-sectional study, we constructed a na-
tional cross-sectional population. This population was
from 24 health management centers in 10 provinces
in China. The individuals aged 18 years or older were
included in the analysis. All participants underwent
transthoracic echocardiography and blood chemistry
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tests for LDL-c, HDL-c, TG, and TC. The exclusion crite-
ria were consistent with those in the Beijing cross-sec-
tional population. Finally, there were a total of 243,367
individuals recruited in the cross-sectional study na-
tionwide (Fig. 1).

To further explore the relationship between lipid
levels and the new onset of LVH during the follow-up, we
recruited 7,475 participants from 8,843 who had multiple
physical examinations with an interval of > 1 year be-
tween physical examinations and did not have LVH at the
first check-up constituted a longitudinal cohort (Fig. 1).

The data for this study was based on a nation-
wide research project on physical examination data
initiated by the Renmin Hospital of Wuhan University,
which was approved by the ethics committee of the
Renmin Hospital of Wuhan University and subsequently
by the ethics committees at each partner hospital. In-
formed consent was waived because no harm would be
caused to the participants while no traceable person-
al information was included. This study followed the
STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE) statement.

Individuals aged 18 years or older who underwent
both lipid profiling as well as transthoracic echocardiography

|

!

Individuals who attended examinations
at a health management center in Beijing
between October 2009 and November 2017

Individuals who attended examinations
at 24 health management centers in 10 provinces
between January 2009 and July 2018

l

l

69,342 individuals measured
TG, TC, LDL-c, HDL-c, ApoA-I,
ApoB, and lipoprotein(a)

267,922 individuals
measured TG, TC, LDL-c, and HDL-c

Excluded 3,309 individuals with coronary
artery disease, structural heart disease, and
cardiac surgery history.

Excluded 24,555 individuals with coronary
artery disease, structural heart disease, and
cardiac surgery history.

66,033 individuals were included
in the Beijing cross-sectional population

243,367 individuals were included
in the national cross-sectional population

l

8,843 patients had two or more examinations
records at different times

A

7,475 individuals constituted the longitudinal cohort

Figure 1. Flowchart of participant inclusion and exclusion.

Excluded 898 individuals with an interval of <1 year between physical examinations.
Excluded 470 individuals who had cardiac hypertrophy at the first physical examination.

TG: triglycerides; TC: total cholesterol; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein choles-

terol; ApoB: apolipoprotein B; ApoA-I: apolipoprotein A-I.
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Key measurements and definition

Changes in the cardiac structure were measured by
transthoracic M-mode echocardiography. Echocardi-
ography was performed by experienced physicians,
and we collected the final text results of ultrasound
diagnostic. The diagnosis for LVH was based on the re-
port of echocardiography. All health check-up centers
followed the identical guidance for diagnosing LVH,
namely that the end-diastolic thickness of the inter-
ventricular septum or/and left ventricle posterior wall
reported above 11 mm!® ™,

Lipid contents, including LDL-c, HDL-c, TG, TC,
ApoB, ApoA-I, and lipoprotein(a) were measured direct-
ly according to Chinese guideline recommendations”,
Detailly, TG and TC were measured by the enzymatic
method, HDL-c and LDL-c by the homogeneous meth-
od, and ApoA-I, ApoB, and lipoprotein(a) by immu-
noturbidimetric method. Non-HDL-c was calculated
by TC minus HDL-c. The composite parameters, in-
cluding TG/HDL-c, TC/HDL-c, and ApoB/ApoA-I, were
calculated accordingly based on the available indices.

Anthropometric and laboratory data

All participants had undergone comprehensive anthro-
pometric measurements and clinical examinations by
professional and experienced medical teams in each
hospital.

Weight and height were measured to the nearest
0.1 kg and 0.1 cm, respectively, in subjects wearing
light clothing without shoes. Body mass index (BMI)
was calculated by weight (kg)/height’ (cm?). Obesity
was determined regarding Chinese standard weight
(normal: BMI < 24, overweight: BMI > 24 and < 28,
obese: BMI > 28)!,

Systolic blood pressure (SBP, mm Hg) was mea-
sured by mercury sphygmomanometers or electronic
sphygmomanometers after individuals rested in a seat-
ed position for a minimum of 5 min. Hypertension and
diabetes were diagnosed based on personal history
and Chinese hypertension or diabetes guideline™ %!,

Blood routine tests and biochemical tests were
conducted in fasting state measured according to stan-
dard protocols and guidelines at a certified laboratory,
and all test results were obtained by the automated
biochemical analyzer. In detail, we collected the results
of blood regular test [including white blood cells, he-
moglobin, red blood cells (RBC), and platelets], liver
function test [including alanine transaminase (ALT),
aspartate transaminase, gamma-glutamyl transpep-

tidase, and albumin], renal function test [including
serum creatinine, blood urea nitrogen (BUN), and
eGFR (calculated by CKD-EPI formula)], inflammatory
marker [C-reactive protein (CRP)], blood glucose level
and pancreatic function test (including fasting glucose
level, insulin C-peptide, insulin level, and hemoglobin
Alc). Insulin resistance index (HOMA-IR) was calculat-
ed by fasting insulin (mIU/L) x fasting blood glucose
(mmol/L)/22.524,

Data missing and imputation

The average missing rate was 2.36% and the highest
missing rate was 9.60% for the Beijing cross-sectional
population and the longitudinal cohort from Beijing.
The average and the highest missing rates were 4.05%
and 22.19% in the cross-sectional population from
nationwide. We used nonparametric missing value im-
putation which is based on the missForest procedure
in R to fill in the missing data™ *®’, The results of the
subsequent analysis of the dataset before and after
imputation were not significantly different.

Statistical methods

In this study, continuous variables were expressed
as medians and quartiles. Categorical variables were
expressed as percentages. Mann-Whitney U test was
used for comparison of continuous variables and chi-
square test was used for categorical variables. We
used Spearman rank correlation analysis to analyze
the correlation between lipid profiles. Unless specified,
two-sided P-values < 0.05 were considered statistically
different in this study.

We used the Logistic regression model in
cross-sectional data to analyze the relationship be-
tween lipid levels as categorical variables and LVH. In
the Beijing cross-sectional population, we performed
the univariable Logistic regression model at first and
variables with P-values < 0.1 were considered as po-
tential covariates to be included in the next multivari-
able regression model. Meanwhile, we also considered
the clinical significance of the variables and carefully
identified the final covariates to ensure the simplicity
of the multivariable regression model. Variables, in-
cluding age, sex, BMI, SBP, CRP, RBC, ALT, BUN, and
INn(HOMA-IR) were considered as covariates. Since
insulin resistance has a significant impact on the me-
tabolism of lipids and cardiomyocytes™” *®, this inter-
action was also adjusted by including lipid levels x in-
sulin resistance as cofounders into the models. In the
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national cross-sectional population, we validated the
relationship between lipid profiles and LVH by Logistic
regression model with covariates including age, sex,
BMI, SBP, fasting glucose, ALT, hemoglobin, and BUN.

Cox regression model was used to identify the
relationship between lipid levels and the new onset of
LVH in the longitudinal cohort. We first performed a
univariable Cox regression analysis to select variables
for the following multivariable Cox regression. The
variables, including age, sex, BMI, SBP, RBC, ALT, BUN,
and In(HOMA-IR), were adjusted as covariates. In the
multivariable Cox model, the interaction of insulin re-
sistance with lipids was also controlled. In addition, we
put all lipids and the aforementioned covariates simul-
taneously into the Cox model with forward stepwise
selection based on likelihood ratio to find the most
important lipid profiles. We tested all Cox models for
compliance with the proportional hazard assumption
by Schoenfeld residuals method and found no viola-
tions (all P-values > 0.05).

We also explored the relationship between lipid
levels and the occurrence of LVH using the Cox re-
gression model with restricted cubic splines (RCS) in
the longitudinal cohort. The 10th, 50th, and 90th per-
centiles were set as nodes, and the median was the
reference value. The top 1% of the result of each lipid
marker was removed to exclude the effect of extreme
values.

Statistical analysis for this study was performed
using SPSS Statistics (version 26.0, IBM, Armonk, NY,
USA) as well as R (version 3.6.3, R Foundation for Sta-
tistical Computing, Vienna, Austria).

Sensitivity test

To test the robustness of the results of the longitudi-
nal cohort study, we performed three sensitivity tests.
In the first sensitivity test, lipids were included in the
models as continuous variables after being standard-
ized. Second, we selected participants who had multi-
ple physical examinations with an interval of > 2 years
between physical examinations and did not have LVH
at the first check-up constituted a longitudinal cohort.
Due to the limitation of the number of participants
who happened LVH, lipid markers were included in
the models as continuous variables after being stan-
dardized instead of categorical variables to ensure the
accuracy of statistics. Third, we excluded participants
with hypertension at the baseline to reduce the influ-
ence of hypertension on LVH.
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RESULTS

Characteristics of the Beijing cross-sectional
population

The demographic characteristics of the Beijing
cross-sectional population was presented in Table 1.
A total of 66,033 participants were included in the
Beijing cross-sectional study, of whom 4,351 (6.60%)
had a physical examination record reporting increased
LV wall thickness. Among the included participants,
64.99% were men and the median age was 49 (IQR:
43 to 54). There were 19.74% participants with obe-
sity and 23.51% with hypertension. In the Beijing
cross-sectional population, individuals with echocar-
diography reported LVH had a significantly higher age
(median: 52 versus 48, P < 0.001) and proportion of
males (87.47% versus 63.40%, P < 0.001). Also, the
TG levels (median: 1.79 mmol/L versus 1.44 mmol/L,
P < 0.001) and the prevalence of obesity (44.19% ver-
sus 18.02%, P < 0.001), hypertension (52.25% versus
21.48%, P<0.001), and diabetes mellitus (31.69%
versus 14.46%, P < 0.001) were significantly higher
than those in participants without echocardiography
reported LVH (Table 1).

Association between lipids and LVH in the Beijing
cross-sectional population

We performed Logistic regression in the Beijing
cross-sectional population to explore the association
between lipid markers and LVH. The odds ratio (OR)
after adjusted age, sex, BMI, SBP, CRP, RBC, ALT, BUN,
In(HOMA-IR), and the interaction between In(HO-
MA-IR) and lipids were shown in Fig. 2.

In this population, the highest tertiles of TG and
lipoprotein(a) were significantly associated with a high-
er risk of presenting LVH compared with the respective
lowest tertiles (TG, OR: 1.250, 95%CI: 1.060 to 1.474;
lipoprotein[a], OR:1.311, 95%CI: 1.115 to 1.541).
And the second tertiles also had higher risk versus the
lowest tertiles respectively (TG, OR: 1.249, 95%CI:
1.068 to 1.462; lipoprotein[a], OR: 1.303, 95%CI:
1.107 to 1.534). In contrast, TC, LDL-c, non-HDL-c,
and ApoB levels did not have a significant association
with the presence of LVH.

Participants in the highest tertile HDL-c had a
22% (OR: 0.780, 95%CI: 0.662 to 0.918) reduction
in LVH risk compared with the lowest tertile. Although
ApoA-I is the major protein component of HDL, which
is involved in cholesterol traffic and mobilization™",
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and the levels of the two entities have a high cor- tertile of TC/HDL-c (OR: 1.283, 95%CI: 1.089 to 1.510)
relation (Supplementary Table S1), the ApoA-I level and TG/HDL-c (OR: 1.288, 95%CI: 1.092 to 1.520)
was not associated with the presence of LVH in the were significantly associated with the presence of LVH.
cross-sectional study. But ApoB/ApoA-I levels were not shown a significant

For composite lipid profiles, individuals in higher association with LVH.
Table 1. Characteristics of the Beijing cross-sectional population [median (IQR)]

Items Overall Normal LV wall thickness LV wall thickening Zory P

n 66,033 61,682 (93.40%) 4,351 (6.60%)
Age (yrs) 49 (43, 54) 48 (43, 54) 52 (47, 59) 27.46 <0.001
Women [n (%)] 23,118 (35.01) 22,573 (36.60) 545 (12.53) 1,034.90 <0.001
BMI (kg/m?) 25.18 (22.97, 27.38) 25.00 (22.83, 27.18) 27.52 (25.61, 29.64) 46.51 <0.001
Obesity [n (%)] 11,512 (19.74) 9,811 (18.02) 1,701 (44.19) 1,554.67 <0.001
Systolic blood pressure (mmHg) 121 (109, 134) 120 (108, 133) 136 (125, 150) 49.79 <0.001
Hypertension [n (%)] 13,839 (23.51) 11,808 (21.48) 2,031 (52.25) 1,911.29 <0.001
Total cholesterol (mmol/L) 4.75 (4.17, 5.39) 4.75 (4.17, 5.39) 4.79 (4.16, 5.46) 2.12 0.034
LDL-cholesterol (mmol/L) 3.06 (2.53, 3.61) 3.06 (2.53, 3.61) 3.07 (2.50, 3.63) -0.81 0.417
HDL-cholesterol (mmol/L) 1.17 (0.97, 1.41) 1.17 (0.98, 1.42) 1.06 (0.89, 1.26) -24.86 <0.001
Non-HDL-cholesterol (mmol/L) 3.54 (2.95, 4.17) 3.53 (2.94, 4.16) 3.70 (3.10, 4.33) 11.08 <0.001
Triglycerides (mmol/L) 1.46 (1.01, 2.19) 1.44 (0.99, 2.16) 1.79 (1.27, 2.73) 24.92 <0.001
Total cholesterol/HDL-c ratio 4.05 (3.27, 4.97) 4.02 (3.24, 4.93) 4.50 (3.72, 5.40) 23.44 <0.001
Triglycerides/HDL-c ratio 1.26 (0.76, 2.13) 1.23 (0.74, 2.08) 1.71 (1.06, 2.82) 27.97 <0.001
Apolipoprotein B (g/L) 0.91 (0.77, 1.07) 0.91 (0.76, 1.06) 0.94 (0.80, 1.10) 9.64 <0.001
Apolipoprotein A-I (g/L) 1.31 (1.16, 1.48) 1.32 (1.16, 1.49) 1.27 (1.13, 1.43) -11.01 <0.001
ApoB/ApoA-I ratio 0.70 (0.56, 0.85) 0.69 (0.56, 0.84) 0.74 (0.61, 0.88) 14.30 <0.001
Lipoprotein(a) (mg/L) 119.00 (45.60, 261.00) 119.00 (45.30, 262.00) 119.00 (50.00, 254.00) -0.51 0.610
Uric acid (pmol/L) 337.00 (274.00, 399.00) 333.00 (271.00, 396.10) 376.00 (321.00, 436.00) 30.42 <0.001
Hemoglobin Alc (%) 5.60 (5.30, 5.90) 5.50 (5.30, 5.90) 5.80 (5.50, 6.40) 29.43 <0.001
Fasting blood-glucose (mmol/L) 5.30 (4.92, 5.86) 5.28 (4.90, 5.81) 5.77 (5.24, 6.75) 36.27 <0.001
Diabetes mellitus [n (%)] 10,284 (15.60) 8,906 (14.46) 1,378 (31.69) 915.73 <0.001
C-reactive protein (mg/L) 1.20 (0.70, 2.10) 1.20 (0.70, 2.00) 1.60 (0.90, 2.80) 19.08 <0.001
Hemoglobin (g/L) 147.00 (134.00, 157.00) 146.00 (134.00, 157.00) 152.00 (143.00, 160.00)  22.72 <0.001
Red blood cell (x10'%/L) 4,77 (4.43, 5.09) 4.76 (4.42, 5.09) 4.92 (4.61, 5.19) 19.80 <0.001
White blood cell (x10°/L) 5.87 (4.98, 6.92) 5.85 (4.96, 6.90) 6.15 (5.25, 7.20) 12.15 <0.001
Alanine transaminase (IU/L) 19.95 (14.10, 29.50) 19.70 (13.90, 29.10) 23.95 (17.10, 34.80) 21.77 <0.001
Aspartate transaminase (IU/L)  18.40 (15.40, 22.70) 18.40 (15.40, 22.60) 19.40 (16.10, 24.90) 13.07 <0.001
GGT (IU/L) 28.00 (17.00, 49.00) 27.00 (16.30, 48.00) 39.00 (25.00, 69.00) 31.22 <0.001
Serum creatinine (umol/L) 67.00 (57.00, 77.00) 67.00 (57.00, 77.00) 71.00 (63.00, 80.00) 20.65 <0.001
eGFR [ml/(min-1.73m?)] 105.72 (95.24, 112.34) 105.90 (95.81, 112.48) 102.89 (81.83, 110.31) -16.40 <0.001
Albumin (g/L) 45.00 (42.60, 47.30) 45.00 (42.60, 47.30) 45.20 (42.70, 47.20) 1.30 0.194
Blood urea nitrogen (mmol/L) 5.00 (4.30, 5.90) 5.00 (4.30, 5.90) 5.30 (4.50, 6.20) 16.41 <0.001
Platelet count (x10°/L) 220.00 (187.00, 256.00) 220.00 (187.00, 257.00) 209.00 (177.00, 244.00)  -13.53 <0.001
C-peptide (ng/ml) 2.42 (1.88, 3.09) 2.38 (1.85, 3.04) 3.00 (2.39, 3.73) 38.11 <0.001
Fasting insulin (mU/L) 9.22 (6.38, 13.36) 9.07 (6.28, 13.08) 11.87 (8.29, 17.14) 29.86 <0.001
HOMA-IR 2.28 (1.48, 3.54) 2.27 (1.47, 3.50) 2.50 (1.63, 3.98) 10.17 <0.001

LV: left ventricular; BMI: body mass index; LDL: low-density lipoprotein; HDL: high-density lipoprotein; GGT: gamma-

glutamyl transpeptidase; eGFR: estimated glomerular filtration rate; HOMA-IR: insulin resistance index.

P values were calculated by Mann-Whitney U test for continuous variables and Chi-square test for categorical variables.
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Lipid profile Interval OR (95%CI) P value
Triglycerides (mmol/L)

First tertilc <1.15 | Reference

Second tertile 1.15-1.88 —— 1.249(1.068,1.462) 0.005

Third tertile >1.88 —— 1.250(1.060,1.474) 0.008

Total cholesterol (mmol/L)

First tertile <4.38 | Reference

Second tertile 4.38-5.15 —— 1.011(0.865,1.182) 0.887

Third tertile >5.15 —— 0.994(0.848,1.164) 0.936

LDL-cholesterol (mmol/L)

First tertile <2.73 | Reference

Second tertile 2.73-3.41 —a— 0.876(0.749,1.023) 0.095

Third tertile >3.41 —— 0.927(0.792,1.085) 0.346

HDL-cholesterol (mmol/L)

First tertile <1.04 | Reference

Second tertile 1.04-1.32 —a— 0.911(0.780,1.065) 0.243

Third tertile >1.32 —a— 0.780(0.662,0.918) 0.003

Non-HDL-cholesterol (mmol/L)

First tertile <3.16 | Reference

Second tertile 3.16-3.93 —— 0.999(0.854,1.168) 0.990

Third tertile >3.93 —1 1.100(0.938,1.290) 0.240

Lipoprotein(a) (mg/L)

First tertile <64.00 | Reference

Second tertile 64.00-200.00 —— 1.303(1.107,1.534) 0.001

Third tertile >200.00 —— 1.311(1.115,1.541) 0.001

Apolipoprotein A-I (g/L)

First tertile <1.21 | Reference

Second tertile 1.21-1.42 —a— 0.857(0.733,1.001) 0.051

Third tertile >1.42 —a— 0.919(0.784,1.078) 0.300

Apolipoprotein B (g/L)

First tertile <0.82 | Reference

Second tertile 0.82-1.01 T 1.104(0.945,1.291) 0.213

Third tertile >1.01 —— 1.063(0.905,1.248) 0.458

Total cholesterol/HDL-cholesterol ratio

First tertile <3.53 | Reference

Second tertile 3.53-4.62 —— 1.171(0.998,1.374) 0.052

Third tertile >4.62 —_— 1.283(1.089,1.510) 0.003

Triglycerides/HDL-cholesterol ratio

First tertile <0.91 | Reference

Second tertile 0.91-1.75 —— 1.295(1.105,1.516) 0.001

Third tertile >1.75 ————— 1.288(1.092,1.520) 0.003

ApoB/ApoA-I ratio

First tertile <0.61 | Reference

Second tertile 0.61-0.79 —— 1.026(0.875,1.204) 0.751

Third tertile >0.79 - 1.133(0.965,1.329) 0.127
0.5 1 1.5

Figure 2. Relationship between lipid profiles and cardiac hypertrophy in cross-sectional analysis.

OR: odds ratio.

The adjustment factors of logistic model include age, sex, BMI, systolic blood pressure, C-reactive protein, red blood cell
count, alanine transaminase, blood urea nitrogen, In(HOMA-IR), and the interaction between In(HOMA-IR) and lipids.
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Association between lipids and LVH in the
national cross-sectional population

To increase the robustness of the results of the Beijing
cross-sectional population, we constructed a popu-
lation which participants from nationwide. The effect
of ApoA-I, ApoB, and lipoprotein(a) was not further
addressed in this population due to limitations in data
availability.

A total of 243,367 (62.16% of male) participants
were included in this population. Overall, the charac-
teristics of the national cross-sectional population had
similar results with the Beijing cross-sectional popula-
tion (Supplementary Table S2), but the proportion of
echocardiography reported LVH was lower (6,075 par-
ticipants, 2.50%) in this population.

We performed Logistic regression in the national
cross-sectional population with covariates including
age, sex, BMI, SBP, fasting glucose, ALT, hemoglobin,
and BUN (Supplementary Fig. S1). TG, HDL-c, TC/
HDL-c, and TG/HDL-c, which showed statistically sig-
nificant associations with LVH in the Beijing population,
also showed significant associations with LVH in this
population. The result of LDL-c was consistent with the
Beijing cross-sectional population as well. Statistically
significant positive associations were observed when
TC and non-HDL-c levels reached the highest tertile in
the national cross-sectional population with more par-
ticipants.

Baseline characteristics of the longitudinal cohort
7,475 participants with two or more health check-up
records with an interval of > 1 year between exam-
inations and normal ventricular wall thickness at the
first examination constituted the longitudinal cohort in
Beijing. The median follow-up time of the cohort was
913 (IQR: 622 to 1,387) days, and 307 (4.11%) indi-
viduals newly reported LVH throughout the follow-up
period. The baseline characteristics of the cohort
population were similar to the Beijing cross-sectional
population due to the cohort population was derived
from it. The median age of the cohort was younger
(median: 47 versus 49) because only participants
initially without LVH were included (Supplementary
Table S3).

Association between lipids and new-onset LVH in
the longitudinal cohort analysis

We further addressed the association between lipid
markers and new-onset LVH by a longitudinal cohort

with 7,475 participants. We performed the analysis us-
ing the Cox model with covariates including age, sex,
BMI, SBP, RBC, ALT, BUN, In(HOMA-IR), and the in-
teraction between In(HOMA-IR) and lipid markers, the
results are shown in Fig. 3.

In the longitudinal cohort, individuals with the
second (HR: 3.838, 95%CI: 2.070 to 7.118) and high-
est tertile (HR: 3.277, 95%CI: 1.720 to 6.244) of TG
level had over 3-folds higher risk of new-onset LVH
compared to those with TG levels in the lowest tertile.
Furthermore, we visualized the relationship between
TG and the risk of developed LVH using RCS in the
longitudinal cohort, we found the risk had rapidly in-
creased until TG reached 3 mmol/L (Fig. 4). Partici-
pants who were with non-HDL-c or ApoB at the highest
tertile compared who were at the lowest tertile had
an increased risk of new incident LVH during the fol-
low-up. In contrast, the TC, LDL-c, and lipoprotein(a)
levels did not demonstrate a positive correlation with
new-onset LVH.

HDL-c in the highest tertile at baseline was as-
sociated with a decreased risk of LVH incidence in the
longitudinal cohort. The RCS results showed a linear
and negative association between increased HDL-c and
the risk of new-onset LVH during the follow-up (Fig. 4).
However, the level of ApoA-I level was not associated
with the incidence of LVH in the longitudinal cohort.
The RCS results suggest that ApoA-I has a similar but
flatter relationship curve versus HDL-c (Fig. 4).

In addition, all three composite lipid markers (TC/
HDL-c, TG/HDL-c, and ApoB/ApoA-I) showed a positive
correlation with the new-onset LVH risk in the longitu-
dinal cohort.

Among lipid markers and lipoproteins that have
a significant association with the new-onset LVH (TG,
HDL-c, ApoB, non-HDL-c, TC/HDL-c, TG/HDL-c, and
ApoB/ApoA-I) in the longitudinal cohort, we further
determined which lipid marker has the strongest as-
sociation with the incidence of new-onset LVH using
the Cox model with forward stepwise selection based
on likelihood ratio. TG was the only lipid that entered
the model, which indicated TG was the most rele-
vant indicator for subsequent development of LVH
(Table 2).

Sensitivity analyses for the longitudinal cohort

We further performed three separate sensitivity anal-
yses to validate the robustness of the cohort results
by changing the type of variable for lipids, increasing
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Lipid profile Interval OR (95%CI) P value
Triglycerides (mmol/L)

First tertilc <1.18 | Reference

Second tertile 1.18-1.92 # 3.838(2.070,7.118) 0.001
Third tertile >1.92 i 3.277(1.720,6.244) 0.001
Total cholesterol (mmol/L)

First tertile <4.46 | Reference

Second tertile 4.46-5.23 —— 1.522(0.854,2.711) 0.154
Third tertile >5.23 —— 1.539(0.854,2.775) 0.152
LDL-cholesterol (mmol/L)

First tertile <2.76 | Reference

Second tertile 2.76-3.42 ——— 1.666(0.957,2.900) 0.071
Third tertile >3.42 —_ 1.297(0.725,2.319)  0.380
HDL-cholesterol (mmol/L)

First tertile <1.04 | Reference

Second tertile 1.04-1.31 —— 0.657(0.379,1.140) 0.135
Third tertile >1.31 —+— 0.516(0.283,0.940) 0.031
Non-HDL-cholesterol (mmol/L)

First tertile <3.24 | Reference

Second tertile 3.24-4.01 -+ 1.483(0.811,2.713) 0.200
Third tertile >4.01 —_— 2.309(1.296,4.112) 0.004
Lipoprotein(a) (mg/L)

First tertile <100.00 | Reference

Second tertile 100.00-241.00 — 1.555(0.842,2.871) 0.158
Third tertile >241.00 —T— 1.304(0.702,2.421) 0.401
Apolipoprotein A-I (g/L)

First tertile <1.22 | Reference

Second tertile 1.22-1.42 —a— 0.787(0.452,1.370) 0.397
Third tertile >1.42 —— 0.875(0.493,1.552)  0.648
Apolipoprotein B (g/L)

First tertile <0.81 | Reference

Second tertile 0.81-1.00 — 1.751(0.984,3.118) 0.057
Third tertile >1.00 — 2.244(1.251,4.023) 0.007
Total cholesterol/HDL-cholesterol ratio

First tertile <3.59 | Reference

Second tertile 3.59-4.66 —— 1.097(0.583,2.066) 0.774
Third tertile >4.66 ] 2.394(1.312,4.365) 0.004
Triglycerides/HDL-cholesterol ratio

First tertile <0.93 | Reference

Second tertile 0.93-1.76 i 2.452(1.348,4.459) 0.003
Third tertile >1.76 L 2.823(1.549,5.145) 0.001
ApoB/ApoA-I ratio

First tertile <0.60 | Reference

Second tertile 0.60-0.78 —T 1.230(0.668,2.267) 0.507
Third tertile >0.78 —— 2.113(1.199,3.724) 0.010

0 1 2 3 4 5

6

7

Figure 3. Relationship between lipid profiles and cardiac hypertrophy in cohort analysis.

HR: hazard ratio.
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The adjustment factors of the Cox model include age, sex, BMI, systolic blood pressure, red blood cell count, alanine
transaminase, blood urea nitrogen, In(HOMA-IR), and the interaction between In(HOMA-IR) and lipids.
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Figure 4. Risk of cardiac hypertrophy at different lipid concentrations.
The adjustment factors include age, sex, BMI, systolic blood pressure, red blood cell count, alanine transaminase, blood
urea nitrogen, In(HOMA-IR), and the interaction between In(HOMA-IR) and lipids.

the duration of follow-up, and excluding individu-
als who had hypertension at baseline. The results
are shown in Supplementary Table S4. ApoB levels
per SD increase did not result in a meaningful risk
change in the sensitivity analysis, but this result was
reasonable since the ApoB increase per tertile was
greater than the per SD. Other results observed in the
sensitivity analyses were similar to the longitudinal
cohort.

DISCUSSION

Based on a large Chinese population of overall
309,400 participants, we used the most comprehen-
sive lipid profiles to date to explore the relationship
between lipid markers and LVH in this study. We found
that elevations in TG, lipoprotein(a), TC/HDL-c, and
TG/HDL-c were associated with an increased risk of
presenting LVH. In the longitudinal cohort, TG, non-
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Table 2. The final model determined by the forward stepwise selection (likelihood ratio) when different lipids were put into

the Cox model together

Variables HR (95%CI)? P value
Age (yrs) 1.032 (1.017,1.046) <0.001
Sex (female/male) 0.352 (0.239,0.519) <0.001
BMI (kg/m?) 1.124 (1.086,1.164) <0.001
Systolic blood pressure (mm Hg) 1.026 (1.020,1.033) <0.001
Blood urea nitrogen (mmol/L) 1.099 (1.007,1.200) 0.034
Triglycerides
First tertile (<1.18 mmol/L) Reference
Second tertile (1.18-1.92 mmol/L) 1.827 (1.277,2.614) 0.001
Third tertile (>1.92 mmol/L) 1.904 (1.336,2.714) <0.001

®In this Cox model, age, sex, BMI, systolic blood pressure, blood urea nitrogen, alanine transaminase, In(HOMA-IR), red

blood cell count, triglycerides, HDL-cholesterol, non-HDL-cholesterol, apolipoprotein B, total cholesterol/HDL-cholesterol,
triglycerides/HDL-cholesterol, and apolipoprotein B/apolipoprotein A-I were put into the initial model, and the final Cox

model was determined using forward stepwise regression.

HDL-c, ApoB, TC/HDL-c, TG/HDL-c, and ApoB/ApoA-1
increased were correlated with a higher risk of new-on-
set LVH. Elevated HDL-c was associated with both low-
er prevalence and new-onset of LVH. Furthermore, our
study suggested TG had the most relevant association
with new-onset LVH. These associations were indepen-
dent of not only traditional cardiovascular risk factors
(e.g., BMI, blood pressure), but also the role of insulin
resistance. Although this evidence is preliminary, it re-
veals potential possibilities in the prevention and treat-
ment of LVH by controlling circulating lipid levels.

The role of metabolism-related risk factors such
as high BMI, diabetes, and hypertension in the devel-
opment of LVH has been widely demonstrated™. How-
ever, although dyslipidemia is strongly correlated with
other metabolic risk factors'®?, it is unclear whether
it has an impact on LVH. With the increasing disease
burden associated with dyslipidemia in recent years,
it is important to clarify whether there is a correlation
between dyslipidemia and LVH™. In previous studies,
a positive relationship between increased plasma TG
concentrations and the left ventricular mass or LVH
was demonstrated in the European population®*®, and
we further confirmed this association in the Chinese
population with significantly larger sample size. Our
study took more approaches to ensure the robustness
of the results. We excluded individuals with coronary
artery disease, structural heart disease, and those who
had undergone cardiac surgery to reduce the potential
influences from other cardiac diseases. In addition,
we conducted an independent sensitivity analysis in a

population without hypertension. Moreover, insulin re-
sistance interplays with lipids and has a pivotal effect
on cardiomyocytes’ energy metabolism'**, Therefore,
in this study, HOMA-IR was used to reflect the degree
of insulin resistance, and interaction between insulin
resistance and blood lipids was controlled in the model
analyzing the association between lipid and LVH. Using
a longitudinal cohort, we further showed that baseline
TG level proceeds the new onset of LVH. The results
consistently supported the independent association be-
tween TG levels and LVH. However, whether a causal
effect exists in high TG levels and LVH remains to be
explored in the prospective setting.

The mechanism by which TGs cause LVH is not
clear, but their function may be able to shed some
light. TGs are an important form of fatty acid storage
in the body, in which more than 90% of fatty acids
are stored®*4, Under physiological conditions, fatty
acids are the main energy resource for cardiac my-
ocytes!®!, Cardiac myocytes can take up fatty acids
bound to plasma albumin as well as fatty acids stored
as TG in chylomicrons or lipoproteins, with the latter
being the major pathway'®*. Therefore, when TG lev-
els are elevated, the supply of fatty acids will increase
and thus cause an imbalance in fatty acid uptake and
oxidation in cardiac myocytes. Excess fatty acids will
be converted to TG, phospholipids, and other forms
and stored in the cardiomyocytes®". Imaging analysis
of the myocardium had also shown that lipid drop-
lets could be observed in the myocardium of people
with metabolic abnormalities™®!. Animal studies have
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shown that myocardial lipid deposition is associated
with ventricular hypertrophy and dysfunction®, Thus,
the adiposity of cardiomyocytes promoted by elevated
TG may be an important cause of structural changes
in the heart. In addition, current studies suggest that
oxidation efficiency for fatty acids decreases during
myocardial hypertrophy. However, the decrease in ox-
idative efficiency does not affect the uptake of fatty
acids''!. Therefore, this would further exacerbate the
imbalance between intracellular fatty acid supply and
consumption. Animal studies have found that intracel-
lularly stored TG may not cause toxicity®**", Other lip-
id components converted from excess fatty acids may
play a greater role, such as ceramide and diacylglycer-
ol. The toxicity of these lipids can lead to mitochondrial
dysfunction and apoptosis and may contribute to the
progression of heart failure®". Also, patients with con-
genital fatty acid oxidation disorders lead to excessive
lipid accumulation in cardiomyocytes, inducing a sig-
nificantly increased incidence of sudden cardiac death
in these patients™.

In recent years, the prevalence of dyslipidemia in
China has been increasing*'®, It is noteworthy that
high TG and low HDL-c are the main types of dyslip-
idemia in the Chinese population, in contrast to the
predominance of high TC and high LDL-c in the United
States and Europe™®., This feature suggests that man-
agement of TG in the Chinese population may yield
greater benefit. The role of TG in the development of
cardiovascular disease has received increasing atten-
tion in recent years, yet the protective effect of TG
control has been controversial®**”, Previous studies
showed that Omega-3 improves left ventricle function,
reduces recurrent heart failure, and reduces adverse
left ventricle remodeling in patients with hypertri-
glyceridemia* ™!, Because Omega-3 improves cardiac
function may via multiple mechanisms, it is difficult to
determine whether this effect is achieved directly by
affecting TG levels!*. Fibrates, another type of drug
lowering circulating TG levels, demonstrate effects in
reducing myocardial hypertrophy in animal studies!**,
Whether fibrates treatment results in beneficial effects
in LVH warrant to be further study.

Whether elevated HDL-c level is negatively as-
sociated with LVH has been inconsistent in previous
studies”®*, Our study supports the negative asso-
ciation between these two entities. However, apoli-
poprotein A-I is the scaffolding for lipidation of HDL-c
and the change did not associate with the presence of

LVH in this study™®. This finding may indicate that the
effect of HDL-c is not due to the reverse cholesterol
transport function, but rather that HDL-c is a reflec-
tive indicator of TG levels, a conclusion that could be
supported by the strong negative correlation exhibited
by HDL-c and TG in our study. Regarding cholesterol,
the evidence between cholesterol and LVH is still in-
consistent” ", Our study showed that LDL-c was not
associated with the prevalence and the new onset of
LVH. We noted that in the study by Aung et al, LDL-c
showed a negative correlation with left ventricle mass
in the observational results, despite the Mendelian
randomization results indicating that LDL-c was asso-
ciated with increased left ventricle mass.!* Therefore,
the role of cholesterol, especially LDL-c, in LVH needs
to be further confirmed in future studies. Meantime,
the conclusions on the effect of statins on LVH are
inconsistent in animal studies*". The association
between LVH and heart failure is well established™>",
the latest ECS guideline for the treatment of heart
failure stated that statins are not recommended in
patients with heart failure without atherosclerotic car-
diovascular disease because there is no evidence to
support benefit®,

Limitation Several limitations should be men-
tioned in this study. First, our retrospective cohorts
had inherent limitations in analyzing the causal re-
lationship between lipid levels and LVH. Second, the
study populations were based on health examinations
but were not based on random sampling, and study
data may underrepresent the rural populations and
lower-income individuals. Third, the original images
were not able to be reviewed independently by in-
vestigators, thus, interobserver variations have led
to an increase in the deviation in the diagnose of
LVH. Fourth, the mean follow-up period was relatively
short for discovering enough population developing
LVH. Fifth, the mean age of participants was around
50 in this study, which indicated this conclusion may
be interpreted with caution when it extrapolates to a
broader population.

Conclusion With the most comprehensive lipid
profiles, our study provides new evidence for the view
that an association exists between lipids and structur-
al changes in the heart. In this study, TG and HDL-c
demonstrated strong and stable associations with LVH.
Therefore, the role played by lipids, especially TG, in
adverse cardiac remodeling should be considered as
well as further studied.
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