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Background and aims: High remnant cholesterol is associated with cardiovascular disease (CVD), but
whether CVD risk attributable to remnant cholesterol vary between young and later adults remains
unknown. The study aimed to assess age differences in the association between remnant cholesterol and
CVD.
Methods: This prospective study included 95 663 participants without CVD and lipid-lowering treatment
at baseline, including 16 254 young adults (age 18e39 years) and 79 409 later adults (age �40 years).
Individuals were grouped by clinically meaningful remnant cholesterol concentrations of <0.50, 0.50
e0.99, 1.00e1.49, and �1.50 mmol/L. Multivariable Cox regressions were performed to calculate hazard
ratio (HR).
Results: During a median follow-up of 11.01 years, 164 incident CVD were identified in young adults, and
6081 cases in later adults. After multivariate adjustment, the association between remnant cholesterol
and CVD was more pronounced in young adults than later adults (P for interaction¼0.0019), the HR was
2.24 (95% confidence interval [CI], 1.45e3.47) for young individuals with remnant cholesterol
�1.50 mmol/L, compared to individuals with remnant cholesterol <0.50 mmol/L, while the corre-
sponding HR was 1.21 (95% CI, 1.13e1.29) for later adults. Furthermore, the population attributable risk
percentage for remnant cholesterol < 1.50 vs � 1.50 mmol/L was also higher in young (14.8%) than later
adults (4.2%).
Conclusions: Despite a lower incidence risk of CVD among young adults compared later adults, the
stronger association and greater attributable risk of remnant cholesterol among young adults highlight
the importance of preventive efforts across the adult life course.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Cardiovascular disease (CVD) is still the leading cause of mor-
tality, morbidity and disability worldwide, accounting for one third
of the overall mortality [1]. Identifying and managing risk factors
for CVD are effective and economic strategies for the primary
prevention of CVD [2]. Remnant cholesterol is the cholesterol
content of the triglyceride-rich lipoproteins (TRLs), which in the
fasting state comprise very-low-density lipoprotein and
intermediate-density lipoprotein, and these two lipoproteins
together with chylomicron remnants in the non-fasting state [3,4].
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TRLs and the remnant cholesterol carried in these particles have the
capacity to cross the arterial wall and are taken up by macrophages
and smooth muscle cells [5]. Since triglycerides (TGs), but not
cholesterol, can be easily metabolized in most cells, it has been
hypothesized that cholesterol, not TGs is the harmful component in
TRLs [6], accumulation in the arterial wall of the remnant choles-
terol may play a causal role in atherosclerosis development, similar
to low-density lipoprotein cholesterol (LDL-C) [7]. It thus may bring
more attention to the potential of preventing CVD in subjects with
high remnant cholesterol by focusing on the cholesterol content of
remnants, instead of on TGs content.

Indeed, the relationships between remnant cholesterol and
cardiovascular events have been confirmed in both observational
and genetic studies [7e12]. However, scarce information is avail-
able from Chinese prospective cohorts, because studies on the as-
sociations between remnant cholesterol with CVD have been
mainly conducted in north European and U.S. population samples
[7e12]. Furthermore, previous studies have identified that the
cardiovascular risk attributable to cholesterol may vary between
younger and older individuals, young adult (aged < 40 years) ex-
posures to elevated cholesterol was associated with increased CVD
risk [13,14]. Nevertheless, the potential age-specific nature of the
CVD risk associated with remnant cholesterol exposure has not
been fully quantified and explored by the present data. Therefore,
this study aimed to investigate the association of remnant choles-
terol with risk of CVD and its subtypes across young (18e39 years of
age) and later adults (�40 years of age) in a large community-based
Chinese cohort.

Material and methods

Study population

The Kailuan study is a prospective community-based cohort
study. The detailed study design and procedures have been
described previously [15,16]. At baseline of the study between June
2006 and October 2007, a total of 101 510 individuals with an age
ranging from 18 to 98 years were enrolled and have completed
questionnaires and health assessments every 2 years up to their
death or to the end of the follow-up on December 31, 2017. In the
present study, we excluded participants with missing data on lipids
(including total cholesterol, TG, LDL-C, and high-density lipoprotein
cholesterol, n¼1440), receiving lipid-lowering treatment (n¼958)
and those with a history of stroke or myocardial infarction (MI)
(n¼3449) at baseline. Ultimately, a total of 95 663 participants were
included in the study, of which 16 254 participants were young
adults (18e39 years of age), and 79 409 were later adults (�40
years of age) (Fig. S1). The study was performed according to the
guidelines of the Helsinki Declaration and was approved by the
Ethics Committee of Kailuan Hospital and Beijing Tiantan Hospital.

Laboratory measurements

Fasting blood samples were collected from antecubital vein after
an 8- to 12-h overnight fast and transferred to vacuum tubes con-
taining EDTA. All the biochemical parameters were measured using
Hitachi 747 auto-analyzer (Hitachi, Tokyo, Japan) in the central
laboratory of Kailuan Hospital. Serum total cholesterol and TGwere
measured using the enzymatic colorimetric method, high-density
lipoprotein cholesterol and LDL-C were measured by direct test
method with the inter-assay coefficient of variation <10% (Mind
Bioengineering Co.Ltd., Shanghai, China). LDL-C was calculated by
the Friedewald equation (total cholesterol �HDL cholesterol�TG/
2.2) when TGs were � 4 mmol/L (n¼90 160), otherwise LDL-C was
measured directly (n¼5503) [17]. Remnant cholesterol was
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calculated as total cholesterol minus LDL-C minus high-density li-
poprotein cholesterol.

Assessments of outcomes

The outcome in the present study was the first occurrence of
non-fatal CVD events. The types of CVD included stroke and MI. We
defined CVD events as described previously [15,16]. The database of
CVD diagnoses was obtained from the Municipal Social Insurance
Institution and Hospital Discharge Register and was updated
annually during the follow-up period. An expert panel collected
and reviewed annual discharge records from 11 Kailuan hospitals to
identify patients who were suspected of CVD. Incident stroke was
diagnosis based on neurological signs, clinical symptoms, and
neuroimaging tests, including computed tomography or magnetic
resonance, according to theWorld Health Organization criteria, and
classified into 3 types: cerebral infarction, cerebral hemorrhage,
and subarachnoid hemorrhage [18]. MI was diagnosed according to
the criteria of theWorld Health Organization on the basis of clinical
symptoms, changes in the serum concentrations of cardiac en-
zymes and biomarkers, and electrocardiographic results [16,19].

Assessment of covariates

Information on potential covariates was collected in 2006 and
updated biennially thereafter, as detailed elsewhere [15,16]. In
brief, sociodemographic characteristics, lifestyles, and clinical
characteristics were collected via a standard questionnaire,
including age, sex, education, income, smoking status, drinking
status, physical activity levels, and medical history. Educational
level was categorized as illiteracy or primary school, middle school,
and high school or above. Income level was categorized as < 800
RMB/month and �800 RMB/month. Smoking and drinking status
stratified into three levels: never, former, or current. Active physical
activity was defined as more than 4 times per week and >20 min at
a time. Body mass index was calculated by dividing body weight
(kg) by the square of height (m). Blood pressure was measured in
the seated position using a mercury sphygmomanometer, systolic
blood pressure and diastolic blood pressure was calculated as the
three average of three measurements. All the blood samples were
analyzed using an auto-analyzer (Hitachi 747, Hitachi, Tokyo, Japan)
on the day of the blood draw. The biochemical indicators tested
included fasting blood glucose, serum lipids, serum creatinine, and
high-sensitivity C-reactive protein. Estimated glomerular filtration
rate (eGFR) was calculated by the Chronic Kidney Disease Epide-
miology Collaboration creatinine equation [20]. Hypertension was
defined as systolic blood pressure �140 mm Hg or diastolic blood
pressure �90 mm Hg, any use of the antihypertensive drug, or self-
reported history of hypertension. Diabetes was defined as fasting
blood glucose �7.0 mmol/l, any use of glucose-lowering drugs, or
any self-reported history of diabetes. Dyslipidemia was defined as
total cholesterol�5.17mmol/l, or any self-reported history or use of
lipid-lowering drugs.

Statistical analysis

Young and later adults were divided into four categories based
on remnant cholesterol concentrations using clinically meaningful
cut-point values of <0.50 mmol/L, 0.50e0.99 mmol/L,
1.00e1.49 mmol/L, and � 1.50 mmol/L in reference to the relevant
literature, separately [21]. Continuous variables were described as
mean ± standard deviation and were compared with analysis of
variance, categorical variables were described as frequency with
percentage and were compared with chi-square test. The person-
year was determined from the date when the message was
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collect in the baseline survey (2006) to either the date of CVD onset,
death, or end of the follow-up (December 31, 2017), which came
first. The incidence rate was calculated by dividing the number of
incident cases by the total follow-up duration (person-years).

The multivariable-adjusted hazard ratios (HRs) and 95% confi-
dence interval (CIs) for CVD, stroke, and MI among young and later
adults were determined by Cox proportional hazards regression
models. Model 1 was adjusted for age and sex, Model 2 was further
adjusted for body mass index, systolic blood pressure, diastolic
blood pressure, education, income, smoking status, drinking status,
physical activity, a history of hypertension, diabetes mellitus, and
dyslipidemia, antihypertensive drugs, antidiabetic drugs, and high-
sensitivity C-reactive protein. Proportion hazards assumption was
satisfied by checking the Schoenfeld residual methods. P-values for
trend were computed using remnant cholesterol categories as
ordinal variables. The interaction between age and remnant
cholesterol was also evaluated by Cox regression models. We also
calculated the population attributable risk percentage (PAR%)
[22,23] - an estimate of the percentage of incident CVD in this
population during follow-up that hypothetically would not have
occurred if all participants had been in the group of remnant
cholesterol < 1.5 mmol/L, following a method previously suggested
by Wacholder et al. [24] In addition, we used restricted cubic
splines to examine the shape of the remnant cholesterol and out-
comes with 5 knots (at the 5th, 25th, 50th, 75th, and 95th per-
centiles). The reference point for remnant cholesterol was
0.50 mmol/L, and the HR was adjusted for all the confounding
variables above-mentioned.

To test the robustness of our findings, several sensitivity ana-
lyses were performed. First, competing risk model was applied to
assess the association between remnant cholesterol and the out-
comes considering non-CVD death as a competing risk event.
Second, we excluded participants who used lipid-lowering agents
during the follow-up. Third, to explore the potential impact of
reverse causality, we excluded the outcome events that occurred
within the first 2 years of the follow-up period. Forth, we examined
whether LDL-C measurement method influenced the degree of
association between remnant cholesterol and CVD. Moreover, to
know the influence of more advanced age, the later adults were
further divided into 2 groups by 65 years. We also examined the
association between remnant cholesterol with the study outcomes
among prespecified subgroup based on BMI, smoking status,
drinking status, hypertension, diabetes, and dyslipidemia.

All analyses were performed using SAS version 9.4 (SAS Insti-
tute, Cary, North Carolina) and R software version 3.6.1 (R Core
Team, Vienna, Austria). All statistical tests were 2-sided, and
P < 0.05 was considered statistically significant.
Results

Baseline characteristics

Among the 95 663 eligible participants, 16 204 (16.99%) par-
ticipants were aged from 18 to 39, and 79 409 participants were
aged � 40 years. Baseline characteristics according to remnant
cholesterol categories are presented in Table 1. There were signifi-
cant difference among the four remnant cholesterol categories in
age, sex, education, income, body mass index, systolic blood pres-
sure, diastolic blood pressure, smoking, drinking, physical activity,
diabetes, dyslipidemia, antidiabetic agents, fasting blood glucose,
total cholesterol, TG, high-density lipoprotein cholesterol, LDL-C,
high-sensitivity C-reactive protein in both young and later adults.
20
Association between remnant cholesterol and the outcomes

During a median follow-up of 11.01 years (interquartile rage:
10.67e11.20), there were 164 incident cases of CVD (including 127
cases of stroke and 38 cases of MI) for young adults, and 6081
incident CVD (including 4832 stroke and 1398 MI) for participants
later adults. The detailed number of CVD across the four remnant
cholesterol is shown in Table 2. Participants with remnant choles-
terol � 1.50 mmol/L had the highest incidence rate of CVD, which
was 1.60 (95% CI, 1.23e2.07) for young adults, and 8.26 (95% CI,
7.92e8.62) for later adults.

After multivariate adjustment, the risk of CVD was step-wise
increased with elevated remnant cholesterol in both young and
later adults (P for trend <0.0001). There was a significant interac-
tion between age and remnant cholesterol on the risk of CVD (P for
interaction¼0.0019), the effect of remnant cholesterol on CVD
appeared to be more pronounced among young adults than later
adults. Young adults with remnant cholesterol � 1.50 mmol/L had
2.24-fold (HR, 2.24; 95% CI, 1.45e3.47) higher risk of CVD compared
to those with remnant cholesterol < 0.50 mmol/L, whereas the
corresponding HR was 1.21 (95% CI, 1.13e1.29) for later adults
(Fig. 1A). The PAR% (95% CI) of CVD in relation to high remnant
cholesterol (�1.50 mmol/L) was 14.8% (1.8%e27.2%) for young
adults, and 4.2% (2.7%e5.7%) for later adults (Table 3).
Multivariable-adjusted spline regression models showed an S-
shaped association between remnant cholesterol and the risk of
CVD (Fig. 2A).

In the subtype analyses of CVD, similar results were yielded for
stroke and MI, with higher HRs and PAR% presented in young than
later adults (Table S1, Table 3, Fig. 1B-C, and Fig. 2B-C). However, the
interaction between age and remnant cholesterol on the risk of MI
was not statistically significant, which could be limited by the
relatively small sample size of cases. The sensitivity analyses with
competing risk model (Table S2), excluding participants taking
lipid-lowering agents during the follow-up (n¼1 024, Table S3),
excluding the outcome events occurred within the first 2 years of
the follow-up period (n¼1 475, Table S4), and LDL-C measurement
with different method (Table S5), all generated similar findings
with the primary analysis. When the later adults were further
divided into 2 groups by 65 years, there remained a significant
interaction between age and remnant cholesterol in relation to the
risk of CVD (P for interaction¼0.0267), participants aged<65 years
(HR, 2.33; 95 CI,1.49e3.64 for participants aged<40 years; HR,1.19;
95% CI, 1.10e1.29 for participants aged 40e64 years) had a higher
risk of CVD than those aged over 65 years (HR, 1.14; 95% CI,
1.00e1.29) (Table S6). Subgroup analyses showed the association
between remnant cholesterol and the risk of CVD were consistent
across different subgroups (P for interaction>0.05 for all, Table S7).

Discussion

In this observational cohort of 95 663 Chinese individuals, we
found that remnant cholesterol was associated with a stepwise
increase in the risk of CVD. Notably, there was a significant inter-
action between age and remnant cholesterol on the risk of CVD, the
association between remnant cholesterol and CVD was more pro-
nounced in young adults than later adults. Similar patterns were
observed for stroke and MI. The trend remained robust among
multiple sensitivity analyses and the stratified analyses. These
findings suggest that individuals, especially young adults with high
remnant cholesterol warrant particular vigilance for the develop-
ment of future CVD.

In line with the present results, previous studies have found
associations between higher TG concentrations and higher risk of
CVD [25]. High TGs are a marker of high remnant cholesterol



Table 1
Baseline characteristics according to remnant cholesterol (mmol/L) in young and later adults.

Characteristics Age < 40 years Age � 40 years

<0.50
(n¼5679)

0.50e0.99
(n¼4285)<

1.00e1.49
(n¼2997)

�1.50
(n¼3293)

P value <0.50
(n¼19843)

0.50e0.99
(n¼18488)

1.00e1.49
(n¼15733)

�1.50
(n¼25345)

P value

Age, years 31.89 ± 5.26 32.01 ± 5.34 32.56 ± 5.01 33.40 ± 4.89 <0.0001 55.47 ± 9.99 55.28 ± 9.72 55.56 ± 10.14 55.15 ± 9.35 0.0001
Men, n (%) 4203 (74.01) 3292 (76.83) 2150 (71.74) 2463 (74.80) <0.0001 16662 (83.97) 15223 (82.34) 12446 (79.11) 19698 (77.72) <0.0001
High school or above,

n (%)
2908 (51.39) 2130 (49.92) 1338 (44.85) 1266 (38.68) <0.0001 2777 (14.58) 2614 (14.47) 2263 (14.98) 3219 (13.45) 0.0001

Income >800 RMB/
m, n (%)

1162 (20.53) 881 (20.67) 588 (19.70) 538 (16.43) <0.0001 2247 (11.81) 2371 (13.13) 2126 (14.08) 3112 (13.02) <0.0001

BMI, kg/m2 24.20 ± 3.74 24.67 ± 3.84 24.55 ± 3.83 25.24 ± 3.93 <0.0001 24.74 ± 3.30 25.23 ± 3.40 25.09 ± 3.50 25.26 ± 3.42 <0.0001
SBP, mm Hg 118.44 ± 15.30 118.82 ± 15.32 118.25 ± 15.94 120.51 ± 16.06 <0.0001 133.47 ± 21.01 133.98 ± 21.41 132.02 ± 21.10 132.39 ± 20.60 <0.0001
DBP, mm Hg 78.13 ± 10.34 78.66 ± 10.42 78.54 ± 10.70 80.02 ± 11.11 <0.0001 84.47 ± 11.62 84.95 ± 11.87 83.72 ± 11.88 84.06 ± 11.65 <0.0001
Current smoker, n

(%)
1950 (34.42) 1702 (39.82) 1108 (37.06) 1209 (36.83) <0.0001 6676 (34.88) 6904 (37.86) 5165 (33.56) 7105 (29.46) <0.0001

Current alcohol use,
n (%)

2578 (45.52) 2161 (50.56) 1405 (47.01) 1456 (44.34) <0.0001 6941 (36.24) 6973 (38.22) 5559 (36.10) 7708 (31.95) <0.0001

Active physical
activity, n (%)

4943 (87.36) 3763 (88.23) 2697 (90.41) 2956 (90.26) <0.0001 17132 (90.23) 16375 (90.72) 13944 (92.40) 22321 (93.68) <0.0001

Hypertension, n (%) 11 (0.19) 12 (0.28) 7 (0.23) 10 (0.30) 0.7291 536 (2.70) 590 (3.19) 523 (3.32) 851 (3.36) 0.0004
Diabetes Mellitus, n

(%)
113 (1.99) 99 (2.31) 92 (3.07) 93 (2.82) 0.0069 2202 (11.10) 2529 (13.68) 2120 (13.47) 3252 (12.83) <0.0001

Dyslipidemia, n (%) 49 (0.86) 63 (1.47) 51 (1.70) 54 (1.64) 0.0014 759 (3.82) 934 (5.05) 809 (5.14) 1628 (6.42) <0.0001
Antihypertensive

agents, n (%)
9 (0.16) 9 (0.21) 4 (0.13) 8 (0.24) 0.7068 410 (2.07) 436 (2.36) 387 (2.46) 649 (2.56) 0.006

Antidiabetic agents,
n (%)

94 (1.65) 78 (1.82) 75 (2.50) 72 (2.19) 0.0345 1859 (9.37) 2179 (11.79) 1806 (11.48) 2832 (11.17) <0.0001

FBG, mmol/L 5.08 ± 0.96 5.07 ± 0.94 5.11 ± 0.98 5.22 ± 1.22 <0.0001 5.48 ± 1.57 5.49 ± 1.66 5.53 ± 1.69 5.62 ± 1.96 <0.0001
TC, mmol/L 4.06 ± 0.98 4.62 ± 0.77 4.88 ± 0.73 5.63 ± 1.13 <0.0001 4.27 ± 1.19 4.90 ± 0.87 4.99 ± 0.80 5.63 ± 1.10 <0.0001
TG, mmol/L 1.34 ± 1.25 1.40 ± 0.92 1.57 ± 1.08 2.10 ± 1.85 <0.0001 1.46 ± 1.30 1.43 ± 0.80 1.66 ± 1.05 2.07 ± 1.75 <0.0001
HDL-C, mmol/L 1.48 ± 0.36 1.48 ± 0.31 1.49 ± 0.32 1.44 ± 0.34 <0.0001 1.59 ± 0.43 1.58 ± 0.39 1.59 ± 0.41 1.51 ± 0.41 <0.0001
LDL-C, mmol/L 2.66 ± 0.71 2.40 ± 0.70 2.16 ± 0.65 2.04 ± 0.72 <0.0001 2.87 ± 0.94 2.58 ± 0.85 2.16 ± 0.73 1.85 ± 0.84 <0.0001
Hs-CRP, mg/dL 1.53 ± 4.04 1.66 ± 4.54 1.79 ± 4.55 2.05 ± 5.24 <0.0001 2.26 ± 5.81 2.14 ± 6.80 2.07 ± 4.96 3.24 ± 7.90 <0.0001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-
sensitivity C-reactive protein; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.

Table 2
Association between remnant cholesterol and cardiovascular disease in young and later adults.

Outcomes Remnant cholesterol, mmol/L Per 1 mmol/L increase P for trend Pinteraction

<0.50 0.50e0.99 1.00e1.49 �1.50

Age<40 years

Case, n (%) 33(0.58) 39(0.91) 35(1.17) 57(1.73)
Incidence rate, per 1000 person-y 0.53(0.38e0.75) 0.84(0.61e1.15) 1.08(0.77e1.50) 1.60(1.23e2.07)
Model 1 Reference 1.49(0.94e2.37) 1.91(1.18e3.07) 2.48(1.61e3.81) 1.26(1.12e1.41) <0.0001 0.0004
Model 2 Reference 1.46(0.92e2.33) 1.85(1.14e2.99) 2.24(1.45e3.47) 1.23(1.09e1.39) <0.0001 0.0019
Age�40 years
Case, n (%) 1454(7.33) 1351(7.31) 1131(7.19) 2145(8.46)
Incidence rate, per 1000 person-y 7.18(6.82e7.56) 7.14(6.76e7.53) 6.99(6.60e7.41) 8.26(7.92e8.62)
Model 1 Reference 1.01(0.94e1.09) 0.99(0.92e1.07) 1.22(1.14e1.30) 1.06(1.04e1.08) <0.0001
Model 2 Reference 0.98(0.91e1.06) 1.00(0.92e1.08) 1.21(1.13e1.29) 1.06(1.03e1.09) <0.0001

Model 1: adjusted for age and sex.
Model 2: further adjusted for bodymass index, systolic blood pressure, diastolic blood pressure, education, income, smoking status, drinking status, physical activity, a history
of hypertension, diabetes mellitus, and dyslipidemia, antihypertensive drugs, antidiabetic drugs, fasting blood glucose, and high sensitivity C-reactive protein.
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concentrations, and the two are highly correlated, both as a result of
the way we calculate remnant cholesterol are components of the
same TRLs, chylomicron remnants, very low density lipoprotein,
and intermediate density lipoprotein [3,4]. Results and conclusions
from this study would therefore be similar if TG were studied
instead of remnant cholesterol; however, given that it most likely is
the cholesterol content of remnants that accumulates in athero-
sclerotic plaques, and not the TG, it is more clinically relevant to
focus on remnant cholesterol. Also, because all cells can degrade
TG, and TG per se probably do not cause atherosclerosis [6], there
has been a tendency to disregard high TGs as an important risk
factor for CVD. By focusing on the cholesterol content of remnants,
21
instead of on the highly correlated TG content, this will hopefully
bring more attention to the potential of preventing cardiovascular
disease in individuals with high remnant cholesterol (and TG)
concentrations [5,7,9].

Several epidemiology and genetic studies have sought to
investigate the association between calculated remnant cholesterol
and CVD. Findings from the Copenhagen General Population Study
and the Copenhagen City Heart Study showed that non-fasting
calculated remnant cholesterol was associated with gradually
increased risk of atherosclerotic cardiovascular disease, ischemic
heart disease, MI, ischemic stroke, and all-causemortality in Danish
population [4,9,12,21,26e28]. The Jackson Heart and Framingham



Fig. 1. Adjusted hazard ratio and 95% confidence interval for the association of remnant cholesterol with risk of cardiovascular disease, stroke and myocardial infarction.
Adjusted for age, sex, body mass index, systolic blood pressure, diastolic blood pressure, education, income, smoking status, drinking status, physical activity, a history of hy-
pertension, diabetes mellitus, and dyslipidemia, antihypertensive drugs, antidiabetic drugs, and high sensitivity C
-reactive protein.
AbbreviationsCI, confidence interval.

Table 3
PAR% and 95% confidence interval for CVD, stroke, and MI by remnant cholesterol of
<1.50 vs. �1.50 mmol/L.

Outcomes Age<40 years Age�40 years

Model 1 Model 2 Model 1 Model 2

CVD 15.4 (3.5e26.9) 14.8(1.8e27.2) 4.4(2.9e5.8) 4.2(2.7e5.7)
Stroke 13.3(0.1e26.0) 12.5(0.0e25.9) 3.8(2.2e5.3) 3.8(2.2e5.4)
MI 21.1(0.0e44.5) 20.2(5.8e33.8) 6.7(3.4e10.0) 5.4(1.8e9.0)

Abbreviations: CVD, cardiovascular disease; MI, myocardial infarction; PAR%, pop-
ulation attributable risk percentage.
Model 1: adjusted for age and sex.
Model 2: further adjusted for body mass index, systolic blood pressure, diastolic
blood pressure, education, income, smoking status, drinking status, physical activity,
a history of hypertension, diabetes mellitus, and dyslipidemia, antihypertensive
drugs, antidiabetic drugs, and high sensitivity C-reactive protein.
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Offspring Cohort studies found that remnant lipoproteins, which
was strongly correlated to remnant cholesterol with an R [2] of 0.73,
were predictive of incident coronary heart disease in primary
prevention subjects in U.S. population [10]. The Atherosclerosis
Risk In Communities study revealed that remnant-like particle
cholesterol levels were predictive of CVD and associated with APOE
variants [11]. Recently, a nested case-control study of 4662 in-
dividuals from the China Kadorrie Biobank demonstrated that
remnant cholesterol concentrations (measured by nuclear mag-
netic resonance spectroscopy) were associated with 1.27-fold
increased risk of MI and 1.20-fold increase risk of ischemic stroke
[29]. As mentioned above, there is a lack of prospective studies
Fig. 2. HRs and 95% CIs for the association between remnant cholesterol with risk of card
regression with 5 knots with placed at the 5th, 25th, 50th, 75th, and 95th percentiles of re
The red line and area represented HR (95% CI) in young adults and blue line and area repr
Adjusted for age, sex, body mass index, systolic blood pressure, diastolic blood pressure,
pertension, diabetes mellitus, and dyslipidemia, antihypertensive drugs, antidiabetic drugs,
Abbreviations: HR, hazard ratio; CI, confidence interval.. (For interpretation of the reference
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comprehensively evaluating the relation of remnant cholesterol
with incident CVD in Chinese population, which may have impor-
tant clinical and public health implications.

It is noteworthy that the risk of CVD may attributable to
cholesterol may vary between young and later adults. Pooled data
from 6 U S. cohorts with observations spanning the life course from
young to later life, the results showed that young adult exposures to
elevated of serum LDL-C were stronger associated with CVD risks
than later adult exposure [14]. Similarly, another Coronary Artery
Risk Development in Young Adults study revealed that accumu-
lated LDL-C at a younger age, comparedwith older age, resulted in a
greater risk increase in CVD [30]. Although the different associa-
tions between LDL-C and CVD across age groups have been estab-
lished, to our knowledge, relevant literature on effect of TRLs on
CVD in young and later adults was insufficient. Copenhagen City
Heart Study found that the associations between TGs and MI,
ischemic heart disease, and death were more pronounced in in-
dividuals with age < 55 years vs older than 55 years [3]. Another
multicenter case-control study conducted in Vienna focused on
young individuals (�40 years), the results showed that remnant
cholesterol was strongly with premature MI [31]. In line with the
findings, our analysis found that the risk of CVD was higher in
young adults than later adults in the same remnant cholesterol
categories, our finding extends these previous reports by quanti-
fying a more contributable role of remnant cholesterol in the
development of CVD in young adults, which makes the present
findings novel.

The stronger association between remnant cholesterol and CVD
iovascular disease, stroke, and myocardial infarction by using restricted cubic spline
mnant cholesterol.
esented HR (95% CI) in later adults.
education, income, smoking status, drinking status, physical activity, a history of hy-
and high sensitivity C-reactive protein.
s to color in this figure legend, the reader is referred to the Web version of this article.)
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in young adults than later adults is likely explained by the relatively
high heritability of cholesterol, particularly in young adults [32,33].
Exposure to high remnant cholesterol in young adults is more likely
driven by genetically determinants, and generically determined
remnant cholesterol is an important cause of atherosclerosis early
in life; whereas, in the elderly, pathologic process of atherosclerosis
may be affected by some other dominant risk factors beyond
cholesterol, such as blood pressure, blood glucose [34,35]. In
addition, participants were more likely to be started on lipid-
lowering medications as they grew older, the higher prevalence
of lipid medication in later adults may have also contributed to the
attenuated association between remnant cholesterol and CVD.
However, when restricting our analysis to participants who never
used lipid-lowering medications at baseline and during the follow-
up period, we observed a similar pattern of associations. Consid-
ering the prevalence of dyslipidemia in young adults is relative high
[36,37], our study together with these findings suggest that
focusing on prevention of CVD in young adults is of growing
importance in modern preventive cardiology.

The increased risk of CVD associated with remnant cholesterol
could be attributed to the mechanisms related not only to athero-
sclerotic plaque formation but also to local inflammation. Remnant
cholesterol can cause atherosclerosis by accumulation in the arte-
rial wall, either directly in the cerebral vessels or in more distant
vessels like the carotid artery or in the heart, where from blood
clots can cause an embolism to the cerebral and cardiovascular
arteries [21,38,39]. In addition, both observational and genetic
studies have indicated the causal association between remnant
cholesterol and low-grade inflammation, another hallmark of the
atherosclerotic lesion [7,40]. High remnant cholesterol from the
hydrolysis of TRLs could also induce the production of cytokines
(tumor necrosis factor-a), interleukins, and pro-atherogenic adhe-
sion molecules activating inflammation and the coagulation
cascade through plasminogen activator inhibitor 1 [41,42]. All these
processed may lead to plaque rupture and consequently result in
the occurrence of CVD.

Our study has several strengths. The study was conducted in a
large prospective community cohort with a high retention and
standardized data collection protocols, which avoided bias in self-
reported data. Furthermore, we evaluated the different effect of
remnant cholesterol on CVD between young and later adults. The
present study also has several potential limitations. Firstly, we did
not measure remnant cholesterol directly, the indirect calculation
of remnant cholesterol might have overestimated its value in
comparison to direct measurement. However, the calculated
remnant cholesterol is an affordable and inexpensive method that
could provide valuable data for clinical management, and it is
therefore widely available [4,9,21,26,28]. Secondly, because our
study was observational, the causal relation of remnant cholesterol
with CVD in young and later adults should be verified in further
studies. Finally, although we have adjusted for all the potential
covariates, we cannot exclude the possibility of residual or un-
measured confounding given the observational study design of the
present analysis.

Conclusions

In conclusion, our study found that high remnant cholesterol
was associated with increased risk of CVD in Chinese adults, and
the association was stronger in young adults. The findings indicate
that individuals with a higher remnant cholesterol level warrant
particular vigilance in terms of subsequent risk of CVD. More future
studies are needed to examine the potential benefit of remnant
cholesterol lowering in individuals with elevated levels, especially
in young adults.
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