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ABSTRACT
Objectives Incident ischaemic stroke (IS) risk may 
increase not only with lipids concentration but also 
with longer duration of exposure. This study aimed to 
investigate the impact of cumulative burden of lipid profiles 
on risk of incident IS.
Methods A total of 43 836 participants were enrolled who 
participated in four surveys during 2006–2013. Individual 
cumulative lipid burden was calculated as number of 
years (2006–2013) multiplied by the levels of low- density 
lipoprotein cholesterol (LDL- C), total cholesterol (TC), high- 
density lipoprotein cholesterol (HDL- C), non- HDL- C and 
triglyceride (TG), respectively. The primary outcome was 
defined as the incident IS during 2012–2017.
Results During 4.67 years (±0.70 years) follow- up on 
average, we identified 1023 (2.33%) incident IS. Compared 
with respective reference groups, the HRs (95% CIs) of the 
upper tertile in cumulative TG burden, cumulative LDL- C 
burden, cumulative TC burden and cumulative non- HDL- C 
burden were 1.26 mmol/L (1.02–1.55 mmol/L), 1.47 
mmol/L (1.25–1.73 mmol/L), 1.33 mmol/L (1.12–1.57 
mmol/L) and 1.51 mmol/L (1.28–1.80 mmol/L) for 
incidence of IS, respectively. However, this association 
was not significant in cumulative HDL- C burden and IS 
(HR: 1.09; 95% CI: 0.79 to 1.52), after adjustment for 
confounding variables. Among 16 600 participants with low 
cumulative LDL- C burden, HRs (95% CI) for TC, TG, non- 
HDL- C and HDL- C with IS were 1.63 mmol/L (1.03–2.57 
mmol/L), 1.65 mmol/L (1.19–2.31 mmol/L), 1.57 mmol/L 
(1.06–2.32 mmol/L) and 0.98 mmol/L (0.56–1.72 mmol/L), 
respectively.
Conclusions We observed the correlation between 
cumulative burden of lipid profiles, except for cumulative 
burden of HDL- C, with the risk of incident IS. Cumulative 
burden of TC, TG and non- HDL- C may still predict IS in 
patients with low cumulative LDL- C burden.
Trial registration number ChiCTR- TNRC-11001489.

INTRODUCTION
Hyperlipidaemia has been widely docu-
mented to be associated with higher cardi-
ovascular disease and ischaemic stroke (IS) 
risk.1 2 Although lowering low- density lipopro-
tein cholesterol (LDL- C) levels is the primary 
target of therapy in most clinical guidelines,3–5 
accumulating evidence indicates that other 
lipoprotein- lipid measurements could provide 
a predictive value over and above that of LDL- C 

levels.6 For example, individuals with low 
levels of high- density lipoprotein cholesterol 
(HDL- C) are also likely to experience cardi-
ovascular events.7 8 Furthermore, individuals 
treated with statins who achieve low LDL- C 
levels, but have high concentrations of either 
non- HDL- C or apolipoprotein B (ApoB), 
remain at increased cardiovascular risk.9 10

More importantly, atherosclerosis is a slowly 
progressive disorder influenced by subop-
timal lipid levels. Long- term versus contem-
porary lipid levels may more strongly impact 
the development of atherosclerosis disease.11 
Ference et al described the cumulative effect 
of lipid- carrying lipoproteins on the risk of 
cardiovascular disease.12 Once the threshold 
of cumulative LDL- C has been exceeded, 
the risk of experiencing an acute coronary 
syndrome in response to continued plaque 
growth increases log linearly.13 Previous 
study proposed that the causal effect of 
LDL- C on the risk of cardiovascular disease 
is determined by both the magnitude and 
the cumulative duration of exposure to these 
lipoproteins.14 Additionally, the UK Biobank 
study demonstrated the association between 
long- term exposure to lower levels of LDL- C 
and with lower risks of cardiovascular events, 
in a dose- dependent way.15

Stroke remains the leading cause of disability 
and mortality worldwide.16 17 The primary 
prevention of stroke is of great importance. 
Few studies have examined the association of 
exposure duration of lipid levels with incident 
IS in general population. In this prospective 
study, we aimed to investigate the effect of 
cumulative burden of lipid parameters on 
subsequent IS in general population and its 
residual risk in participants maintaining an 
ideal LDL- C level.

METHODS
Study population
The Kailuan study is a prospective cohort 
study designed to investigate the risk factors 
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or common non- communicable diseases by collecting 
data from health examinations.12 18–20 The study design 
has been detailed previously. The Kailuan study prospec-
tively enrolled 101 510 participants aged 18–98 years 
agreed to participate and completed the first survey from 
June 2006 to October 2007 (referred to as the 2006 survey 
here). Participants underwent questionnaire surveys, 
physical examinations and laboratory tests in 11 hospitals 
responsible for the healthcare of the community bien-
nially in the four surveys (2006–2007, 2008–2009, 2010–
2011 and 2012–2013) to calculate the cumulative burden 
of lipid profile. The current study is a pre- designed suba-
nalysis of the Kailuan study. A diagram of the current 
study was presented in supplementary materials (online 
supplemental figure S1). Of these 101 510 participants, 
there were 47 832 participants who completed all the 
four surveys. After excluding 1399 participants with any 
stroke (IS or haemorrhagic stroke), myocardial infarc-
tion, cancer until last examination and 2594 participants 
with missing data on any of the study variables in the four 
surveys, 43 836 participants were included in the final 
analysis (figure 1).

This study was approved by the ethics committee of 
the Kailuan General Hospital. All subjects have signed 
informed consents. De- identified data were used for 
analyses.

Lipid measurements
Blood samples were obtained from the antecubital vein 
after an overnight fasting and transfused into vacuum 
tubes containing EDTA. Serum was separated immedi-
ately and stored at 4 °C. The analysis was conducted within 
4 hours of blood sample collection using an auto- analyzer 
(Hitachi 747; Hitachi, Tokyo, Japan) at the central labo-
ratory of the Kailuan Hospital. TC was measured using 
the endpoint test method. HDL- C and LDL- C levels 

were measured using a direct test method and TG were 
measured using the glycerol phosphate oxidase (GPO) 
method (inter- assay coefficient of variation: <10%; Mind 
Bioengineering Co, Shanghai, China). Non- HDL- C levels 
were determined by subtracting serum HDL- C levels from 
total cholesterol.21

Definition of cumulative lipid burden and scoring
We applied 5.2 mmol/L (200 mg/dL), 2.26 mmol/L(200 
mg/dL),2.6 mmol/L (100 mg/dL), 1.0 mmol/L(40 mg/
dL) and 3.4 mmol/L (130 mg/dL) as cut- off values of TC, 
TG, LDL- C, HDL- C and non- HDL- C respectively, for the 
calculation of cumulative burden of lipid profile.22 Cumula-
tive burden of individual lipid or lipoprotein was calculated 
according to the equation below:

Cumulative burden=((value1+value2)/2–cut- 
off)×interval years1–2+((value2+value3)/2–cut- off)×interval 
years2–3+((value3+value4)/2–cut- off)×interval years3–4.

23

When the average of value1+value2 was lower than its cut- 
off value, the corresponding cumulative burden between the 
two consecutive visits would be defined as 0. Participants who 
had cumulative burden of individual lipid or lipoprotein >0 
were classified into tertile groups, and defined as a cumula-
tive burden score of 1, 2 and 3, respectively.

Assessment of potential covariates
Information on age, sex, smoking, physical activity, alcohol 
drinking and medication histories (eg, hypoglycaemic, anti-
hypertensive and lipid- lowering agents) was collected via 
a questionnaire survey as detailed previously.24 Weight and 
height were measured by trained nurses. Body mass index 
(BMI) was calculated as weight in kilogrammes divided by 
the square of height in metres.

Study outcome and follow-up
The primary outcome was the first occurrence of IS. Second 
outcomes included myocardial infarction and all- cause death. 
Ascertainment of incident IS was described previously.25 IS 
was defined according to ICD-10 (international Classifica-
tion of diseases (ICD)) criteria (codes I63 or I64) based on 
characteristic signs, symptoms and finding of brain CT or 
MRI. Myocardial infarction was defined according to ICD-10 
criteria (codes I21 or I22) based on a clinical history of typical 
cardiac symptoms, cardiac biomarkers and changes on serial 
electrocardiograms. Mortality data were obtained from the 
registration information on State Vital Statistics Office. To 
collect outcome data, the follow- up of the study population 
was continued from 1 January 2012 until the occurrence of 
any defined IS, or 31 December 2017, whichever came first.

Statistical analysis
Continuous variables were presented in medians (IQRs) 
and compared between groups using the non- parametric 
Wilcoxon test. Categorical variables were presented as 
percentages and tested by χ2 test. We used Cox proportional 
hazards models to estimate HRs and 95% CIs of the study 
outcome based on cumulative burden of lipid profile. We 
fit three multivariate models: model 1 adjusted for age and 
sex; model 2 further adjusted for physical activity (never, four 

Figure 1 Flowchart of the study. HDL, high- density 
lipoprotein; LDL, low- density lipoprotein; TC, total 
cholesterol; TG, triglyceride.
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times a week or ≥four times a week), smoking status (never, 
past or current smoker), alcohol status (never, past drinker, 
current drinker: 2, 2–4 or ≥5 servings per day) and smoking 
status (never, past or current smoker), at baseline (the survey 
of 2012–2013); and model 3 further adjusted for history of 
hypertension, diabetes mellitus, hypercholesterolaemia. 
Cumulative burden of lipid profiles were also treated as 
continuous variables in complementary analysis. Each cumu-
lative burden of lipid profile was divided into four groups by 
quartiles. We also performed stratified analysis to test associ-
ation between cumulative burden of lipid profiles and IS by 
one time point of LDL levels. To test the residual risk of IS, 
we additionally performed Cox proportional hazards models 
to estimate the association between the cumulative burden 
of other lipid profiles and incidence of IS in participants 
with cumulative LDL- C burden=0, which represented low 
cumulative LDL- C burden. The cumulative incidence of the 
outcomes by cumulative burden groups was calculated using 
the Kaplan- Meier approach.

Formal hypothesis testing was two- sided with a significance 
level of 0.05. All statistical analyses were conducted using SAS 
V.9.4.

RESULTS
Study population
A total of 43 836 participants were enrolled in this study. 
We presented comparison between participants included 
and excluded (table 1). There were differences in age, sex, 
BMI, smoker, history of hypertension, diabetes mellitus, 

hypercholesterolaemia between participants included 
and excluded. During the follow- up period (from 2012 to 
2017) of 4.67±0.70 years, we identified 1023 (2.33%) inci-
dent IS cases among 43 836 participants. Events number 
of myocardial infarction and all- cause death were 272 
(0.62%) and 1343 (3.06%).

Individual cumulative burdens and risk of IS
After multivariable adjustment for confounding factors 
at baseline (the survey of 2012–2013), compared with 
the reference group, higher cumulative TG, LDL- C, TC 
and non- HDL- C burden were associated with increased 
incident IS risk in a dose–response pattern, except for 
TG (p for trend=0.18). Compared with respective refer-
ence groups, the upper tertile in cumulative TG burden 
increased 26% risk of IS (HR: 1.26; 95% CI: 1.02 to 1.55); 
the upper tertile in cumulative LDL- C burden increased 
47% risk of IS (HR: 1.47; 95% CI: 1.25 to 1.73); the upper 
tertile in cumulative TC burden increased 33% risk of IS 
(HR: 1.33; 95% CI: 1.12 to 1.57); and the upper tertile 
in cumulative non- HDL- C burden increased 51% risk of 
IS (HR: 1.51; 95% CI: 1.28 to 1.80), after adjustment for 
confounding variables. However, this association was not 
observed in HDL- C and IS (HR: 1.09; 95% CI: 0.79 to 
1.52) (table 2).

In addition, the adjusted HRs for the highest group 
versus lowest group of cumulative TG, TC, LDL and non- 
HDL burden were 1.61 (95% CI: 1.09 to 2.38), 2.01 (95% 
CI: 1.47 to 2.75), 1.88 (95% CI: 1.36 to 2.59) and 2.94 

Table 1 Baseline characteristics of participants included versus not included in this subanalysis of the Kailuan cohort

Variable
Participants included
(n=43 836)

All other participants
(n=57 674) P value

N (%) 43.18 56.82

Age, years 60.54 (53.03–67.75) 54.43 (47.94–62.75) <0.0001

Women, % 10 896 (24.86) 9504 (16.48) <0.0001

HDL cholesterol, mmol/L 1.33 (1.12–1.58) 1.33 (1.12–1.59) 0.9251

LDL cholesterol, mmol/L 2.46 (1.92–3.00) 2.59 (2.09–3.14) <0.0001

TG, mmol/L 1.24 (0.89–1.91) 1.23 (0.89–1.86) 0.0471

TC, mmol/L 4.98 (4.38–5.68) 5.01 (4.39–5.70) 0.0035

Non- HDL, mmol/L 3.61 (3.00–4.30) 3.76 (3.11–4.47) <0.0001

Systolic blood pressure, mm Hg 130.00 (120.00–140.00) 130.67 (120.00–148.00) <0.0001

hsCRP, mg/L 1.01 (0.33–2.07) 1.05 (0.34–2.19) 0.0003

BMI, kg/m2 24.77 (22.84–27.06) 26.61 (23.14–29.18) 0.0012

Diabetes mellitus, % 2135 (4.93) 1220 (5.18) 0.1570

Hypertension, % 7284 (16.82) 3734 (15.86) 0.0014

Hypercholesterolaemia, n (%) 2403 (5.55) 1166 (4.95) 0.0011

Never smoker, % 29 233 (67.52) 41 572 (72.08) 0.1570

Antiplatelet therapy, % 159 (0.36) 154 (0.65) <0.0001

Antihypertensive medication, % 0 (0.00) 2727 (11.66) <0.0001

Antidiabetic medication, % 0 (0.00) 858 (3.66) <0.0001

Lipid- lowering medication, % 371 (0.85) 169 (80.09) <0.0001

BMI, body mass index; HDL, high- density lipoprotein; hsCRP, hypersensitive C- reactive protein; LDL, low- density lipoprotein; TC, total 
cholesterol; TG, triglyceride.
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(95% CI: 2.06 to 4.19) for myocardial infarction. The 
relationship between HDL and myocardial infarction was 
not significant (online supplemental table S1). These 
results were similar with HRs for IS. After adjusted for 
confounding variables, only cumulative LDL was associ-
ated with all- cause death (HR: 1.14, 95% CI: 1.00 to 1.31) 
(online supplemental table S2).

Complementary and sensitivity analysis
Online supplemental table S3 showed the associa-
tion between each cumulative burden of lipid profiles 

treated as continuous variables and IS. The adjusted 
HRs for the highest versus lowest quartiles of TG, TC, 
LDL and non- HDL were 1.43 (95% CI: 1.19 to 1.72), 
1.41 (95% CI: 1.16 to 1.72), 1.46 (95% CI: 1.22 to 1.74) 
and 1.52 (95% CI: 1.26 to 1.83) for IS, respectively. 
However, this association was not significant in HDL- C 
and IS (HR: 0.94, 95% CI: 0.79 to 1.13). As shown 
above, results remained consistent when cumulative 
TG, LDL- C, TC, non- HDL- C and HDL- C burden were 
treated as continues variables.

Table 2 HRs and 95% CIs of IS according to different cumulative burden of lipid parameters

Events, N=1023 Incidence rate

Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

TG burden (mmol/L)

0 709 2.22 Reference Reference Reference

1 100 2.53 1.23 (1.00 to 1.52) 1.25 (1.02 to 1.55) 1.17 (0.95 to 1.44)

2 104 2.63 1.34 (1.09 to 1.65) 1.33 (1.08 to 1.64) 1.22 (0.99 to 1.50)

3 110 2.78 1.48 (1.21 to 1.82) 1.42 (1.15 to 1.74) 1.26 (1.02 to 1.55)

P for trend 0.0082 0.0194 0.18

TC burden (mmol/L)

0 425 1.94 Reference Reference Reference

1 172 2.36 1.18 (0.99 to 1.41) 1.20 (1.00 to 1.43) 1.18 (0.99 to 1.41)

2 212 2.9 1.39 (1.18 to 1.64) 1.39 (1.18 to 1.64) 1.32 (1.11 to 1.560)

3 214 2.93 1.42 (1.21 to 1.68) 1.42 (1.20 to 1.67) 1.33 (1.12 to 1.57)

P for trend 0.0036 0.0051 0.035

LDL- C burden (mmol/L)

0 315 1.9 Reference Reference Reference

1 212 2.34 1.30 (1.09 to 1.55) 1.31 (1.09 to 1.56) 1.31 (1.10 to 1.57)

2 212 2.33 1.23 (1.04 to 1.47) 1.24 (1.04 to 1.48) 1.22 (1.03 to 1.46)

3 284 3.13 1.50 (1.28 to 1.76) 1.52 (1.29 to 1.79) 1.47 (1.25 to 1.73)

P for trend 0.0032 0.0013 0.005

HDL- C burden (mmol/L)

0 920 2.3 Reference Reference Reference

1 26 2.08 0.85 (0.58 to 1.26) 0.82 (0.55 to 1.22) 0.78 (0.52 to 1.16)

2 40 3.19 1.34 (0.98 to 1.84) 1.34 (0.98 to 1.84) 1.24 (0.90 to 1.71)

3 37 2.96 1.20 (0.86 to 1.66) 1.19 (0.86 to 1.66) 1.09 (0.79 to 1.52)

P for trend 0.16 0.18 0.48

Non- HDL- C burden (mmol/L)

0 242 1.71 Reference Reference Reference

1 199 2.01 1.17 (0.97 to 1.41) 1.16 (0.96 to 1.41) 1.14 (0.94 to 1.37)

2 270 2.73 1.51 (1.27 to 1.80) 1.51 (1.27 to 1.80) 1.45 (1.21 to 1.72)

3 312 3.15 1.68 (1.42 to 1.99) 1.67 (1.41 to 1.98) 1.51 (1.28 to 1.80)

P for trend <0.0001 <0.0001 0.004

Model 1 was adjusted for age and sex.
Model 2 was adjusted for model 1 plus BMI (≥30 kg/㎡, 25–29.9 kg/㎡, 18.5–24.9 kg/㎡ and <18.5 kg/㎡) and physical activity, smoker and 
alcohol intake.
Model 3 was adjusted for model 2 plus history of hypertension, diabetes mellitus and hypercholesterolaemia.
BMI, body mass index; HDL- C, high- density lipoprotein cholesterol; IS, ischaemic stroke; LDL- C, low- density lipoprotein cholesterol; TC, total 
cholesterol; TG, triglyceride.
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(Online supplemental table S4 showed that cumula-
tive LDL burden was still associated with IS incidence in 
participants with LDL <2.6 mmol/L in the last examina-
tion (HR: 1.12, 95% CI: 1.04 to 1.47).

Cumulative burden and residual risk of outcomes
Online supplemental table S5 presented baseline charac-
teristics of participants with cumulative LDL- C burden=0 
versus >0. Participants with cumulative LDL- C burden =0 
and >0 were 16 600 and 27 236, respectively. Compared 
with those with cumulative LDL- C burden=0, partici-
pants with cumulative LDL- C >0 were elder, had higher 
levels of TG, TC, LDL- C, non- HDL- C, systolic blood pres-
sure, higher proportion of smoker, history with diabetes 
mellitus and hypercholesterolaemia.

Among 16 600 participants with cumulative LDL- C 
burden=0, 315 (1.90%) cases of incident IS were identified. 

In participants with cumulative LDL- C burden=0, higher 
cumulative TG, TC and non- HDL- C burden were asso-
ciated with increased residual risk for incident IS in a 
dose–response pattern (table 3). Compared with respec-
tive reference groups, the upper tertile in cumulative 
TG burden increased 65% risk of IS (HR: 1.65; 95% CI: 
1.19 to 2.31); the upper tertile in cumulative TC burden 
increased 63% risk of IS (HR: 1.63; 95% CI: 1.03 to 2.57) 
and the upper tertile in cumulative non- HDL- C burden 
increased 57% risk of IS (HR: 1.57; 95% CI: 1.06 to 2.32), 
after adjustment for confounding variables. Cumulative 
HDL burden was still not significantly associated with IS 
(HR: 0.98; 95% CI: 0.56 to 1.72).

Kaplan- Meier cumulative event curves likewise 
suggested a higher risk for incident IS in higher tertiles 
of cumulative TG, TC and non- HDL- C burden especially 

Table 3 Lipids burden related residual risk beyond LDL- C in participants with low cumulative LDL- C burden

Cumulative 
LDL- C =0

IS

Events, N=315 Incidence rate (%)

Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

TG burden (mmol/L)

0 221 1.73 Reference Reference Reference

1 21 1.81 1.06 (0.68 to 1.65) 1.08 (0.69 to 1.69) 1.01 (0.65 to 1.59)

2 26 2.13 1.34 (0.89 to 2.01) 1.34 (0.89 to 2.01) 1.20 (0.80 to 1.82)

3 47 3.23 2.00 (1.45 to 2.75) 1.87 (1.35 to 2.59) 1.65 (1.19 to 2.31)

P for trend <0.0001 0.0002 0.005

TC burden (mmol/L)

0 216 1.75 Reference Reference Reference

1 37 1.68 0.92 (0.65 to 1.31) 0.94 (0.66 to 1.34) 0.91 (0.64 to 1.29)

2 40 2.74 1.43 (1.02 to 2.00) 1.42 (1.00 to 2.00) 1.35 (0.95 to 1.90)

3 22 3.61 1.88 (1.21 to 2.92) 1.80 (1.14 to 2.82) 1.63 (1.03 to 2.57)

P for trend 0.0032 0.0063 0.024

HDL burden 
(mmol/L)

0 275 1.86 Reference Reference Reference

1 11 1.97 1.08 (0.59 to 1.97) 0.92 (0.47 to 1.80) 0.94 (0.48 to 1.84)

2 14 2.20 1.20 (0.70 to 2.05) 1.16 (0.66 to 2.04) 1.11 (0.63 to 1.94)

3 15 2.33 1.15 (0.69 to 1.91) 1.02 (0.58 to 1.79) 0.98 (0.56 to 1.72)

P for trend 0.59 0.78 0.95

Non- HDL burden (mmol/L)

0 160 1.63 Reference Reference Reference

1 63 1.81 1.09 (0.81 to 1.46) 1.08 (0.80 to 1.45) 1.04 (0.77 to 1.40)

2 60 2.63 1.51 (1.12 to 2.03) 1.52 (1.13 to 2.05) 1.41 (1.04 to 1.90)

3 32 3.21 1.81 (1.24 to 2.64) 1.78 (1.20 to 2.62) 1.57 (1.06 to 2.32)

P for trend 0.0003 0.0004 0.005

Model 1 was adjusted for age and sex.
Model 2 was adjusted for model 1 plus BMI (≥30 kg/㎡, 25–29.9 kg/㎡, 18.5–24.9 kg/㎡ and <18.5 kg/㎡) and physical activity, smoker and 
alcohol intake.
Model 3 was adjusted for model 2 plus updated hypertension, diabetes mellitus and hypercholesterolaemia.
HDL, high- density lipoprotein; IS, ischaemic stroke; LDL- C, low- density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.
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at late time points, except for cumulative HDL- C burden 
(figure 2).

DISCUSSION
In this large community- based prospective study of 47 
832 Chinese adults, we observed that: (1) participants 
with the higher cumulative burden of TG, TC, LDL- C 
and non- HDL- C burden, as compared with those in low 
group, was more likely to develop stroke. (2) While this 
relationship did not exist in cumulative burden of HDL- C, 
higher cumulative burden of TG, TC, LDL- C and non- 
HDL- C burden, except for cumulative HDL- C burden, 
was consistently associated with higher subsequent IS risk 
in participants with low cumulative burden of LDL- C. 
Primary prevention for IS should not only focus on the 
magnitude of lipid burden at one time point but also take 
the prior duration of cumulative lipid profiles exposure 
into consideration.

Because the natural history of atherosclerosis is 
prolonged, the risk of clinical events rises exponentially 
late in life.26 Incorporating both the LDL- C concentra-
tion and exposure duration into a single risk parameter 
for future cardiovascular events is intuitively appealing. 
A previous study derived from Framingham Offspring 
Cohort data suggested that cumulative exposure to 
hyperlipidaemia in young adulthood increases the subse-
quent risk of coronary heart disease in a dose- dependent 
fashion.26

Cumulative exposure to hyperlipidaemia in young 
adulthood increases the subsequent risk of coronary 
heart disease in a dose- dependent fashion. In patients 
with systemic lupus erythematosus, first- available TC was 
not predictive of cardiovascular disease among patients, 
in whom measures reflecting cumulative exposure over 
time are better able to quantify cardiovascular disease 
risk.27 These studies stress the importance of cumulative 
exposure on lipid levels.

Our study extended the previous works by not only 
showing the cumulative burden of LDL- C, but also other 
ApoB- containing lipoproteins.28 However, Mendelian 
randomisation studies have not indicated any causality 
between HDL- C and cardiovascular disease.29–31 Cumula-
tive burden of HDL- C also showed no significant relation-
ship with incident IS in the current study.

Moreover, clinical trials evaluating lipid- lowering 
therapy for primary prevention have mostly been limited 
to intermediate- risk and high- risk groups32–34; studies 
evaluating the association of other lipid profiles with inci-
dent IS, specifically in the group of low LDL- C burden, 
are limited despite the fact that this group accounts for 
a rather high percentage of the population. Clinical 
evidence suggests that the residual cardiovascular risk 
observed in patients with well- controlled LDL- C levels 
can be, in part, explained by residual lipid risk factor.11 35 
Residual hypertriglyceridaemia occurs over one- fifth (5.5 
million) of US adults with diabetes, including those on 
statin therapy and well- controlled LDL- C. Over three 
quarters of adults with diabetes with hypertriglyceri-
daemia are at moderate or high 10- year risk for athero-
sclerotic cardiovascular disease.36 Using the database of 
our Chronic Heart Failure Analysis and Registry in the 
Tohoku District 2 study, the largest scale cohort study of 
cardiovascular patients in Japan, a previous study indi-
cates that higher triglyceride levels were associated with 
higher incidence of recurrent myocardial infarction in 
patients with LDL <100 mg/dL.37 Our study confirmed 
the association between cumulative burden of other lipid 
profiles and IS in individuals with low risk evaluated by 
LDL- C.

Continued exposure to ApoB- containing lipoproteins 
leads to additional particles being retained over time in 
the artery wall, and to the growth and progression of 
atherosclerotic plaques. Once the size of the total plaque 
burden exceeds this threshold, a person is at risk of expe-
riencing an acute vascular event.12 Because the risk of 
cardiovascular events depends on the cumulative lifetime 
exposure to LDL- C and other ApoB- containing lipopro-
teins, primary prevention strategies designed to lower 
lipids closer to optimal levels should be initiated in early 
adulthood to minimise the cumulative lifetime exposure 
to atherogenic lipoproteins.

The strengths of this study include its prospective 
design, the large population with a complete follow- up of 
stroke and repeated assessment of various lipids measure-
ments. However, our study has several limitations. First of 
all, in this subanalysis of the Kailuan study, the information 
on four surveys (2006–2007, 2008–2009, 2010–2011 and 
2012–2013) was used to calculate the cumulative burden 
of lipid profiles. The 6 year prior duration of exposure 

Figure 2 Kaplan- Meier curves of incidence of ischaemic stroke by cumulative burden of lipid parameters in participants with 
low cumulative low- density lipoprotein cholesterol burden.
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to cumulative lipid profiles recorded in this study, to a 
certain extent, may be not quite substantial to represent 
the effect of exposure duration. Second, the associa-
tions of lipids profiles and stroke vary by stroke subtypes 
according to previous studies2; however, we cannot 
further explore the potential effect of lipids variability 
on different subtypes of IS. Finally, the Kailuan Study was 
not designed to be nationally representative. The study 
was conducted in Tangshan city, a city of northern China. 
Therefore, it may limit the generalisability of the conclu-
sions to other settings and populations.

CONCLUSIONS
In conclusion, the present study suggested that cumula-
tive burden of lipid profiles were associated with incident 
IS, except for HDL- C. Cumulative burden of TG, TC, 
LDL- C and non- HDL- C burden was consistently associ-
ated with higher subsequent IS risk even in participants 
with low cumulative burden of LDL- C. These findings 
may have implications for future cholesterol treatment 
paradigms.

Contributors Study concept and design: LD, JX, SW and YW. Acquisition, analysis 
or interpretation of data: YZ, AW, ZC and JM. Drafting of the manuscript: LD. Critical 
revision of the manuscript for important intellectual content: LD, JX, HL, XM, SW 
and YW. Statistical analysis: YZ and AW. Study supervision: SW and YW. All authors 
approved the final version of the manuscript.

Funding This work was supported by a grant from National Key R&D programme 
of China (2017YFC1310902).

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The study was approved by the central institutional review board at 
Beijing Tiantan Hospital. All patients or the designated relatives gave written consent 
when enrolled.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request. Data 
are available to researchers on request for purpose of reproducing the results or 
replicating the procedure by directly contacting the corresponding author.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Liye Dai http:// orcid. org/ 0000- 0002- 9575- 2170
Jie Xu http:// orcid. org/ 0000- 0002- 8320- 218X
Anxin Wang http:// orcid. org/ 0000- 0003- 4351- 2877
Hao Li http:// orcid. org/ 0000- 0002- 8591- 4105
Shouling Wu http:// orcid. org/ 0000- 0002- 2921- 7583
Yongjun Wang http:// orcid. org/ 0000- 0002- 9976- 2341

REFERENCES
 1 Arsenault BJ, Boekholdt SM, Kastelein JJP. Lipid parameters 

for measuring risk of cardiovascular disease. Nat Rev Cardiol 
2011;8:197–206.

 2 Sun L, Clarke R, Bennett D, et al. Causal associations of blood lipids 
with risk of ischemic stroke and intracerebral hemorrhage in Chinese 
adults. Nat Med 2019;25:569–74.

 3 Brunzell JD, Davidson M, Furberg CD, et al. Lipoprotein management 
in patients with cardiometabolic risk: consensus conference report 

from the American diabetes association and the American College of 
cardiology Foundation. J Am Coll Cardiol 2008;51:1512–24.

 4 National Cholesterol Education Program (NCEP) Expert Panel on 
Detection, Evaluation, and Treatment of High Blood Cholesterol 
in Adults (Adult Treatment Panel III). Third report of the National 
cholesterol education program (NCEP) expert panel on detection, 
evaluation, and treatment of high blood cholesterol in adults (adult 
treatment panel III) final report. Circulation 2002;106:3143–421.

 5 Authors/Task Force Members, ESC Committee for Practice 
Guidelines (CPG), ESC National Cardiac Societies. 2019 ESC/EAS 
guidelines for the management of dyslipidaemias: lipid modification 
to reduce cardiovascular risk. Atherosclerosis 2019;290:140–205.

 6 Nordestgaard BG. Triglyceride- Rich lipoproteins and atherosclerotic 
cardiovascular disease: new insights from epidemiology, genetics, 
and biology. Circ Res 2016;118:547–63.

 7 Prospective Studies Collaboration, Lewington S, Whitlock G, et al. 
Blood cholesterol and vascular mortality by age, sex, and blood 
pressure: a meta- analysis of individual data from 61 prospective 
studies with 55,000 vascular deaths. Lancet 2007;370:1829–39.

 8 Emerging Risk Factors Collaboration, Danesh J, Erqou S, et al. The 
emerging risk factors collaboration: analysis of individual data on 
lipid, inflammatory and other markers in over 1.1 million participants 
in 104 prospective studies of cardiovascular diseases. Eur J 
Epidemiol 2007;22:839–69.

 9 Su X, Kong Y, Peng D. Evidence for changing lipid management 
strategy to focus on non- high density lipoprotein cholesterol. Lipids 
Health Dis 2019;18:134.

 10 Brunner FJ, Waldeyer C, Ojeda F, et al. Application of non- HDL 
cholesterol for population- based cardiovascular risk stratification: 
results from the multinational cardiovascular risk Consortium. Lancet 
2019;394:2173–83.

 11 Abdullah SM, Defina LF, Leonard D, et al. Long- Term association 
of low- density lipoprotein cholesterol with cardiovascular mortality 
in individuals at low 10- year risk of atherosclerotic cardiovascular 
disease. Circulation 2018;138:2315–25.

 12 Ference BA, Graham I, Tokgozoglu L, et al. Impact of lipids on 
cardiovascular health: JACC health promotion series. J Am Coll 
Cardiol 2018;72:1141–56.

 13 Ference BA, Ginsberg HN, Graham I, et al. Low- Density lipoproteins 
cause atherosclerotic cardiovascular disease. 1. Evidence from 
genetic, epidemiologic, and clinical studies. A consensus statement 
from the European atherosclerosis Society consensus panel. Eur 
Heart J 2017;38:2459–72.

 14 Domanski MJ, Tian X, Wu CO, et al. Time course of LDL cholesterol 
exposure and cardiovascular disease event risk. J Am Coll Cardiol 
2020;76:1507–16.

 15 Ference BA, Bhatt DL, Catapano AL, et al. Association of genetic 
variants related to combined exposure to lower low- density 
lipoproteins and lower systolic blood pressure with lifetime risk of 
cardiovascular disease. JAMA 2019. doi:10.1001/jama.2019.14120. 
[Epub ahead of print: 02 Sep 2019].

 16 Krishnamurthi RV, Ikeda T, Feigin VL. Global, regional and Country- 
Specific burden of ischaemic stroke, intracerebral haemorrhage 
and subarachnoid haemorrhage: a systematic analysis of the global 
burden of disease study 2017. Neuroepidemiology 2020;54:171–9.

 17 Katan M, Luft A. Global burden of stroke. Semin Neurol 
2018;38:208–11.

 18 Huang S, Li J, Shearer GC, et al. Longitudinal study of alcohol 
consumption and HDL concentrations: a community- based study. 
Am J Clin Nutr 2017;105:905–12.

 19 Wu Z, Huang Z, Jin W, et al. Peripheral inflammatory biomarkers for 
myocardial infarction risk: a prospective community- based study. 
Clin Chem 2017;63:663–72.

 20 Wong JC, Li J, Pavlova M, et al. Risk factors for probable REM 
sleep behavior disorder: a community- based study. Neurology 
2016;86:1306–12.

 21 Verbeek R, Hovingh GK, Boekholdt SM. Non- high- density lipoprotein 
cholesterol: current status as cardiovascular marker. Curr Opin 
Lipidol 2015;26:502–10.

 22 Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines 
for the management of dyslipidaemias: lipid modification to reduce 
cardiovascular risk. Eur Heart J 2020;41:111–88.

 23 Chen Z, Mo J, Xu J. Effects of individual and integrated cumulative 
burden of blood pressure, glucose, low- density lipoprotein 
cholesterol, and C- reactive protein on cardiovascular risk. European 
Journal of Preventive Cardiology 2020:zwaa052.

 24 Ma C, Pavlova M, Liu Y, et al. Probable REM sleep behavior disorder 
and risk of stroke: a prospective study. Neurology 2017;88:1849–55.

 25 Zhang Q, Zhou Y, Gao X, et al. Ideal cardiovascular health metrics 
and the risks of ischemic and intracerebral hemorrhagic stroke. 
Stroke 2013;44:2451–6.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2020-000726 on 7 A

pril 2021. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9575-2170
http://orcid.org/0000-0002-8320-218X
http://orcid.org/0000-0003-4351-2877
http://orcid.org/0000-0002-8591-4105
http://orcid.org/0000-0002-2921-7583
http://orcid.org/0000-0002-9976-2341
http://dx.doi.org/10.1038/nrcardio.2010.223
http://dx.doi.org/10.1038/s41591-019-0366-x
http://dx.doi.org/10.1016/j.jacc.2008.02.034
http://dx.doi.org/10.1161/circ.106.25.3143
http://dx.doi.org/10.1016/j.atherosclerosis.2019.08.014
http://dx.doi.org/10.1161/CIRCRESAHA.115.306249
http://dx.doi.org/10.1016/S0140-6736(07)61778-4
http://dx.doi.org/10.1007/s10654-007-9165-7
http://dx.doi.org/10.1007/s10654-007-9165-7
http://dx.doi.org/10.1186/s12944-019-1080-x
http://dx.doi.org/10.1186/s12944-019-1080-x
http://dx.doi.org/10.1016/S0140-6736(19)32519-X
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.034273
http://dx.doi.org/10.1016/j.jacc.2018.06.046
http://dx.doi.org/10.1016/j.jacc.2018.06.046
http://dx.doi.org/10.1093/eurheartj/ehx144
http://dx.doi.org/10.1093/eurheartj/ehx144
http://dx.doi.org/10.1016/j.jacc.2020.07.059
http://dx.doi.org/10.1001/jama.2019.14120
http://dx.doi.org/10.1159/000506396
http://dx.doi.org/10.1055/s-0038-1649503
http://dx.doi.org/10.3945/ajcn.116.144832
http://dx.doi.org/10.1373/clinchem.2016.260828
http://dx.doi.org/10.1212/WNL.0000000000002414
http://dx.doi.org/10.1097/MOL.0000000000000237
http://dx.doi.org/10.1097/MOL.0000000000000237
http://dx.doi.org/10.1093/eurheartj/ehz455
http://dx.doi.org/10.1212/WNL.0000000000003902
http://dx.doi.org/10.1161/STROKEAHA.113.678839
http://svn.bmj.com/


8 Dai L, et al. Stroke & Vascular Neurology 2021;0. doi:10.1136/svn-2020-000726

Open access 

 26 Navar- Boggan AM, Peterson ED, D'Agostino RB, et al. 
Hyperlipidemia in early adulthood increases long- term risk of 
coronary heart disease. Circulation 2015;131:451–8.

 27 Nikpour M, Urowitz MB, Ibanez D, et al. Importance of cumulative 
exposure to elevated cholesterol and blood pressure in development 
of atherosclerotic coronary artery disease in systemic lupus 
erythematosus: a prospective proof- of- concept cohort study. 
Arthritis Res Ther 2011;13:R156.

 28 Welsh C, Celis- Morales CA, Brown R, et al. Comparison of 
conventional lipoprotein tests and apolipoproteins in the prediction of 
cardiovascular disease. Circulation 2019;140:542–52.

 29 White J, Swerdlow DI, Preiss D, et al. Association of lipid fractions 
with risks for coronary artery disease and diabetes. JAMA Cardiol 
2016;1:692–9.

 30 Holmes MV, Asselbergs FW, Palmer TM, et al. Mendelian 
randomization of blood lipids for coronary heart disease. Eur Heart J 
2015;36:539–50.

 31 Ference BA, Yoo W, Alesh I, et al. Effect of long- term exposure to 
lower low- density lipoprotein cholesterol beginning early in life on the 
risk of coronary heart disease: a Mendelian randomization analysis. J 
Am Coll Cardiol 2012;60:2631–9.

 32 Downs JR, Clearfield M, Weis S, et al. Primary prevention of 
acute coronary events with lovastatin in men and women with 

average cholesterol levels: results of AFCAPS/TexCAPS. air 
Force/Texas coronary atherosclerosis prevention study. JAMA 
1998;279:1615–22.

 33 Shepherd J, Cobbe SM, Ford I, et al. Prevention of coronary heart 
disease with pravastatin in men with hypercholesterolemia. West 
of Scotland coronary prevention Study Group. N Engl J Med 
1995;333:1301–7.

 34 Yusuf S, Bosch J, Dagenais G, et al. Cholesterol lowering in 
intermediate- risk persons without cardiovascular disease. N Engl J 
Med 2016;374:2021–31.

 35 Werba JP, Vigo LM, Veglia F, et al. Trials in "True" Dyslipidemic 
Patients Are Urged to Reconsider Comprehensive Lipid Management 
as a Means to Reduce Residual Cardiovascular Risk. Clin Pharmacol 
Ther 2019;106:960–7.

 36 Fan W, Philip S, Granowitz C, et al. Residual hypertriglyceridemia and 
estimated atherosclerotic cardiovascular disease risk by statin use in 
U.S. adults with diabetes: National health and nutrition examination 
survey 2007-2014. Diabetes Care 2019;42:2307–14.

 37 Suzuki K, Oikawa T, Nochioka K, et al. Elevated serum non- HDL 
(high- density lipoprotein) cholesterol and triglyceride levels as 
residual risks for myocardial infarction recurrence under statin 
treatment. Arterioscler Thromb Vasc Biol 2019;39:934–44.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2020-000726 on 7 A

pril 2021. D
ow

nloaded from
 

http://dx.doi.org/10.1161/CIRCULATIONAHA.114.012477
http://dx.doi.org/10.1186/ar3473
http://dx.doi.org/10.1161/CIRCULATIONAHA.119.041149
http://dx.doi.org/10.1001/jamacardio.2016.1884
http://dx.doi.org/10.1093/eurheartj/eht571
http://dx.doi.org/10.1016/j.jacc.2012.09.017
http://dx.doi.org/10.1016/j.jacc.2012.09.017
http://dx.doi.org/10.1001/jama.279.20.1615
http://dx.doi.org/10.1056/NEJM199511163332001
http://dx.doi.org/10.1056/NEJMoa1600176
http://dx.doi.org/10.1056/NEJMoa1600176
http://dx.doi.org/10.1002/cpt.1436
http://dx.doi.org/10.1002/cpt.1436
http://dx.doi.org/10.2337/dc19-0501
http://dx.doi.org/10.1161/ATVBAHA.119.312336
http://svn.bmj.com/

	Cumulative burden of lipid profiles predict future incidence of ischaemic stroke and residual risk
	ABSTRACT
	Introduction
	Methods
	Study population
	Lipid measurements
	Definition of cumulative lipid burden and scoring
	Assessment of potential covariates
	Study outcome and follow-up
	Statistical analysis

	Results
	Study population
	Individual cumulative burdens and risk of IS
	Complementary and sensitivity analysis
	Cumulative burden and residual risk of outcomes

	Discussion
	Conclusions
	References


