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Abstract
Background

Previous studies, in which the data were collected about half a century ago, suggested that elevated low density lipoprotein cholesterol (LDL-C) is not
associated with increased risk of cardiovascular disease (CVD) in patients over 70 years old. However, what is the relationship between LDL-C and CVD
risk in a contemporary population aged over 70 years has not been well examined in China.

Methods

The China Health and Retirement Longitudinal Study (CHARLS) is an ongoing nationally representative study. In this analysis, participants of CHARLS
who did not taking statins and did not have heart disease and stroke at 2011 were include and were followed up to 2018. The outcome of this analysis
was occurrence of CVD at follow up, which include heart disease and stroke. Cox regression was used to assess the harmful effect of LDL-C on CVD
occurrence. We calculated e-values to quantify the effect of unmeasured confounding on our results.

Results

Of the 9,631 participants, 15.2% (N=1,463) were aged over 70 years and 52.5% (N=5,060) were female. During the 7 years follow-up, 1,437 participants
had a �rst CVD attack. Risk of CVD occurrence increased 8% with each 10 mg/mL elevation in LDL-C in whole participants (adjusted HR, 1.08; 95% CI,
1.06-1.10) and age groups of ≥70 years, 60-69years and <60 years. Similar results were observed in subgroup analyses, in which participants were
strati�ed by sex, hypertension, diabetes and chronic kidney disease. According to the restricted cubic spline, we noted a U-shaped relationship between
LDL-C and risk of CVD occurrence in group over 70 years old, however, we further found that in the left side of U-shape curve, LDL-C was not associated
with occurrence of CVD and its attribution to CVD occurrence was only 2.1%, which indicated that lower level of LDL-C could not increase the risk of CVD
occurrence as it was demonstrated by a U-shape association. E-value analysis suggested robustness to unmeasured confounding.

Conclusions

In contemporary society of China, elevated the level of LDL-C also increased the risk of CVD in participants over 70 years old as in the relatively younger
participants. These results should strengthen guideline recommendations for the use of lipid lowering therapies in those elderly.

Introduction
A large number of epidemiological and clinical studies indicate that arteriosclerotic cardiovascular disease (ASCVD) is currently the leading fatal and
disabling disease that endangers human health. The latest report in China shows that the prevalence of cardiovascular disease (CVD) in China is on a
continuous rise.[1] It is estimated that there are 330 million people suffering from CVD and its mortality ranks the �rst. Evidence from genetic studies,
animal studies, population-based cohort study and randomized clinical trial, all indicated that LDL-C play a crucial role in CVD occurrence and
development. [2,3] At present, most lipid guidelines regard LDL-C as the primary indicator for assessing ASCVD risk and target for intervention. [4-6]

However, several prospective studies have shown that the elevated LDL-C and total cholesterol (TC) appear to be less important risk factors for CVD in
people over 70 years old as they were in younger people. [7-9] In some studies, the association of increased cholesterol with clinical events even
disappeared in individuals over 70 years. [10,11] However, most of these studies were conducted in the historical cohorts in which the analyzed data were
collected about half a century ago. Further, the clinical bene�t from LDL-C lowering in older patients remains debated because participants aged 70 years
or older were not well represented in individual trials. [12,13] Therefore, guidelines have generally not recommended management of LDL-C with statins in
individuals older than 75 years. [6]

In the past few decades, with the substantial changes of living environment, the risk factors for CVD have also changed, [14-16] eg, a study showed that
attribution of general obesity for CVD events was very low in1991, however it increased signi�cantly since that time [14] and the prevalence of high LDL-C
is also increasing in China. [17,18] Therefore, whether LDL-C is associated with increased risk of CVD occurrence in people over 70 years old in China is
deserved to investigated. A most recent study performed in Copenhagen General Population has demonstrated that higher LDL-C is associated with
greatly increased absolute risk of myocardial infarction in people aged 70-100 years, which also provided the basis for us to perform this analysis. [19]

Currently, the general population has experienced an increase in life span, [20,21] this will lead to a rapid increase of the absolute number in old people,
the projected annual CVD events would increase by >50% between 2010 and 2030 in China, mostly in people aged 65-84 years. [22,23] Together,
understanding the in�uence of elevated LDL-C on CVD occurrence in people over 70 years in the current era is important for prevention and treatment of
CVD. Therefore, the aim of this study is to assess whether elevated LDL-C were associated with increased risk of CVD occurrence in individuals over 70
years in China.

Methods
Study design and participants

The China Health and Retirement Longitudinal Study (CHARLS) is a nationally population-based representative prospective study of Chinese adults aged
≥ 45 years. The CHARLS is designed to describe the dynamics of retirement and its impact on health, health insurance, and economic well-being. The
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baseline survey was conducted in 2011-2012 among 17,708 participants in 10,257 households were recruited from 150 counties of China’s 28 provinces,
using the multistage strati�ed probability-proportional-to-size sampling technique. [24] All participants underwent an assessment using a standardized
questionnaire to collect data on socioeconomic status, life style factors and health-related information. All participants were followed up every 2 years
after the baseline survey.

The CHARLS data are available for the baseline survey in 2011-2012 (wave 1), the �rst follow-up survey in 2013-2014 (wave 2), the second follow-up
survey in 2015-2016 (wave 3), and the third follow-up survey in 2018-2019 (wave 4). We excluded individuals with preexisting cardiovascular disease
(de�ned as known previous heart disease or stroke), or statin use at baseline. Our �nal sample size was 9,631 participants. The CHARLS study was
approved by the ethical review committee of Peking University and all participants provided written informed consent.

Outcome Ascertainment

The study outcome was incident CVD. Incident CVD was based on self-reported physician’s diagnosis following standardized questions: “Has a doctor
ever told you that you had any heart disease [myocardial infarction, coronary heart disease, angina, congestive heart failure, or other heart problems] or
“Has a doctor ever told you that you have been diagnosed with a stroke?” Participants who reported heart disease or stroke during the follow-up period
were de�ned as having incident CVD. The date of CVD diagnosis was recorded as being between the date of the last interview and that of the interview
reporting an incident CVD.

Determination of lipid pro�le

Serum samples were collected after an overnight fast and stored at -80℃ until analysis. Biochemical analyses were performed at the Youanmen Center
for Clinical Laboratory of Capital Medical University. This laboratory has a regular external quality assessment organized by the Chinese Ministry of
Health. [25] Serum total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) were
measured by an enzymatic colorimetric test. Blood glucose was measured by the glucose oxidase method. Glycosylated hemoglobin (HbA1c) was
measured by the a�nity high performance liquid chromatography (HPLC) method.

Covariates

At baseline, trained interviewers collected information on social and demographic characteristics and health-related factors using a standard
questionnaire, including age, sex (male, female), living residence (rural, urban), marital status (married and other marital status), education level (primary
school and below, middle school and above). Self-reported health behaviors included smoking status (never, former, and current smoker), frequency of
alcohol consumption in the past year (never, less than once a month, and more than once a month), self-reported physician-diagnosed chronic diseases
(diabetes, hypertension, dyslipidemia, and chronic kidney disease), and use of prescribed medications for diabetes, hypertension. Height, weight, and
blood pressure were measured by a trained nurse. Body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height
in meters.[26]

De�nition and calculation

Hypertension was de�ned as systolic blood pressure (SBP) ≥140 mmHg and / or diastolic blood pressure (DBP) ≥90 mmHg or current use of the
antihypertensive medication or self-reported history of hypertension. Diabetes was de�ned as fasting plasma glucose≥126 mg/dL or current use of
antidiabetic medication or self-reported history of diabetes. Chronic kidney disease was de�ned as estimated glomerular �ltration rate <60 mL/min/1.73
m2 or self-reported history of chronic kidney disease. The estimated glomerular �ltration rate(eGFR) was calculated using the CKD- EPI equation.[27]
Participants attributable risk percent (PARP)= (It - I0)/It× 100%, It: incidence of CVD in the participants over 70 years old strati�ed by LDL-C, I0: incidence of
CVD in participants below the median group of LDL-C.

Statistics

Data were described as means and SDs for normally distributed continuous variables, and as medians and interquartile ranges for nonnormally
distributed continuous variables. Frequency with percentage was used to describe categorical variables. Differences in baseline characteristics of the
participants by age were evaluated by chi-square, analysis of variance, or Kruskal-Wallis tests, as appropriate.

Cox proportional hazards models were used to assess the association between elevated LDL-C and risk of CVD, in which the demographic characteristics
(age, sex, rural residence, married, educational level), behavioral factors (smoking status, drinking status), history of disease and medication (history of
comorbidities, history of medication use) and metabolism related status (SBP, DBP, BMI, FPG, HbA1c, TC, TG, HDL-C, eGFR and hs-CRP) were adjusted.
These missing data of these covariates were inserted with multiple imputation. We tested the Cox proportional hazard assumption visually for covariates
using Shoenfeld residuals and found no violations. In addition, we explored the potential nonlinear associations using 3-knotted restricted cubic spline
regression.

Subgroup analyses were conducted in the participants with: sex, hypertension, diabetes, chronic kidney disease. In sensitivity analyses, a simpler E-value
technique was used in this study to analysis the potential impact of unmeasured confounding in the association of LDL-C and CVD. The 2-sided
signi�cance level was set at p < 0.05. All statistical analyses were performed using the SPSS 25 software and Stata/SE 15.1.
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Results
Baseline characteristics of participants

Among the 17,708 participants of the CHARLS study, 9,631 were included in this analysis after excluding participants with heart disease, stroke, statin
use at baseline, missing data on LDL-C and those who were lost during the 7-year follow-up (Figure 1). Baseline characteristics of the all participants
strati�ed by age are shown in Table 1. The mean age of the participants was 58.7±9.8 years old. The distribution of age for over 70 years were 1,463
(15.2%), 60-69 years were 2,584 (26.8%), less than 60 years were 5,584 (58.0%), respectively. Among the participants, 5,060(52.5%) were female. The
serum level of LDL-C, HDL-C, hs-CRP and SBP are higher in the older group, meanwhile the BMI, TG and eGFR is lower (P<0.001).

Association of LDL-C and occurrence of CVD

During follow up of 7 years, 1,437 participants experienced incident CVD (heart disease: 1,075 cases; stroke: 362 cases). After adjusting for potential
confounders, risk of occurrence of CVD was 8.0% increased with per 10 mg/mL increase of LDL-C in whole participants (HR 1.08, 95% CI 1.06-1.10) and
the association were also observed in all age groups (Figure 2). When considering the individual types of CVD, elevated LDL-C was associated with
occurrence of heart disease (HR 1.07, 95% CI 1.06-1.09) and stroke (HR 1.10, 95% CI 1.07-1.13) in the all participants and in all age groups (Figure 2).

In order to eliminate the in�uence of some factors on the association between LDL-C and CVD, we strati�ed the participants into subgroups by the
potential in�uence factors. Similar results were demonstrated in different subgroups (Table 2).

U-shape association between LDL-C for risk of CVD occurrence

To examine whether there is an optimal range of LDL-C, in which the risk of CVD occurrence is the lowest, a multivariable regression analysis with
restricted cubic spline were conducted. We found a U-shape association between the level of LDL-C and risk of CVD occurrence in group ≥ 70 years. The
level of LDL-C associated with the lowest risk of CVD in multivariable adjusted analyses was 2.8 mmol/L (110 mg/dL). Whereas, they were both linear
and positive association in the groups of aged 60-69 years and <60 years (Figure 3). Similar curves were observed for the associations of the LDL-C with
incident heart disease and stroke, respectively, in the group ≥ 70 years. (eFigure 1 and 2 in the Supplement).

Possible reasons for the U-shape association between levels of LDL-C and CVD occurrence in the participants over 70 years old

Since we had demonstrated a U-shape association between levels of LDL-C and CVD occurrence in participants over 70 years old, to critically assess
whether the lower level of LDL-C increased risk of CVD occurrence, we divided the participants over 70 years old into 2 groups by the LDL-C
level(110mg/dL), which corresponding to the lowest CVD risk. The baseline characteristics of participants with LDL-C level<110mg/dL or ≥110mg/dL are
shown in eTable1. After adjusting for potential confounders, in the group of LDL-C <110mg/dL, occurrence of CVD was not associated with LDL-C (HR
1.02, 95% CI 0.86-1.22) (Table3), but was associated with history of dyslipidemia, drinking and increased DBP. However, in the group of LDL-C
≥110mg/dL, elevated LDL-C was associated with occurrence of CVD (HR 1.13, 95% CI 1.08-1.19) (Table3). To further assess the contribution of LDL-C to
the occurrence of CVD, we calculated the PARP in the participants over 70 years old (eTable 2). The PARP was 2.1% for the group of LDL-C <110mg/dL
and 14.5% for the group of LDL-C ≥110mg/dL.

E-value assessment

Sensitivity analysis was conducted to assess the robustness of the association to unmeasured confounding. The E-value for the observed point-estimate
of LDL-C and CVD for all participants (HR 1.08[95% CI 1.06, 1.10]) and over 70 years old (HR 1.08 [95% CI 1.05, 1.12]) was 1.37, 1.38, respectively. The
observed increased incidence of CVD with an increase of LDL-C in all participants and over 70 years old could be explained away by unmeasured
confounding that was associated with LDL-C and CVD by an HR of 1.37 and 1.38, above and beyond the measured confounders, but not by weaker
confounding. The corresponding CI could be moved to include the null by an unmeasured confounder that was associated with both LDL-C and CVD by
an HR of at least 1.32,1.25, respectively.

Discussion
In this prospective study, we demonstrated that elevated LDL-C was associated with increased risk of CVD occurrence in participants over 70 years. This
association was further con�rmed by the subgroup analyses conducted in different sex and participant with or without hypertension, diabetes and
chronic kidney disease, respectively. This is the �rst study to systematically evaluate the effects of LDL-C on CVD occurrence in participants with the age
over 70 years in China.

Previous studies have suggested that the association of elevated total cholesterol and LDL cholesterol levels with increased risk of CVD decreases
substantially with increasing age, [7-9] or even disappeared in individuals over 70 years. [10,11] For example, G David Batty [7] reported from the Whitehall
study (enrolling participants in 1967-70) that the associations of total cholesterol with coronary heart disease and stroke diminished in strength with
increasing duration of follow-up. Harlan M [11] reported that raised total cholesterol or low HDL-C was not important risk factors for coronary heart
disease mortality and morbidity and all-cause mortality in people over 70 years. By contrast, in our study, the risk of CVD increased with higher LDL
cholesterol levels in all age groups even if individuals over 70 years. This result is similar to a most recent study from the Copenhagen General Population
Study, which showed people aged 70–100 years with raised LDL cholesterol had the greatly increased absolute risk of myocardial infarction and
atherosclerotic cardiovascular disease.[19]
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Most previous studies investigating the association of elevated cholesterol with risk of CVD were conducted in the historical cohorts in which participants
and analyzed data were collected about half a century ago. Since then, with the substantial changes of living environment, the general population has
experienced an increase of life span. [20,21] Therefore, the life span for the subjects over 70 years old had also increased, it means that those elderly
people would undergo an even longer period of the unfavorable effect of LDL-C on CVD occurrence. This might account for the positive association
between LDL-C and occurrence of CVD in the participants over 70 years in this study.

Several randomized controlled trials showed further lowering of LDL-C beyond the lowest current targets (70mg/dL) would further reduce cardiovascular
risk. [28-30] However, in this study, use multivariable regression with restricted cubic spline, we found the association between levels of LDL-C and risk of
CVD was U shaped in group over 70 years old. Whether lower levels of LDL-C can really increase risk of CVD occurrence? We denied this conclusion by
further analysis conducted in the participants over 70 years old: (1) In the group of LDL-C < 110mg/dL, occurrence of CVD was not associated with LDL-C,
but was associated with history of dyslipidemia, drinking and increased DBP. However, in the group of LDL-C ≥110mg/dL, elevated LDL-C was associated
with occurrence of CVD. (2) The attribution of LDL-C to CVD occurrence was lower in the participants with LDL-C<110mg/dL (2.1%) vs those with LDL-
C≥110mg/dL (14.5%). These results all indicated that when LDL-C was lower than 110mg/dL, lower levels of LDL-C did not increase the risk of CVD
occurrence.

Several previous studies had provided some clues for understanding the mechanisms underlying this negative association between LDL-C and CVD
occurrence. First, this might be a reverse causation. In our study the mortality rate is higher in participants with LDL-C < 110mg/dL, previous study found
debilitation and illness have been hypothesized to cause a decrease in levels of cholesterol. [31,32] Therefore, the decline of LDL-C may be caused by the
frailty of the elderly, this hypothesis could be supported by the lower level of glucose (107.3 mg/dL vs 112.3 mg/dL) and other lipids pro�le (TC: 163.9
mg/dL vs 216.6 mg/dL, TG: 86.7 mg/dL vs 103.5 mg/dL) in this group of participants versus participants with the LDL-C ≥110mg/dL. Hence, we thought
a high mortality rate may be a contributing “cause” of LDL-C decreased. Second, despite extensive adjustment, but whether exist residual confounding is
unclear. Taken together, these data suggest that statin therapy in individuals over 70 years with high cholesterol could be appropriate, this view supports
the opinion of RCT. [33,34] But, what is the appropriate level of LDL-C in subjects older than 70 years deserves careful investigation. The ongoing
randomized controlled trial in 18,000 patients older than 70 years and without cardiovascular disease may clarify the e�cacy of statin versus placebo to
reduce major vascular events in an older primary prevention population.

We used the E-value sensitivity analysis to quantify the potential implications of unmeasured confounders and found that an unmeasured or unknown
confounder was unlikely to explain the effect on LDL-C and CVD (relative risk exceeding 1.37) than these known risk factors.

The strengths of our study include, Firstly, our study is a well-designed large-scale prospective study, the long follow-up period, and the subjects came
from different regions of China, therefor their locations were generally representative. Secondly, we adjusted for several confounders for association
between LDL-C and CVD, and subgroup analysis were performed in participants with or without some risks of CVD, such as hypertension, diabetes,
chronic kidney disease. Finally, a novelty in this population-based study was using the recently introduced E-value as an alternative to sensitivity analysis.

This study also has some limitations. First, self-reported physician-diagnosed incident CVD, could leading to potential misclassi�cation of CVD cases.
Second, we only had information on blood lipid at baseline and cannot rule out that the results might been in�uenced by longitudinal changes during
follow-up. Third, we could not deal with the question of causality because the observational design of the study.

Conclusion
This study found that elevated LDL-C was associated with increased risk of CVD in participants over 70 years old. These data are of importance for
primary prevention strategies and guidelines aimed at managing and reducing CVD in the growing older population.
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Tables
Table 1 Baseline characteristics of participants
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  All Participants

(n=9631)

Aged≥70 years

(n=1463)

Aged 60-69 years

(n=2584)

Aged <60 years

(n=5584)

P-value

Age(years) 58.7(9.8) 75.5(4.8) 63.8(2.8) 51.9(4.8) <0.001

Female (n, %) 5060(52.5) 698(47.7) 1310(50.7) 3088(55.3) <0.001

Rural residence 6260(65.0) 1001(68.4) 1735(67.1) 3524(63.1) <0.001

Married 7994(83.0) 946(64.6) 2168(83.9) 4880(87.4) <0.001

Educational level         <0.001

Primary school and below 6655(69.1) 1303(89.1) 2086(80.7) 3266(58.5)  

Middle school and above 2976(30.9) 160(10.9) 498(19.3) 2318(41.5)  

Smoking status         <0.001

Never 5838 (60.6) 833(56.9) 1464(56.7) 3545(63.5)  

Former 753(7.8) 183(12.5) 244(9.4) 324(5.8)  

Current 3040(31.6) 447(30.6) 876(33.9) 1715(30.7)  

Drinking status         <0.001

Never 7453(77.4) 1126(76.0) 1916(74.2) 4411(79.0)  

Former 910(9.4) 169(11.5) 331(12.8) 410(7.3)  

Current 1268(13.2) 168(11.5) 337(13.0) 763(13.7)  

History of comorbidities          

Diabetes 372(3.9) 56(3.8) 120(4.6) 194(3.5) 0.03

Hypertension 1920(19.9) 403(27.6) 651(25.2) 859(15.4) <0.001

Dyslipidemia 377(3.9) 46(3.1) 106(4.1) 219(3.9) 0.24

Chronic kidney disease 537(5.6) 72 (4.9) 158(6.1) 304(5.4) 0.25

History of medication use          

Antidiabetic medications 233(2.4) 32(2.2) 83(3.2) 118(2.1) 0.01

Antihypertensive medications 1570(16.3) 340(23.2) 531(20.6) 699(12.5) <0.001

BMI (km/m2) 23.2(3.5) 21.7(3.6) 23.0(3.5) 23.7(3.4) <0.001

SBP (mmHg) 111.9(17.7) 118.2(18.9) 113.6(18.0) 109.3(16.6) <0.001

DBP (mmHg) 74.4(9.2) 73.4(9.2) 74.3(8.8) 74.7(9.4) <0.001

FPG (mg/dL) 108.8(34.1) 110.3(34.6) 111.0(36.7) 107.4(32.6) <0.001

HbA1c (%) 5.2(0.8) 5.2(0.8) 5.3(0.8) 5.2(0.8) <0.001

TC (mg/dL) 192.6(37.9) 193.4(39.6) 194.5(37.8) 191.4(37.5) 0.002

TG (mg/dL) 103.5(74.3-151.3) 96.5(70.8-138.1) 104.4(74.3-151.3) 105.3(74.3-155.8) <0.001

HDL-C (mg/dL) 51.8(15.0) 54.1(15.5) 52.1(15.5) 51.0(14.5) <0.001

LDL-C (mg/dL) 115.7(34.6) 117.5(34.8) 117.3(35.4) 114.5(34.1) <0.001

hs-CRP (mg/L) 1.0(0.53-2.09) 1.3(0.7-3.0) 1.1(0.6-2.2) 0.9(0.5-1.9) <0.001

eGFR (mL/min/1.73 m2) 92.7(15.0) 78.2(14.8) 88.7(12.5) 98.4(12.7) <0.001

Data were expressed as mean (SD) or median (IQR 25%-75%) for continuous variables and as number (percentage) for categorical variables. P from
ANOVA, Kruskal-Wallis test or chi- square test.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin A1c; TC,
total cholesterol; TG, triglyceride; HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density lipoprotein cholesterol; hs-CRP, high-sensitivity C-
reactive protein; eGFR, estimated glomerular �ltration rate.

Table 2 Association of LDL cholesterol with occurrence of CVD, strati�ed by different factors
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Factor ALL Participants Aged≥70 years Aged 60-69 years Aged <60 years

Events(n) /
Participants
(N)

HR (95%CI) Events(n) /
Participants
(N)

HR (95%CI) Events(n) /
Participants
(N)

HR (95%CI) Events(n) /
Participants
(N)

HR (95%CI)

Sex                

Male 662/4571 1.08(1.05,1.10) 134/765 1.07(1.02,1.13) 207/1310 1.01(0.92,1.10) 281/2496 1.07(1.03,1.10)

Female 815/5060 1.08(1.06,1.10) 139/698 1.07(1.03,1.13) 260/1274 1.07(1.03,1.10) 416/3088 1.10(1.07,1.12)

Hypertension                

No 899/7068 1.10(1.08,1.12) 162/929 1.09(1.05,1.14) 275/1766 1.09(1.06,1.12) 457/4366 1.11(1.08,1.14)

Yes 538/2563 1.05(1.02,1.07) 111/534 1.06(1.00,1.12) 192/818 1.05(1.01,1.09) 240/1218 1.05(1.01,1.08)

Diabetes                

No 1181/8220 1.08(1.06,1.10) 225/1207 1.07(1.03,1.12) 372/2163 1.06(1.04,1.09) 583/4851 1.08(1.06,1.11)

Yes 256/1411 1.08(1.05,1.11) 48/256 1.09(1.00,1.19) 95/421 1.09(1.04,1.14) 114/733 1.09(1.04,1.14)

CKD                

No 1296/8829 1.08(1.07,1.10) 233/1222 1.09(1.06,1.13) 419/2361 1.07(1.04,1.10) 645/5246 1.08(1.06,1.11)

Yes 141/802 1.07(1.02,1.12) 40/241 1.08(0.80,1.46) 48/223 1.10(1.02,1.18) 52/338 1.12(1.05,1.20)

CKD, chronic kidney disease. HR (95%CI), hazard ratios with 95% con�dence interval. Models were adjusted for age, sex, residence, marital status,
educational level, smoking status, drinking status, history of diabetes, hypertension, dyslipidemia, and chronic kidney disease; and use hypertension
medications, diabetes medications, systolic blood pressure, diastolic blood pressure, fasting plasma glucose, glycated hemoglobin A1c, total cholesterol,
triglyceride, high- density lipoprotein cholesterol, low- density lipoprotein cholesterol, hypersensitive C-reactive protein, estimated glomerular �ltration rate,
body-mass index.

Table 3 Risk factors for occurrence of CVD in participants over 70 years old strati�ed by LDL-C

Risk factors CVD Heart disease Stroke

Events(n) /

Participants (N)

HR (95%CI) Events(n) /

Participants (N)

HR (95%CI) Events(n) /

Participants (N)

HR (95%CI)

LDL-C < 110mg/dL 102/643   70/643   32/643  

History of dyslipidemia 4/15 2.47(1.01,6.08) 3/15 2.82(1.02,7.76) 1/15 NA

Drinking 17/95 1.39(1.11,1.75) 14/95 1.71(1.28,2.29) 3/95 NA

DBP   1.03(1.01,1.05)   NA   1.04(1.01,1.08)

FPG   NA   NA   1.01(1.01,1.02)

LDL-C   1.02(0.86,1.22)   1.11(0.88,1.41)   0.88(0.67,1.14)

             

LDL-C ≥110mg/dL 171/820   117/820   54/820  

History of hypertension 59/237 1.45(1.06,1.98) 39/237   20/237 NA

History of dyslipidemia 12/31 NA 11/31 2.45(1.32,4.56) 1/31 NA

DBP   NA   NA   1.02(1.00,1.03)

Drinking 21/73 1.27(1.03,1.57) 11/73 NA 10/73 1.78(1.27,2.48)

LDL-C   1.13(1.08,1.19)   1.09(1.02,1.16)   1.21(1.12,1.31)

CVD, cardiovascular diseases; DBP, diastolic blood pressure; FPG, fasting plasma glucose; LDL- C, low- density lipoprotein cholesterol; HR (95%CI), hazard
ratios with 95% con�dence interval. DBP, FPG, LDL-C as continuous variables, history of dyslipidemia, history of dyslipidemia, drinking, as categories
variables were entered into the Cox proportional hazards models. NA, not a risk factor.

Figures
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Figure 1

Flowchart of participants from the CHARLS Study

Figure 2

Association of LDL-C with occurrence of CVD, strati�ed by age groups Multivariable analyses were adjusted for age, sex, residence, marital status,
educational level, smoking status, drinking status, history of diabetes, hypertension, dyslipidemia, and chronic kidney disease; and use hypertension
medications, diabetes medications, systolic blood pressure, diastolic blood pressure, fasting plasma glucose, glycated hemoglobin A1c, total cholesterol,
triglyceride, high- density lipoprotein cholesterol, low- density lipoprotein cholesterol, hypersensitive C-reactive protein, estimated glomerular �ltration rate,
body-mass index.
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Figure 3

Multivariable adjusted hazard ratios for CVD according to levels of LDL-C on a continuous scale. Solid lines are multivariable adjusted hazard ratios, with
dashed lines showing 95% con�dence intervals derived from restricted cubic spline regressions with three knots. Arrows indicate the concentration of
LDL-C with the lowest risk of CVD.
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