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BACKGROUND: Current cholesterol guidelines have recommended very low low-density lipoprotein cholesterol (LDL-C) treat-
ment targets for people at high risk of cardiovascular disease (CVD). However, recent observational studies indicated that very
low LDL-C levels may be associated with increased mortality and other adverse outcomes. The association between LDL-C
levels and long-term risk of overall and cardiovascular mortality among the U.S. general population remains to be determined.

METHODS AND RESULTS: This prospective cohort study included a nationally representative sample of 14035 adults aged
18years or older, who participated in the National Health and Nutrition Examination Survey Ill 1988-1994. L DL-C levels were
divided into 6 categories: <70, 70-99.9, 100-129.9, 130-159.9, 160-189.9 and >190 mg/dL. Deaths and underlying causes of
deaths were ascertained by linkage to death records through December 31, 2015. Weighted Cox proportional hazards regres-
sion models were used to estimate the hazard ratios (HR) of mortality outcomes and its 95% Cls. During 304 025 person-years
of follow up (median follow-up 23.2 years), 4458 deaths occurred including 1243 deaths from CVD. At baseline, mean age was
41.5years and 51.9% were women. Very low and very high levels of LDL-C were associated with increased mortality. After
adjustment for age, sex, race and ethnicity, education, socioeconomic status, lifestyle factors, C-reactive protein, body mass
index, and other cardiovascular risk factors, individuals with LDL-C<70 mg/dL, compared to those with LDL-C 100-129.9 mg/
dL, had HRs of 1.45 (95% CI, 1.10-1.93) for all-cause mortality, 1.60 (95% Cl, 1.01-2.54) for CVD mortality, and 4.04 (95% Cl,
1.83-8.89) for stroke-specific mortality, but no increased risk of coronary heart disease mortality. Compared with those with
LDL-C 100-129.9 mg/dL, individuals with LDL-C>190 mg/dL had HRs of 1.49 (95% ClI, 1.09-2.02) for CVD mortality, and 1.63
(95% ClI, 1.12-2.39) for coronary heart disease mortality, but no increased risk of stroke mortality.

CONCLUSIONS: Both very low and very high LDL-C levels were associated with increased risks of CVD mortality. Very low LDL-C
levels was also associated with the high risks of all-cause and stroke mortality. Further investigation is needed to elucidate the
optimal range of LDL-C levels for CVD health in the general population.
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cause of death worldwide. Elevated low-density dent CVD events in multiple cohort studies.> Among

Cardiovascular disease (CVD) remains the leading associated with increased risks of CVD death and inci-
lipoprotein cholesterol (LDL-C) levels are clearly  U.S. adults, LDL-C showed a slowly decreasing trend
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CLINICAL PERSPECTIVE
What Is New?

In a nationally representative cohort with a median
follow-up of 23.2years, we examined the associa-
tions between low-density lipoprotein cjolesterol
(LDL-Q) levels and long-term risk of overall and
cardiovascular death among U.S. adults.

e Very low LDL-C levels <70 mg/dL was associ-
ated with increased risks of all-cause, cardio-
vascular disease and stroke mortality. Moreover,
very high LDL-C levels =190 mg/dL were also
associated with increased cardiovascular dis-
ease and coronary heart disease mortality.

What Are the Clinical Implications?

e These findings indicated the adverse outcomes
of both very high and very low LDL-C levels,
providing a new light of lipid control in clinic and
lifestyle.

e Further investigation is needed to elucidate the
optimal range of LDL-C levels for cardiovascular
disease health in the general population.

Nonstandard Abbreviations and Acronyms

ASCVD atherosclerotic cardiovascular disease
DBP diastolic blood pressure

HDL-C  high density lipoprotein cholesterol
ICH intracerebral hemorrhage

IPR income-to-poverty ratios

IS ischemic stroke

LDL-C low-density lipoprotein cholesterol
NCHS National Center for Health Statistics

NDI National Death Index

NHANES National Health and Nutrition
Examination Survey

SBP systolic blood pressure
TC total cholesterol

due to healthy lifestyles and extensive use of lipid-
lowering therapy.*® LDL-C plays a causal role in athero-
sclerotic CVD (ASCVD), with a slightly more than 20%
risk reduction in major vascular events per 1.0mmol/L
decrease of LDL-C in trials of statins and other LDL-C
lowering drugs.®® FOURIER (Further Cardiovascular
Outcomes Research With PCSK9 Inhibition in Subjects
With Evelvated Risk) trial with PCSK9 (proprotein con-
vertase subtilisin/kexin type 9) inhibiting monoclonal an-
tibodies added to background statin therapy had mean
on-treatment LDL-C levels as low as 30 mg/dL.° In these
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short-term trials (median duration 2-2.6 years), no untow-
ard adverse effects were reported.

However, recent observational studies have in-
dicated the possible harms of very low LDL-C.'%-"?
A cohort study, including 347941 subjects with the
mean follow up of 5.64years, found that the LDL-C
less than 70 mg/dL were associated higher risk of all-
cause mortality and CVD mortality when compared
with LDL-C 100-129 mg/dL group.'® Two prospective
studies showed the strong association between low
LDL-C levels and risks of intracerebral hemorrhage
(ICH) over 9 to 19years."'? Evidence from clinical tri-
als has demonstrated that benefits of LDL-C lowering
therapy on all-cause and CVD mortality are observed
in individuals with baseline LDL-C>100 mg/dL, but not
in individuals with LDL-C<100 mg/dL over treatment
periods of up to 7years.”* However, the relationship
between very low levels of circulating LDL-C and the
risk of long-term mortality outcomes have not been
well elucidated. This information should be worth con-
sidering in determination of the optimal target when
lowering LDL-C level.

This study evaluated the association between the
LDL-C levels and risks of all-cause and CVD mortality
in a nationally representative cohort with up to 27 years
of follow up in general population.

METHODS

Data Availability

The data from National Health and Nutrition
Examination Survey (NHANES) are publicly available
and can be accessed directly at https:/wwwn.cdc.
gov/Nchs/Nhanes.

Study Population

NHANES was conducted by the National Center for
Health Statistics (NCHS) at the Centers for Disease
Control and Prevention, NHANES Ill was conducted
in 1988 to 1994, in which participants were selected
by a multistage stratified probability cluster sampling
and represented the total civilian. Details of NHANES
Il procedures, interviewing, questionnaires and data
collection, quality control techniques, survey design,
nonresponse, and sample weighting have been de-
scribed extensively.'® NHANES has been approved by
the NCHS Ethics Review Board. Written informed con-
sent was obtained from all participants.

As shown in Figure, in this study we included par-
ticipants at baseline according to the following crite-
ria'; aged 18years and older?; exactly using Friedewald
equation to calculate LDL-C levels, requesting informa-
tion on high density lipoprotein cholesterol (HDL-C) and
total cholesterol (TC), and triglycerides <400 mg/dL3;
without CVD or cancer diseases at baseline. Besides,


https://wwwn.cdc.gov/Nchs/Nhanes/
https://wwwn.cdc.gov/Nchs/Nhanes/
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we also excluded participants who died within
12 months from the baseline. Finally, 14035 subjects
were included as the analytical sample.

Exposure Measurement

Blood collection and blood lipid profile analyses in-
cluding total cholesterol, triglycerides, high-density
lipoprotein cholesterol were described previously.'®
LDL-C was calculated by the Friedewald equation
[LDL-C=TC - HDL-C — (TG/5)],'” except the individuals
with triglycerides >400 mg/dL because of the inexact
calculation. In the present study, fasting blood samples
(i.e., a more than 9-hour fast) were collected from 6212
subjects and non-fasting blood samples were col-
lected from 7823 subjects. Previous studies show that
whether subjects are fasting or not, Friedewald equa-
tion has an excellent accuracy in LDL-C calculation.!8-20
Therefore, in the main analysis, we used LDL-C levels
regardless of fasting status. LDL-C levels were catego-
rized according to Adult Treatment Panel Il guidelines
as follow: <70, 70-99.9, 100-129.9, 130-159.9, 160-
189.9, and =190 mg/dL.?!

Outcome Ascertainment

We used the NHANES Il Public-use Linked Mortality
File through 31 December 2015, which was linked by
the NCHS to the National Death Index (NDI) with a
probabilistic matching algorithm to determine the mor-
tality status.?® Previous studies have proved that the
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cause-specific mortality in the NDI have the accurate
results in death of classification and relatively small pos-
sibility of misclassification.?®?* Data about underlying
cause of death were used for case definition accord-
ing to the International Classification of Diseases, Ninth
Revision (ICD-9) through 1998, and the remainder for
case definition according to the Tenth Revision (ICD-
70). In order to adjust for changes between the 2 cod-
ing systems, final cause of deaths occurring prior to
1999 were recoded into comparable /CD-10-based
underlying cause of death groups.?® The all-cause and
CVD mortality were the primary outcomes in this studly.
We defined deaths from cardiovascular diseases as
death from either coronary heart diseases or stroke.
The NCHS classified mortality from coronary heart
diseases (codes 100-109, 111, 113, and 120-I51), stroke
(i.e., cerebrovascular disease) (codes 160-169), and
cancer (i.e., malignant neoplasms) (codes C00-C97)
according to /CD-10 (Table S1). People who survived
were administratively censored on 31 December, 2015.
Follow-up time for each person was calculated as the
difference between the NHANES Il examination date
and the last known date alive or censored from the
NHANES Il mortality file.

Covariate Assessment

Information on age, sex, race and ethnicity, education
level, marital status, family income, smoking status,
alcoholic intake, and physical activity was collected

NHANES III
participants
N =33994

N=14160

19834 did not meet inclusion criteria at baseline
- Age <18,n=14376
- Sampling weight of zero, n = 1879
- Did not calculate LDL-C levels accurately by Friedewald
equation for two reasons:
a. Incomplete data on TG, HDL-C, and TC, n= 1152
b. TG >400 mg/dL, n = 452
- With CVD or cancer at baseline, n = 1975

125 met exclusion criteria at the end

- Death within one year from baseline, n = 125

Final sample
N = 14035

Figure 1.

Flow chart of participants in this study.

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NHANES
Ill, National Health and Nutrition Examination Survey Ill; TC, total cholesterol; and TG, triglyceride.
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using standardized questionnaires during interviews.
Race and ethnicity was classified as non-Hispanic
White, non-Hispanic Black, Mexican American, or
other. Education level were categorized as less than
high school, high school, and college or above. Marital
status was categorized as married (married and living
as married), widowed, divorced, and single (never mar-
ried and separated). The family income-to-poverty ra-
tios (IPR) was computed as a ratio of family income to
poverty threshold values. The family income was set as
the midpoint of the observed family income category in
the Family Questionnaire in NHANES 11126 The poverty
threshold values are produced annually by the Census
Bureau.?” Ahigher IPR represents a higher familyincome
status. The IPR were categorized as <1.30, 1.31-3.50,
and >3.50 according to previous report.?® Participants
were categorized as non-smoker, past smokers, and
current smokers based on their responses to ques-
tions about smoking at least 100 cigarettes during their
lifetime and whether they were currently smoking. The
alcohol intake of participants was estimated based on
24-hour dietary recall.?® For physical activity, the inac-
tive group was defined as those with no reported lei-
sure time physical activity, active group was defined
as those who had recommended levels of physical
activity®° (i.e., self-reported leisure time moderate ac-
tivity (metabolic equivalents [METs] ranging from 3 to
6) of 5 or more times per week or leisure time vigor-
ous activity (METs >6) 3 or more times per week), and
insufficiently active group was defined as those who
were not inactive and did not meet the criteria for rec-
ommended levels of physical activity. CRP (C-reactive
protein) is a risk factor for CVD. CRP levels were cat-
egorized as <3.0 and >3.0 mg/L according to previous
studies.®"*? Comorbidities and treatment at baseline
also need to be included (obesity, hypertension, dia-
betes, respiratory diseases, liver diseases, cholesterol-
lowering drugs). Measurements of height and weight
were performed following a standardized protocol,
and body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared (kg/
m?, <25, 25-29.9, >30). Hypertension was defined as
any participant who had systolic blood pressure (SBP)
level >130mm Hg and diastolic blood pressure (DBP)
level >80 mm Hg, or were taking antihypertensive med-
ication according to the 2017 ACC/AHA Hypertension
Guideline.®® Diabetes was defined as any participant
who had diagnosed diabetes or were taking insulin or
were taking diabetes pills, or had a hemoglobin Alc
level >6.5% or a fasting plasma glucose level =126 mg/
dL.34 Respiratory diseases were defined as any partici-
pant who had a diagnosed history of asthma, chronic
bronchitis, or emphysema. Liver diseases were defined
as participants with hepatic steatosis. Chronic kidney
disease was defined as any participant who had esti-
mated glomerular filtration rate (€GFR) <60 mL/min per
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1.73 m?.8% Cholesterol-lowering drug was defined as
participants who took prescribed medicine at baseline.

Statistical Analysis

All statistical analyses accounted for the complex,
multistage, stratified, and cluster-sampling design
(including oversampling of certain subpopulations) of
NHANES by using sample weights, strata, and pri-
mary sampling units embedded in the NHANES data.
We used SDPSTRA6 to reflect stratum, SDPPSU6
to reflect primary sampling units, and the WTPFHX6
to reflect sample final weight for all analyses. Means
and proportions of baseline characteristics were com-
pared by using logistic regression for categorical vari-
ables and linear regression for continuous variables.
The associations between LDL-C levels and all-cause
and cardiovascular mortality were investigated using
Cox proportional hazards regression models. The final
models included the social-demographic character-
istics (age, sex, race and ethnicity, education, marital
status, family income level), lifestyle factors (smoking
status, alcohol intake, physical activity), inflammatory
state (CRP), history of diseases (obesity, hypertension,
diabetes, respiratory diseases, liver diseases, chronic
kidney disease), and lipids-lowering drugs use. The
missing values of categorical variables (education,
marital status, family income level, inflammatory state,
history of diseases, and lipids-lowering drugs use) were
imputed by extra category with dummy coding. The
alcohol intake as continuous variable was multiply im-
puted based on 5 replications using the Markov-chain
Monte Carlo method. We used the levels of 100-129
mg/dL as the referent group, because this group pre-
sented lowest risk of CVD mortality than other groups.
Model assumptions were evaluated by testing the
proportional hazards assumption for all analyses. The
models including covariates were as followed: age, sex
and race and ethnicity (Model 1); Model 1 plus educa-
tion level, marital status, family income level, smoking
status, alcohol intake, physical activity (Model 2); model
2 plus CRP level (Model 3); model 3 plus BMI, hyper-
tension, diabetes, respiratory diseases, liver disease,
chronic kidney disease, cholesterol-lowering drugs
(Model 4). Several analyses were performed to verify the
robustness of results. First, in order to avoid bias of im-
putation for missing data on covariates, we performed
the complete-case analysis (n=9962). Second, given
the confounding from cholesterol-lowering drugs, we
used the population who have no cholesterol-lowering
drugs use to assess the associations of LDL-C with
mortality outcomes (n=13 740). Third, we also explored
the associations between LDL-C levels and mortality
outcomes by excluding the participants who have co-
morbidities (obesity, hypertension, diabetes, respira-
tory diseases, liver diseases, chronic kidney disease).
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All statistical analyses were conducted using survey
modules of SAS software version 9.4 (SAS Institute,
Cary, NC). Two-sided P-values <0.05 were considered
statistically significant.

RESULTS

The baseline characteristics were presented in Tables 1
and 2. In the 14035 participants aged 18years and
older, the mean age was 41.5years (SE, 0.39years)
and 51.9% were women at baseline. Participants within
the lowest LDL-C category (<70 mg/dL; 5.6%) were
more likely to be young (mean age 33.0years), have
lower levels of education and income, and to be un-
married, physically active, moderate or heavy drinkers,
current or nonsmokers, less likely to be non-Hispanic
White or past smokers, have hypertension, and take
cholesterol-lowering drugs than those with choles-
terol levels of 100-129.9 mg/dL (referent). Those in
the highest LDL-C category (>190 mg/dL; 5.6%) were
older (mean age 52.4 years), and more likely to be non-
Hispanic White, have lower levels of education and
income, to be married, past smokers, physically inac-
tive, have hypertension, and take cholesterol-lowering
drugs than those with cholesterol levels of 100-
129.9 mg/dL. Trends were seen for increasing rates
of obesity, hypertension, cholesterol-lowering drugs,
higher triglycerides and HDL-C, and lower alcohol in-
take were observed for increasing LDL-C categories.

During the median follow-up duration of 23.2 years,
4458 participants died, including 1243 deaths from
cardiovascular diseases, 948 deaths from coronary
heart diseases (CHD), and 295 deaths from stroke.
As shown in Table 3, in fully adjusted models, when
compared to participants with LDL-C of 100-129 mg/
dL, those with LDL-C<70 mg/dL had a higher risk of
all-cause mortality (HR, 1.45 [95%CI, 1.10-1.93]). For
CVD mortality, those with LDL-C<70 mg/dL (HR, 1.60
[95%CI, 1.01-2.54]) and LDL-C >190 mg/dL (HR, 1.49
[95%CI, 1.09-2.02]) were associated with increased
risks, these with LDL-C levels of 70-99.9, 130-159.9,
and 160-189.9 mg/dL have risks of 1.28 (95%Cl, 0.86—
1.90), 1.19 (95%ClI, 0.87-1.62), and 1.30 (95%Cl, 0.98-
1.72). The results also showed that LDL-C level was
not associated with risk of cancer mortality. Compared
with LDL-C level of 100-129.9 mg/dL, these in LDL-
C<70 mg/dL was associated with higher risk of non-
CVD and non-cancer mortality (HR, 1.63 [95%ClI,
1.08-2.46)).

As shown in Table 4, we further evaluated the as-
sociations of LDL-C levels with CHD-specific and
stroke-specific mortality separately. Compared with
LDL-C 100-129.9 mg/dL, those in LDL-C<70, 70-99.9,
130-159.9, 160-189.9, and LDL-C>190 mg/dL have
multivariable adjusted HRs of 1.08 (95%Cl, 0.58-2.02),
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1.32 (95%ClI, 0.86-2.00), 1.22 (95%Cl, 0.87-1.72),
1.32 (95%Cl, 0.95-1.82), and 1.63 (95%Cl, 1.12-2.39)
for CHD mortality, respectively. Using LDL-C 100-—
129.9 mg/dL as a reference, the LDL-C<70 mg/dL was
significantly associated with stroke mortality with HR
of 4.04 (95%ClI, 1.83-8.89), those in LDL-C 70-99.9,
130-159.9, 160-189.9, and LDL-C>190 mg/dL have
the adjusted HRs of 116 (95%ClI, 0.54-2.49), 1.07
(95%Cl, 0.63-1.82), 1.22 (95%Cl, 0.76—1.94), and 1.01
(95%Cl, 0.54-1.89) for stroke mortality, respectively.

Sensitivity analyses with complete-case analysis
were performed, the results were similar to previous
findings (Table S2). In addition, we also assess the as-
sociations of LDL with mortality by excluding partici-
pants taking prescribed medicine to lower cholesterol
(Table S3) and with comorbidities, including hyperten-
sion, diabetes, respiratory diseases, liver diseases, and
chronic kidney disease (data not shown) and yielded
similar results for mortalities outcomes.

DISCUSSION

In a nationally representative cohort with a median fol-
low-up of 23.2years, we found very low LDL-C levels
<70 mg/dL was associated with increased risks of all-
cause, CVD and stroke mortality. Moreover, very high
LDL-C levels >190 mg/dL were also associated with
increased CVD and CHD mortality.

Current cholesterol guidelines (2019 ESC/EAS
and 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/
ADA/AGS/APhA/ASPC/NLA/PCNA Guideline) recom-
mend reducing LDL-C levels for the management of
ASCVD.*837 Qur findings that very high LDL-C levels
were significantly associated with high risk of CVD and
CHD mortality are consistent with previous studies.!?
A cohort study of 36 375 participants with low CVD risk
reported that using LDL-C<100 mg/dL as a reference,
LDL-C>160 mg/dL was associated with increased risks
of CVD and CHD mortality.! Another large prospective
study including 6 cohorts showed the strong asso-
ciation between high level of young adult LDL-C and
CHD risks in later life.?> For the lipids-lowering trials,
Cholesterol Treatment Trialists’ Collaboration meta-
analyses evaluated the prevention effect of statins on
CVD events in older people,® people at low risk of vas-
cular disease,*® and both men and women,3® which
supported the net benefits of statins use and reduc-
tion in LDL-C level. Another large-scale clinical trial also
showed that ezetimibe could further reduce the LDL-C
level and improve the cardiovascular outcomes when
combined with the statin therapy.*® Moreover, a meta-
analysis of LDL-C lowering drugs demonstrated partic-
ipants with baseline LDL-C>160 mg/dL had the most
reduction in CVD and all-cause mortality." In line with
these findings, the present study also underscores the
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Table 1. Baseline Demographic and Lifestyle Characteristics of the Study Population According to the LDL-C Level

LDL-C levels
Characteristics <70 mg/dL 70-99.9 mg/dL 100-129.9 mg/dL | 130-159.9 mg/dL 160-189.9 mg/dL >190 mg/dL | p yajue
No. of participants 790 3071 4481 3326 1685 782
Age, y 33.00 (0.61) 35.24 (0.43) 40.16 (0.50) 45.00 (0.54) 49.25 (0.69) 52.42 (0.85) <0.001
Sex, % 0.002
Male 46.47 (2.75) 45.67 (1.16) 45.80 (1.28) 51.69 (1.25) 52.23 (1.70) 48.11 (2.63)
Female 53.53 (2.75) 54.33 (1.16) 54.20 (1.28) 48.31 (1.25) 47.77 (1.70) 51.89 (2.63)
Race and ethnicity, % 0.002
Non-Hispanic 72.07 (2.46) 71.84 (2.03) 74.52 (1.68) 77.63 (1.28) 78.49 (2.14) 76.00 (2.38)
White
Non-Hispanic 14.69 (1.31) 12.42 (0.95) 11.21 (0.74) 9.95 (0.73) 9.63 (0.93) 1211 (1.32)
Black
Mexican-American | 6.55 (0.86) 6.38 (0.73) 6.04 (0.54) 4.88 (0.38) 3.72 (0.40) 3.94 (0.71)
Other 6.69 (1.88) 9.36 (1.49) 8.23 (1.17) 7.54 (0.86) 8.16 (1.82) 7.95 (1.66)
Education, % 0.003
Less than high 3.50 (0.85) 4.26 (0.48) 4.46 (0.46) 4.92 (0.47) 4.79(0.72) 7.74 (1.22)
school
High school 55.74 (2.09) 50.89 (2.14) 52.06 (1.39) 53.51 (1.50) 58.86 (1.70) 55.15 (3.13)
College or above 40.44 (2.24) 44.37 (2.24) 43.08 (1.45) 4113 (1.61) 36.05 (1.82) 36.82 (3.18)
Marital status, % <0.001
Married 48.34 (3.57) | 54.49 (1.15) 64.10 (1.10) 69.83 (1.10) 70.96 (1.54) 68.60 (2.75)
Widowed 1.82 (0.45) 3.57 (0.45) 4.57 (0.33) 6.66 (0.52) 7.91 (0.84) 12.43 (1.84)
Divorced 9.70 (1.74) 8.15 (1.01) 712 (0.57) 8.36 (0.70) 8.32 (1.10) 7.78 (1.61)
Single 40.14 (3.38) 33.67 (1.41) 2415 (0.93) 15.07 (0.91) 12.64 (1.25) 10.95 (1.76)
Ratio of family income to poverty, % <0.001
<1.30 23.95 (2.79) 19.53 (1.35) 17.34 (0.96) 13.6 (1.01) 16.75 (1.68) 16.73 (1.85)
1.31-3.50 41.87 (2.82) 4213 (1.71) 42.26 (1.42) 43.56 (1.85) 40.92 (2.15) 46.01 (2.46)
>3.50 28.96 (3.25) 32.08 (1.74) 34.33 (1.65) 36.52 (2.18) 33.75 (1.87) 30.63 (2.12)
Missing 5.23 (0.97) 6.27 (0.77) 6.07 (0.49) 6.32 (0.75) 8.58 (1.13) 6.62 (1.08)
Smoking status, % <0.001
Non-smoker 51.96 (2.70) 50.47 (1.46) 48.57 (1.10) 45.40 (1.52) 44.53 (2.33) 43.52 (2.13)
Past smoker 15.45 (1.90) 17.63 (0.99) 22.70 (0.96) 27.39 (1.19) 27.07 (1.74) 28.33 (1.77)
Current smoker 32.59 (2.04) 31.89 (1.50) 28.73 (1.20) 27.20 (1.50) 28.39 (1.97) 28.15 (2.52)
Alcohol intake, g/day | 15.77 (1.93) 14.99 (1.32) 12.16 (0.88) 9.93 (1.04) 8.33 (1.03) 6.83 (1.09) 0.007
Physical activity*, % 0.001
Inactive 15.44 (2.29) 12.69 (1.22) 12.59 (0.85) 13.26 (0.85) 18.92 (1.76) 14.28 (1.69)
Insufficient 41.09 (3.07) 44.23 (1.43) 45.26 (1.30) 47.78 (1.36) 44.80 (1.71) 45.47 (2.53)
Recommended 43.47 (2.66) 43.08 (1.63) 4215 (1.52) 38.96 (1.55) 36.28 (2.08) 40.25 (2.49)
level
Lipids
Triglyceride, mg/dL | 137.89 (1.66) | 162.08 (0.58) 190.16 (0.50) 220.04 (0.46) 249.79 (0.67) 292.33(1.568) | <0.001
LDL-C, mg/dL 57.97 (0.69) 87.17 (0.22) 114.89 (0.19) 143.69 (0.25) 17215 (0.32) 212.07 (0.98) <0.001
HDL-C, mg/dL 5715 (0.98) 54.10 (0.52) 51.52 (0.44) 48.53 (0.36) 48.24 (0.48) 47.90 (1.35) <0.001
Triglyceride, mg/dL | 113.82(5.88) | 104.04 (2.20) 118.76 (2.13) 139.10 (1.97) 147.01 (2.16) 161.83 (4.22) | <0.001

Values are means (SE) for continuous variables or percentages (SE) for categorical variables and are weighted except No. of participants. Numbers may not
add to 100% due to missing data. HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; and TG, total cholesterol.
*Insufficient activity was defined where the sum of (weekly frequency of moderate activity/5) + (weekly frequency of vigorous activity/3) is <1.
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Table 2. Distribution of Cardiovascular Risk Factors of the Study Population According to the LDL-C Level

LDL-C levels
Risk factors <70 mg/dL 70-99.9 mg/dL 100-129.9 mg/dL 130-159.9 mg/dL 160-189.9 mg/dL 2190 mg/dL | p yalue
CRP, % <0.001
0.00-2.99 mg/L 78.85 (2.52) 79.63 (1.31) 73.81 (1.41) 69.88 (1.62) 68.04 (2.28) 67.38 (3.05)
>3.00 mg/L 19.75 (2.51) 19.37 (1.31) 25.36 (1.47) 29.09 (1.72) 31.28 (2.26) 31.50 (3.08)
BMI categories, % <0.001
<25.0 62.57 (3.01) 64.30 (1.37) 50.13 (1.35) 35.92 (1.60) 28.86 (1.92) 33.17 (2.60)
25.0-29.9 26.16 (2.86) 22.60 (1.33) 28.33 (1.19) 37.55 (1.26) 46.08 (1.98) 39.78 (1.95)
>30.0 11.25 (1.52) 13.05 (0.93) 21.49 (1.35) 26.42 (1.26) 24.91 (1.44) 27.00 (2.70)
Hypertension, % 20.34 (2.51) 23.34 (1.15) 32.85 (1.30) 46.40 (1.36) 54.48 (2.14) 53.81 (3.17) <0.001
SBP, mm Hg 115.21 (0.68) | 115.36 (0.38) 119.09 (0.57) 123.41 (0.41) 126.44 (0.65) 129.70 (0.92) | <0.001
DBP, mm Hg 69.27 (0.58) 71.02 (0.30) 73.12(0.28) 75.49 (0.28) 76.74 (0.35) 7714 (0.56) <0.001
Pulse pressure, 45.95(0.68) | 44.33(0.43) 45.96 (0.48) 47.92 (0.37) 49.70 (0.55) 52.55 (0.78) 0.003
mm Hg
Diabetes, % 712 (1.99) 4.43 (0.54) 6.66 (0.47) 8.24 (0.69) 8.15 (0.75) 8.39 (1.53) 0.001
Fasting glucose, | 97.59 (3.78) 93.07 (0.66) 95.88 (0.61) 98.87 (0.64) 98.92 (0.72) 101.65 (1.38) 0.575
mg/dL
Respiratory diseases, % 0.887
Yes 13.72 (2.41) 11.00 (0.81) 11.83 (0.70) 12.09 (0.92) 11.85 (1.39) 11.54 (2.13)
No 86.28 (2.41) 89.00 (0.81) 88.17 (0.70) 87.91 (0.92) 88.15 (1.33) 88.46 (2.13)
Liver diseases, % 0.013
Yes 35.49 (4.57) 27.73 (1.54) 30.76 (1.67) 34.80 (1.80) 35.80 (2.40) 33.50 (4.00)
No 64.51 (4.57) 72.27 (1.54) 69.24 (1.67) 65.20 (1.80) 64.20 (2.40) 66.50 (4.00)
Chronic kidney 5.95 (0.99) 7.95(0.72) 10.52 (0.74) 16.19 (0.99) 22.33 (1.43) 2712 (2.37) <0.001
disease, %
eGFR, mL/min 85.73 (1.08) 82.74 (0.58) 79.14 (0.54) 75.58 (0.54) 72 (0.64) 69.9 (0.91) <0.001
per 1.73 m?
Cholesterol-lowering drugs, % <0.001
Yes 0.17 (0.14) 0.53(0.22) 1.37 (0.30) 3.08 (0.42) 4.80 (0.63) 4.05 (0.93)
No 99.83 (0.14) 99.47 (0.22) 98.63 (0.30) 96.92 (0.42) 95.20 (0.63) 95.95 (0.93)

Values are means (SE) for continuous variables or percentages (SE) for categorical variables and are weighted except No. of participants. Numbers may not
add to 100% due to missing data. BMI indicates body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration

rate; LDL-C, low-density lipoprotein cholesterol; and SBP, systolic blood pressure.

adverse outcome from exposure to very high LDL-C
levels.

While reducing LDL-C has become a consensus
for CVD prevention and management, increasing ev-
idence from recent studies suggested potential risk of
very low LDL-C levels. Consistent with our findings in
the US general population, a prospective study includ-
ing 2 cohorts consisting of non-statin users from South
Korea found that LDL-C<70 mg/dL were associated
with higher risks of mortality, with a 95% increased
risk of all-cause mortality and a 102% increased risk of
CVD mortality in one cohort, and a 81% increased risk
of all-cause mortality in another one, as compared with
LDL-C 100-129 mg/dL."® A cohort study among partic-
ipants with higher risk of coronary events showed that
in participants with hs-CRP >2 mg/dL, LDL-C<70 mg/
dL is associated with increased all-cause mortality
(HR, 1.37 [95%Cl, 1.07-1.74]) when compared with LDL
>70 mg/dL.'® A systemic review including 28 cohorts of
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older people showed the inverse association between
lowest LDL-C tertile or quartile and high all-cause
mortality in 16 cohort studies representing 92% of the
number of participants.*! However, the scope of low-
est LDL-C tertile or quartile cannot be identified in this
study.

For specific type of CVD, a meta-analysis reported
the low level of LDL-C was associated with higher risk
of ICH stroke.*? Recently, a cohort study found that
women with LDL-C<70 mg/dL, as compared with
those with LDL-C between 100 and 129.9 mg/dL, had
2.17 times the risk of ICH."" A cohort study of Chinese
population also showed that participants LDL-C<70
mg/dL was associated with increased risk of ICH
when compared with those with LDL-C ranged 70—
100 mg/dL."? In accordance with these evidences, our
findings indicated increased stroke death risk in very
low LDL-C level group, the high stroke incidence may
strengthen the association between them. However,
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Table 3. Associations of LDL-C Levels With All-Cause, CVD, Cancer, and Non-Cardiovascular and Non-Cancer Mortality

LDL-C levels
<70 mg/dL 70-99.9 mg/dL 100-129.9 mg/dL 130-159.9 mg/dL 160-189.9 mg/dL >190 mg/dL

All-cause mortality

Deaths/ 19117217 692/68895 1238/98192 1236/71276 681/33030 620/15415

person-

years

Model 1 172 (1.27-2.32)* 1.05 (0.88-1.25) 1 (ref) 0.92 (0.83-1.02) 0.88 (0.76-1.02) 1.07 (0.89-1.27)

Model 2 1.62 (1.14-2.02)* 1.02 (0.86-1.21) 1 (ref) 0.93 (0.84-1.02) 0.86 (0.75-0.99) 1.05 (0.87-1.27)

Model 3 1.52 (1.14-2.03)* 1.02 (0.86-1.22) 1 (ref) 0.92 (0.83-1.01) 0.86 (0.75-0.99) 1.06 (0.88-1.29)

Model 4 1.45 (1.10-1.93)* 1.03 (0.86-1.22) 1 (ref) 0.92 (0.83-1.02) 0.88 (0.76-1.01) 1.08 (0.88-1.32)
CVD mortality

Deaths/ /17217 166/68895 317/98192 350/71276 236/33030 133/156415

person-

years

Model 1 1.88 (1.19-2.98)* 1.26 (0.84-1.87) 1 (ref) 1.16 (0.84-1.58) 1.28 (0.97-1.70) 1.44 (1.06-1.98)

Model 2 1.66 (1.056-2.62)* 1.24 (0.84-1.83) 1 (ref) 117 (0.86-1.59) 1.27 (0.97-1.67) 1.43 (1.06-1.93)*

Model 3 1.65 (1.04-2.62) 1.24 (0.83-1.83) 1 (ref) 117 (0.86-1.58) 1.27 (0.96-1.67) 1.45 (1.08-1.95)*

Model 4 1.60 (1.01-2.54)* 1.28 (0.86-1.90) 1 (ref) 119 (0.87-1.62) 1.30 (0.98-1.72) 1.49 (1.09-2.02)*
Cancer mortality

Deaths/ 42/17217 152/68895 267/98192 276/71276 131/33030 82/15415

person-

years

Model 1 111 (0.63-1.96) 0.77 (0.54-1.10) 1 (ref) 0.89 (0.63-1.26) 0.74 (0.48-1.15) 0.91 (0.61-1.35)

Model 2 1.01 (0.568-1.76) 0.76 (0.53-1.09) 1 (ref) 0.89 (0.65-1.22) 0.71(0.46-1.08) 0.89 (0.59-1.34)

Model 3 1.02 (0.59-1.77) 0.76 (0.53-1.09) 1 (ref) 0.89 (0.65-1.22) 0.70 (0.46-1.07) 0.90 (0.59-1.36)

Model 4 1.02 (0.58-1.79) 0.76 (0.52-1.09) 1 (ref) 0.88 (0.64-1.20) 0.71 (0.46-1.08) 0.90 (0.59-1.36)
Non-CVD and non-cancer mortality

Deaths/ 108/17217 374/68895 654/98192 610/71276 314/33030 201/15415

person-

years

Model 1 1.98 (1.30-3.00)* 1.11 (0.90-1.36) 1 (ref) 0.84 (0.71-1.00)* 0.79 (0.65-0.95) 0.99 (0.80-1.23)

Model 2 1.74 (1.16-2.61) 1.08 (0.89-1.31) 1 (ref) 0.85 (0.73-0.99) 0.77 (0.65-0.93) 0.97 (0.78-1.23)

Model 3 1.73 (1.15-2.60)* 1.08 (0.89-1.31) 1 (ref) 0.84 (0.72-0.98)* 0.77 (0.65-0.92)* 0.99 (0.79-1.24)

Model 4 1.63 (1.08-2.46)* 1.08 (0.89-1.32) 1 (ref) 0.85 (0.72-0.99)* 0.80 (0.67-0.95) 1.01 (0.81-1.27)

Values are n or hazard ratio (95% Cl) and are weighted except No. of deaths/person years. CVD indicates cardiovascular disease; and LDL-C, low-density

lipoprotein cholesterol.
Model 1: adjusted for age, sex, and race and ethnicity.

Model 2: model 1+ education level, marital status, family income level, smoking status, alcohol intake, and physical activity.

Model 3: model 2+ C-reactive protein level.

Model 4: model 3+ BMI, hypertension, diabetes, respiratory diseases, liver diseases, chronic kidney disease and cholesterol-lowering drugs.

*P < 0.05.

recent results from 6 Chinese cohort showed no as-
sociation of LDL-C with incident hemorrhagic stroke.*3
Furthermore, low levels of LDL-C are also observed
in individuals with PCSKQ variants (Y142X, C679X,
and R46L).444% Previous studies also demonstrated
the reduction in LDL-C levels due to PCSK9 variants
is safe and associated with decreased risks of heart
disease.***® More studies on different races and pop-
ulation deserve attention in the future.

Importantly, the stroke types, ICH and ischemic
stroke (IS), seem to have different associations with
LDL-C levels. A large nested case—control study with
Mendelian randomization analyses showed that low
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LDL-C levels were associated with a higher risk of
ICH and a lower risk of 1S.4” A large clinical trial using
atorvastatin in patients with recent stroke or transient
ischemic attack showed that 80 mg of atorvastatin
per day decreased LDL-C from 132 to 73 mg/dL, re-
duced overall incidence of cardiovascular events, but
increased incidence of ICH.*® Meta-analysis on clinical
trials of statin and non-statin LDL-C lowering therapies
showed the positive effect of lowering-lipid therapies
on decreasing CHD and IS, even though there is al-
ways a doubt on adverse events of ICH, these data
indicated the cardiovascular events would be further
reduced when LDL-C levels are controlled to be very
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Table 4. Associations of LDL-C Levels With Coronary Heart Disease and Stroke Mortality

LDL-C levels
<70 mg/dL 70-99.9 mg/dL 100-129.9 mg/dL 130-159.9 mg/dL 160-189.9 mg/dL >190 mg/dL
CHD mortality
Deaths/ 26/17217 129/68895 241/98192 282/71276 166/33030 104/15415
person-
years
Model 1 1.33 (0.70-2.51) 1.30 (0.85-1.98) 1 (ref) 118 (0.85-1.65) 1.29 (0.94-1.76) 1.59 (1.08-2.33)*
Model 2 114 (0.62-2.10) 1.27 (0.85-1.92) 1 (ref) 1.20 (0.86-1.66) 1.28 (0.94-1.75) 1.57 (1.08-2.28)
Model 3 113 (0.61-2.09) 1.27 (0.84-1.92) 1 (ref) 119 (0.86-1.66) 1.28 (0.93-1.75) 1.58 (1.09-2.30)
Model 4 1.08 (0.58-2.02) 1.32 (0.86-2.00) 1 (ref) 1.22 (0.87-1.72) 1.32 (0.95-1.82) 1.63 (1.12-2.39)*
Stroke mortality
Deaths/ 15/17217 37/68895 76/98192 68/71276 70/33030 29/15415
person-
years
Model 1 3.94 (1.64-9.51) 112 (0.50-2.51) 1 (ref) 1.06 (0.62-1.81) 1.25(0.78-2.02) 0.98 (0.53-1.84)
Model 2 3.75 (1.61-8.70) 110 (0.51-2.40) 1 (ref) 1.08 (0.64-1.80) 1.22 (0.76-1.97) 0.98 (0.53-1.81)
Model 3 3.78 (1.64-8.72) 110 (0.50-2.40) 1 (ref) 1.07 (0.64-1.78) 1.21 (0.75-1.97) 1.00 (0.55-1.82)
Model 4 4.04 (1.83-8.89)* 1.16 (0.54-2.49) 1 (ref) 1.07 (0.63-1.82) 1.22 (0.76-1.94) 1.01 (0.54-1.89)

Values are n or hazard ratio (95% Cl) and are weighted except No. of deaths/person years. CVD indicates cardiovascular disease; and LDL-C, low-density

lipoprotein cholesterol.
Model 1: adjusted for age, sex, and race and ethnicity.

Model 2: model 1+ education level, marital status, family income level, smoking status, alcohol intake, and physical activity.

Model 3: model 2+ C-reactive protein level.

Model 4: model 3+ BMI, hypertension, diabetes, respiratory diseases, liver diseases, chronic kidney disease and cholesterol-lowering drugs.

*P < 0.05.

low.*95% However, the primary outcome of these clini-
cal trials based on incidence of cardiovascular events
rather than CVD or all-cause mortality. Another meta-
analysis of clinical trials found that among patients with
baseline LDL-C<100 mg/dL, LDL-C lowering thera-
pies was not associated with all-cause mortality (RR,
1.00 [95%CI, 0.95-1.06]) and CVD mortality (RR, 0.99
[95%CI, 0.92-1.06])."* Similar to that in all-cause death
and CVD death, results from present study did not
support the net benefits of very low LDL-C levels for
reducing overall stroke and CVD. There might be some
reasons why our results differed from these studies
which supported the net effect of low LDL-C levels on
CVD risks. First, ICH is a serious disease and have a
higher fatality rate than IS,%' death as primary outcome
may strengthen the relationship between low level of
LDL-C and overall stroke. Second, most of clinical trials
have a short follow-up period no longer than 5years,
it is limited for observing the occurrence of ICH even
though with very low LDL-C levels by lipid-lowering
therapies. Third, lowering-lipid therapies apply to the
groups who are more likely to have ASCVD, as com-
pared with general population, it can play a more posi-
tive role in delaying the progression of the ASCVD.

In addition, non-HDL-C level, accounting for the
small dense LDL phenotype and triglyceride remnants,
was increasingly mentioned in guidelines®%? for the
management of blood lipids. The previous large-scale
population-based study found the positive associations
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between the non-HDL-C level and all-cause and CVD
mortality.® A previous cohort study based on 30554
Japanese individuals also showed the inverse associ-
ation between the non-HDL-C level and intracerebral
hemorrhage (ICH),%% and positive association between
the non-HDL-C level and CHD events.?® These epide-
miological evidences highlighted the risks of high non-
HDL-C level for CHD and ischemic stroke,%3%* Given
study revealing the risks of low non-HDL-C level for ICH
events and stroke mortality is sparce, appropriate level
of non-HDL-C for population needed to be fully clarified
in future studies.

Taken together, the evidence from numerous co-
horts and clinical trials suggested that both very low
and very high LDL-C levels are linked to an increased
risk of CVD events, it is important to maintain a moder-
ate level of LDL-C by healthy lifestyle and lipid-lowering
medications. The cholesterol guidelines recommend
different cholesterol managements based on risks of
ASCVD events.?? Although CHD and IS were included
in ASCVD events, ICH was not,®® persisting in very low
level of LDL-C for reducing risk of ASCVD, which may
increase the risk of ICH. Given the steadily descend-
ing trend of LDL-C levels and increasing use of lipid-
lowering medications in U.S. adults,*® the potential
harmful effect of very low LDL-C levels deserves atten-
tion and should be considered in the development of
risk assessment tool and future clinical guidelines on
blood cholesterol goal.
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Furthermore, a clinical trial among older adults
without baseline CVD demonstrated that statin treat-
ment did not improve the adverse outcomes (eg,
overall deaths, CVD deaths, CHD deaths and stroke
deaths) for primary cardiovascular prevention.®®
Guidelines also showed lower strength recommenda-
tions in older adults for statin uses than in younger
adults.®"%2 A meta-analysis on benefits of statin in
primary prevention, including 24674 elderly sub-
jects, demonstrated statin use did not significantly
reduce the risk of all-cause and CVD mortality.®”
Another meta-analysis of clinical trials showed that
for people without vascular disease, net benefits of
statins on cardiovascular events were found in adults
younger than 70years of age, not in adults older than
70years.® Notably, advanced age was the risk factor
of the adverse outcomes of statin use, including dia-
betes®® and muscle symptoms.®® These studies high-
lighted that the role of age and statins use on adverse
outcomes needed to be further investigated in future
studies.

The main strengthens of this study is based on na-
tionally representative sample, suggesting that present
findings could be better extrapolated to the general
population. Moreover, with more than 20years of ob-
servation, this study allowed determining and quanti-
fying the long-term risk associated with LDL-C levels.
Additionally, a variety of confounding factors provided
from NAHNES Il data were controlled for the more
accurate estimates. The prevalence of lipid-lowering
therapy was 3.4% in NHANES llI, with little impact on
LDL-C level among US. adults,* hence the associations
between LDL-C and outcomes were less confounded
by lipid-lowering therapies.

This study has several limitations. First, given the
observational nature of this study, we could not es-
tablish causality between LDL-C levels and the risk of
mortality. Second, the LDL-C levels were only avail-
able at baseline. The single measurement of LDL-C
indeed not reflected the average levels in the long
follow-up. Third, the timing of baseline samples in
this study was before the widespread uptake of the
lipids lowering drugs, such as statins use. Temporal
increasing trends in statin utilization may attenuate
the increased risks of CVD and CHD death in those
with the highest LDL-C levels at baseline, thus present
study may underestimate the risk of high LDL-C levels
for CVD and CHD mortality.* Fourth, NHANES data
could not provide the number of deaths from stroke
subtypes (ICH and IS), which may limit the power to
identify the association between the LDL-C level and
mortality from subtypes of stroke. Fifth, although we
have adjusted for many potential confounders in this
study, we are unable to completely rule out residual
confounding from unmeasured factors and a small
amount of missing data.
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CONCLUSION

Among U.S. adults, both very low and very high LDL-C
levels were associated with increased risks of CVD
mortality. Very low LDL-C levels was also associated
with the increased risks of all-cause and stroke mortal-
ity. These findings indicated the adverse outcomes of
both very high and very low LDL-C levels, providing a
new light of lipid control in clinic and lifestyle.
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SUPPLEMENTAL MATERIAL



Table S1. Cardiovascular Disease and Cancer Definitions in NHANES I11.

ICD-10
Cardiovascular disease (CVD) 100-109, 111, 113, 120-151, 160-169
Heart disease 100-109, 111, 113, 120-151
Stroke 160-169
Cancer C00-C97

Variable definitions constructed using ICD-10 and self-reported data fields with choice-,
disease- or procedure-specific codes between brackets are shown.

Abbreviations: ICD, International Classification of Diseases.



Table S2. Sensitivity analysis in participants with completed data on all variables.

LDL-C levels (n =9,962)

<70 mg/dL

70-99.9 mg/dL

100-129.9

mg/dL

130-159.9

mg/dL

160-189.9

mg/dL

> 190 mg/dL

All-cause mortality

Model 1
Model 2
Model 3
Model 4
CVD mortality
Model 1
Model 2

Model 3

1.68 (1.13-2.50)
1.51 (1.03-2.21)
1.49 (1.02-2.17)

1.47 (1.02-2.11)

1.55 (0.88-2.73)
1.36 (0.77-2.38)

1.31 (0.74-2.34)

1.00 (0.79-1.26)
0.98 (0.78-1.23)
0.99 (0.78-1.24)

0.99 (0.78-1.24)

1.19 (0.76-1.87)
1.18 (0.75-1.86)

1.20 (0.78-1.85)

1 (ref)
1 (ref)
1 (ref)

1 (ref)

1 (ref)
1 (ref)

1 (ref)

0.90 (0.77-1.05)
0.90 (0.77-1.06)
0.90 (0.76-1.05)

0.88 (0.75-1.03)

1.12 (0.72-1.73)
1.13 (0.71-1.79)

1.12 (0.71-1.76)

0.88 (0.72-1.08)
0.84 (0.69-1.02)
0.83 (0.68-1.01)

0.84 (0.69-1.03)

1.25 (0.87-1.79)
1.18 (0.78-1.80)

1.18 (0.77-1.79)

1.17 (0.91-1.50)
1.13 (0.85-1.49)
1.14 (0.86-1.51)

1.16 (0.89-1.52)

1.61 (1.06-2.44)
1.55 (1.00-2.42)

1.58 (1.01-2.46)



Model 4 1.31(0.74-2.31)  1.19(0.77-1.82) 1 (ref) 1.09 (0.69-1.73)  1.18(0.76-1.82)  1.60 (1.03-2.50)
CHD mortality

Model 1 0.94 (0.23-3.81)  1.20(0.78-1.86) 1 (ref) 1.16 (0.75-1.80)  1.28 (0.85-1.94)  1.83 (1.09-3.06)
Model 2 0.78 (0.19-3.11)  1.20(0.77-1.86) 1 (ref) 1.17 (0.73-1.87)  1.21(0.75-1.96)  1.74 (0.98-3.07)
Model 3 0.75(0.19-3.02)  1.21(0.79-1.86) 1 (ref) 1.16 (0.73-1.85)  1.21(0.74-1.96)  1.76 (1.00-3.11)
Model 4 0.73(0.18-2.93)  1.19(0.78-1.83) 1 (ref) 1.16 (0.73-1.84)  1.22 (0.74-1.98)  1.83 (1.04-3.19)
Stroke mortality

Model 1 3.75(0.99-14.27) 1.17 (0.33-4.17) 1 (ref) 0.97 (0.43-2.21)  1.13(0.50-2.55)  0.84 (0.29-2.45)
Model 2 4.00 (1.05-15.16) 1.13 (0.32-4.03) 1 (ref) 0.95(0.42-2.14)  1.06 (0.46-2.43)  0.82 (0.28-2.44)
Model 3 3.85(1.00-14.78) 1.15(0.33-4.01) 1 (ref) 0.93(0.42-2.10)  1.03 (0.44-2.42)  0.83 (0.28-2.49)
Model 4 4.46 (1.16-17.17) 1.13(0.33-3.86) 1 (ref) 0.87 (0.38-1.98)  0.98 (0.40-2.37)  0.79 (0.26-2.34)

Values are hazard ratio (95% confidence interval) and are weighted.
Model 1: adjusted for age, sex, and race/ethnicity.

Model 2: model 1+ education level, marital status, family income level, smoking status, alcohol intake, and physical activity.



Model 3: model 2+ C-reactive protein level.

Model 4: model 3+ BMI, hypertension, diabetes, respiratory diseases, liver diseases, chronic kidney disease, and cholesterol-lowering drugs.



Table S3. Sensitivity analysis in participants not taking lipids lowering drugs in baseline.

LDL-C levels (n =13,740)

<70 mg/dL

70-99.9 mg/dL

100-129.9 mg/dL  130-159.9 mg/dL

160-189.9 mg/dL

> 190 mg/dL

All-cause mortality

Model 1
Model 2
Model 3
Model 4
CVD mortality
Model 1
Model 2
Model 3

Model 4

1.69 (1.25-2.28)
1.50 (1.13-2.00)
1.50 (1.12-2.00)

1.44 (1.08-1.92)

1.80 (1.14-2.85)
1.60 (1.02-2.52)
1.59 (1.01-2.52)

1.54 (0.97-2.44)

1.04 (0.87-1.24)
1.01 (0.85-1.20)
1.01 (0.85-1.20)

1.02 (0.85-1.21)

1.26 (0.84-1.90)
1.24 (0.83-1.86)
1.24 (0.83-1.86)

1.28 (0.85-1.93)

1 (ref)
1 (ref)
1 (ref)

1 (ref)

1 (ref)
1 (ref)
1 (ref)

1 (ref)

0.89 (0.80-1.00)
0.90 (0.82-0.99)
0.89 (0.81-0.98)

0.90 (0.81-1.00)

1.16 (0.84-1.59)
1.18 (0.86-1.61)
1.17 (0.85-1.59)

1.18 (0.86-1.63)

0.88 (0.76-1.02)
0.86 (0.75-0.99)
0.86 (0.75-0.98)

0.88 (0.77-1.02)

1.22 (0.92-1.62)
1.22 (0.93-1.61)
1.22 (0.92-1.61)

1.27 (0.96-1.68)

1.03 (0.86-1.24)
1.02 (0.84-1.24)
1.03 (0.85-1.25)

1.04 (0.84-1.28)

1.39 (0.99-1.96)
1.39 (1.00-1.93)
1.40 (1.01-1.95)

1.42 (1.01-2.00)



CHD mortality

Model 1 1.34 (0.71-2.53)  1.31(0.84-2.03) 1 (ref) 1.20 (0.86-1.69)  1.23(0.89-1.71)  1.56 (1.02-2.38)
Model 2 1.15(0.62-2.15)  1.28(0.84-1.97) 1 (ref) 1.22 (0.88-1.71)  1.24(0.90-1.71)  1.55 (1.02-2.35)
Model 3 1.15(0.62-2.13)  1.28(0.83-1.97) 1 (ref) 1.22 (0.87-1.70)  1.24(0.89-1.71)  1.56 (1.03-2.37)
Model 4 1.08 (0.58-2.04)  1.32(0.85-2.04) 1 (ref) 1.24 (0.87-1.75)  1.30 (0.93-1.81)  1.59 (1.03-2.44)
Stroke mortality
Model 1 3.48(1.39-8.71)  1.12(0.50-2.49) 1 (ref) 1.02 (0.59-1.74)  1.19(0.75-1.86)  0.88 (0.47-1.66)
Model 2 3.31(1.37-8.00)  1.10(0.51-2.37) 1 (ref) 1.02 (0.61-1.72)  1.14(0.73-1.80)  0.87 (0.46-1.62)
Model 3 3.34(1.39-8.02)  1.10(0.51-2.38) 1 (ref) 1.01 (0.60-1.68)  1.13(0.71-1.79)  0.89 (0.48-1.64)
Model 4 3.63(1.58-8.38)  1.16 (0.55-2.48) 1 (ref) 1.01 (0.59-1.72)  1.14(0.72-1.81)  0.89 (0.46-1.72)

Values are hazard ratio (95% confidence interval) and are weighted.
Model 1: adjusted for age, sex, and race/ethnicity.
Model 2: model 1+ education level, marital status, family income level, smoking status, alcohol intake, and physical activity.

Model 3: model 2+ C-reactive protein level.



Model 4: model 3+ BMI, hypertension, diabetes, respiratory diseases, liver diseases, and chronic kidney disease.
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