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Background and Purpose Previous studies suggested increased visit-to-visit variability of total 
cholesterol (TC) is associated with stroke. This study aimed to investigate the associations of various 
lipids measurements variability and the risk of stroke and stroke type (ischemic and hemorrhagic 
stroke).
Methods Fifty-one thousand six hundred twenty participants in the Kailuan Study without history of 
myocardial infarction, stroke, and cancer who underwent three health examinations during 2006 to 
2010 were followed for incident stroke. Variability in TC, triglycerides, high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) measurements were measured 
using the coefficient of variation (CV), standard deviation (SD), variability independent of the mean 
(VIM), and average real variability (ARV). 
Results During a median of 6.04 years of follow-up, 1,189 incident stroke (1,036 ischemic and 160 
hemorrhagic stroke) occurred. In the multivariable-adjusted model, the hazard ratio (HR) comparing 
participants in the highest versus lowest quartile of CV of HDL-C were 1.21 (95% confidence interval 
[CI], 1.02 to 1.45; P for trend=0.013) for ischemic stroke. The highest quartile of CV of LDL-C was 
associated with 2.17-fold risk of hemorrhagic stroke (HR, 2.17; 95% CI, 1.25 to 3.75; P for 
trend=0.002) compared with the lowest quartile. We did not observe any significant association 
between TC and triglycerides variability with any of stroke. Consistent results were obtained when 
calculating variability index using SD, VIM, or ARV.
Conclusions These findings suggest the high visit-to-visit HDL-C and LDL-C variability were 
associated with an increased incidence of ischemic and hemorrhagic stroke, respectively. 
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Introduction

Stroke remains the leading cause of disability and mortality 
worldwide.1,2 Identifying and managing risk factors for stroke 
are effective and economic strategies for the primary preven-
tion of stroke.3 Serum lipids levels play a crucial role in the oc-
currence of stroke.4-7 The associations between lipids and 
stroke are complex and vary by stroke subtypes.8-10 Most epide-
miological cohort studies suggested lipids have the strongest 
associations with incident ischemic stroke relative to hemor-
rhagic stroke.9-11 Additionally, the associations between lipids 
and stroke depend on the specific lipids measurements, with 
strong associations for total cholesterol (TC) and low-density 
lipoprotein cholesterol (LDL-C).10,11 Understating the complicat-
ed relationships of lipids and stroke may be useful to prevent 
and treat stroke in clinical practice.

Recently, the intra-individual variability in cholesterol levels 
has been of increasing interest. Several clinical trials suggested 
that higher lipids variability predicted the adverse clinical out-
comes.12-16 The American Heart Association Annual Scientific 
Sessions reported the findings from a post hoc analysis of the 
Treating to New Target (TNT) trial, suggesting that high levels of 
variability in LDL-C, high-density lipoprotein cholesterol (HDL-C), 
and triglycerides (TG) were associated with an increased risk of 
myocardial infarction, stroke, and mortality among patients with 
stable coronary artery disease.13 However, these associations 
were still understudied among the general population. To the 
best our knowledge, only one cohort study from the Korean Na-
tional Health Insurance System (NHIS) had suggested that high 
levels of TC variability were associated with an increased risk of 
stroke.17,18 Although the study was conducted in a large popula-
tion, the findings needed to be further validated in depth. The 
associations between cholesterol and stroke risk varied in stroke 
subtypes,5 however, the NHIS study did not examine the impact 
of cholesterol variability on the risks of ischemic and hemorrhag-
ic stroke, respectively. Additionally, the associations between 
variability in other lipids measurements (LDL-C, HDL-C, and TG) 
and risk of stroke still remained unknown.

Therefore, the aim of this study was to comprehensively in-
vestigate the associations between long-term variability in dif-
ferent lipids measurements over 4 years and the risks of stroke 
and stroke type (ischemic and hemorrhagic stroke) based on a 
large community-based prospective cohort study.

Methods

Study design and participants
The Kailuan Study is a prospective cohort study conducted in 

the Kailuan community in Tangshan City, China.19 Details of 
the study design have been described previously.19,20 Briefly, 
101,510 participants aged 18 to 98 years were recruited in the 
community from June 2006 to October 2007 and underwent a 
comprehensive biennial health examination at the Kailuan 
General Hospital. Of 92,967 participants who underwent 
health examination in 2010 (index year), 57,927 participants 
underwent three health examinations from June 2006 to De-
cember 2010. We excluded 2,167 participants with missing 
data regarding serum lipid levels. To minimize the possible ef-
fect of reverse causality, 4,140 participants having myocardial 
infarction, stroke or cancer before the index year were further 
excluded (Figure 1). For the current analysis, 51,620 partici-
pants were included. All participants provided informed writ-
ten consent. The study was performed according to the guide-
lines of the Helsinki Declaration and was approved by the Eth-
ics Committee of Kailuan General Hospital (approval number: 
2006-05) and Beijing Tiantan Hospital (approval number: 
2010-014-01).

Data collection and definitions
Sociodemographic characteristics, lifestyles, and clinical char-
acteristics were collected via a standard questionnaire by 
trained staffs, including age, sex, education, income, smoking 
status, drinking status, physical activity levels, and history of 
disease. Sex was self-reported. Educational level was catego-
rized as illiteracy or primary school, middle school, and high 
school or above. The high-income level was defined as partici-

Figure 1. Flow chart of the current study.

92,967 Subjects (age ≥18 years) who underwent 
health examination in 2010

57,927 Subjects who underwent 3 health
examinations from 2006 to 2010

35,040 Subjects were excluded with
Iess than 3 health examinations

2,167 Subjects were excluded with
missing data on lipid measurements

51,620 Subjects eligible for inclusion

Followed from index year (2010) to the date of
death or until December 31, 2016

4,140 Subjects having myocardial 
infarction, stroke or cancer before the 

index year (2010) were excluded
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pants’ average monthly income >1,000 yuan. Smoking and 
drinking status stratified into three levels: never, former, or 
current. Physical activity was evaluated based on the type and 
frequency of physical activity at work and during leisure time 
and classified as ‘‘>4 times per week and >20 minutes at a 
time,’’ ‘‘<80 minutes per week,’’ or ‘‘none.’’ Body mass index 
(BMI) was calculated as weight (kg)/height (m)2. Blood pressure 
was measured in the seated position using a mercury sphyg-
momanometer, and the average of three measurements was 
calculated for systolic blood pressure (SBP) and diastolic blood 
pressure (DBP). Hypertension was defined as SBP ≥140 mm Hg 
or DBP ≥90 mm Hg, any use of the antihypertensive drug, or 
self-reported history of hypertension.

 Blood samples were collected from the antecubital vein af-
ter an overnight fast and stored in the central laboratory of the 
Kailuan General Hospital. All the plasma samples were mea-
sured using the Hitachi 747 auto-analyzer (Hitachi, Tokyo, Ja-
pan). Fasting blood glucose was measured with the hexokinase/
glucose-6-phosphate dehydrogenase method. Serum TC, TG, 
HDL-C, and LDL-C were measured with the enzymatic colori-
metric method. Plasma high-sensitivity C-reactive protein (hs-
CRP) were measured with high-sensitivity particle-enhanced 
immunonephelometry assay. Serum creatinine was measured 
with the sarcosine oxidase assay method. The estimated glo-
merular filtration rate (eGFR) was calculated using the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI 2009) 
creatinine equation.21 Diabetes was defined as fasting blood 
glucose ≥7.0 mmol/l, any use of glucose-lowering drugs, or any 
self-reported history of diabetes. 

Measures of lipids measurements variability 
Variability was defined as intra-individual variability in each 
serum lipids values (TC, TG, HDL-C, and LDL-C) between three 
visits (in years 2006, 2008, and 2010). Four indices of visit-to-
visit variability that have been previously described13 were cal-
culated, including the coefficient of variation (CV), standard 
deviation (SD), variability independent of the mean (VIM), and 
average real variability (ARV). The VIM was calculated as 100 × 
SD / meanbeta, where beta is the regression coefficient based on 
a natural logarithm of SD on the natural logarithm of the 
mean. The ARV calculated as the average absolute difference 
between successive measurements. The CV was used as the 
primary variability measure.

Assessment of stroke
The primary outcome was the first occurrence of stroke, either 
nonfatal or fatal. Participants were followed up by face-to-
face interviews at every 2-year routine medical examination 

until December 31, 2016. The outcome information was further 
confirmed by checking discharge summaries from the 11 hos-
pitals and medical records from medical insurance. For the 
participants without face-to-face follow-ups, outcome infor-
mation was obtained directly by checking death certificates 
from provincial vital statistics offices, discharge summaries, 
and medical records. Stroke was diagnosed according to the 
World Health Organization criteria22 combined with brain com-
puted tomography or magnetic resonance imaging (MRI) for 
confirmation. Stroke was classified into two main subtypes: 
ischemic and hemorrhagic stroke.

Statistical analysis
Baseline characteristics are presented as the mean±standard 
deviation or percentage. Differences between incident stroke 
and non-stroke participants were compared using Student’s t-
test or Mann-Whitney U test for continuous variables and 
Pearson’s chi-sqaure test for categorical variables. 

Person-years was calculated from the index year (2010) to 
the first occurrence of stroke, mortality, or the end of the study 
(December 31, 2016), whichever came first. The incidence rate 
of stroke was calculated by dividing the number of incident 
cases by the total follow-up duration (person-years). We used 
Cox proportional hazards regression models to estimate the 
association between each of serum lipids variability (TC, TG, 
HDL-C, and LDL-C) and incident stroke (total, ischemic, and 
hemorrhagic stroke) in separate analyses. Serum lipids variabil-
ity categorized in quartiles and also modelled as a continuous 
variable in the analyses. Proportional hazards assumption was 
satisfied by checking the Schoenfeld residual plots. To adjust 
for potential confounding factors, three models were built as 
follows: Model 1, minimally adjusted for sex and age; Model 2, 
adjusted for sex, age, use of lipid-lowering agent, and mean 
serum specific lipids levels (e.g., adjusted for mean TC concen-
tration when analyses for TC variability); Model 3 further ad-
justed for education, income, smoking status, drinking status, 
physical activity, diabetes, hypertension, BMI, eGFR, and hs-
CRP. The hazard ratio (HR) and 95% confidence interval (CI) 
were reported. P-values for trend were computed using quar-
tiles as ordinal variables. 

To evaluate the stability of our main results, sensitivity anal-
yses was conducted by excluding the participants who used 
cholesterol-lowering agents to explore whether the potential 
each of lipids variability-stroke relation was confounded by 
cholesterol-lowering agents (e.g., statins). All analyses were 
conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, 
USA). A two-sided P<0.05 was considered statistically signifi-
cant.
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Table 1. Baseline characteristics according to incident stroke status

Characteristic
Total 

(n=51,620)
Incident stroke 

(n=1,189)
No incident stroke 

(n=50,431)
P

Age (yr) 52.79±11.80 60.06±9.99 52.61±11.79 <0.001

Male sex (%) 75.95 87.80 75.67 <0.001

High school or above (%) 28.08 13.16 28.44 <0.001

Current smoker (%) 33.78 36.62 33.71 0.036

Current drinker (%) 34.98 35.22 34.97 0.860

Physical activity (> 4 times/week) (%) 14.22 16.12 14.18 0.059

High income (> ¥1,000/month) (%) 45.85 43.04 45.92 0.051

Hypertension (%) 44.36 73.25 43.68 <0.001

Diabetes (%) 10.28 21.78 10.01 <0.001

On lipid-lowering agent (%) 1.54 2.02 1.52 0.170

Body mass index (kg/m2) 25.09±3.38 25.69±3.39 25.08±3.38 <0.001

Systolic BP (mm Hg) 130.42±19.09 143.52±20.44 130.11±18.95 <0.001

Diastolic BP (mm Hg) 84.15±10.79 90.03±11.64 84.01±10.73 <0.001

Fasting blood glucose (mmol/L) 5.63±1.71 6.23±2.19 5.62±1.70 <0.001

eGFR (mL/min/1.73 m²) 90.65±19.63 85.09±19.45 90.78±19.62 <0.001

hs-CRP (mg/L) 2.32±5.07 3.00±6.44 2.31±5.04 <0.001

Total cholesterol (mmol/L)

Baseline 4.98±0.97 5.15±0.99 4.98±0.97 <0.001

Mean 4.96±0.83 5.12±0.85 4.96±0.82 <0.001

SD 0.55±0.40 0.57±0.41 0.55±0.40 0.130

CV 11.34±8.81 11.36±8.80 11.34±8.81 0.950

VIM 0.56±0.40 0.56±0.41 0.56±0.41 0.470

ARV 0.68±0.51 0.71±0.52 0.68±0.51 0.065

Triglycerides (mmol/L)

Baseline 1.66±1.42 1.83±1.68 1.66±1.41 <0.001

Mean 1.65±1.11 1.81±1.23 1.64±1.11 <0.001

SD 0.60±0.78 0.66±0.87 0.60±0.78 0.003

CV 31.89±20.39 31.79±20.88 31.89±20.38 0.870

VIM 0.54±0.32 0.52±0.31 0.54±0.32 0.046

ARV 0.74±1.00 0.81±1.11 0.73±0.99 0.010

HDL-C (mmol/L)

Baseline 1.56±0.45 1.53±0.46 1.56±0.45 0.015

Mean 1.54±0.30 1.53±0.32 1.54±0.30 0.480

SD 0.29±0.20 0.30±0.22 0.28±0.20 0.024

CV 18.31±11.26 19.30±12.14 18.29±11.24 0.002

VIM 0.28±0.18 0.30±0.19 0.28±0.18 0.001

ARV 0.34±0.26 0.36±0.29 0.34±0.26 0.113

LDL-C (mmol/L)

Baseline 2.59±0.79 2.66±0.89 2.59±0.78 0.001

Mean 2.49±0.62 2.53±0.66 2.48±0.62 0.019

SD 0.56±0.39 0.64±0.45 0.56±0.38 <0.001
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Data availability
Data are available to researchers on request by contacting with 
corresponding authors (Dr. Wu or Dr. Wang).

Results

The final sample included 51,620 participants. The mean age of 
the population was 52.79±11.80 years. During a median fol-
low-up of 6.04 years, 1,189 strokes occurred. There were 1,036 
incident cases of ischemic stroke, and 160 cases of hemor-

Characteristic
Total 

(n=51,620)
Incident stroke 

(n=1,189)
No incident stroke 

(n=50,431)
P

CV 24.15±18.87 27.55±21.83 24.07±18.78 <0.001

VIM 0.56±0.39 0.64±0.45 0.56±0.38 <0.001

ARV 0.70±0.55 0.79±0.63 0.70±0.55 <0.001

Values are presented as mean±standard deviation or percentage.
BP, blood pressure; eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitivity C-reactive protein; SD, standard deviation; CV, coefficient of variation; 
VIM, variability independent of the mean; ARV, average real variability; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoproteins cholesterol.

Table 1. Continued

Table 2. Hazard ratios and 95% confidence intervals of incident stroke by quartiles of total cholesterol variability (coefficient of variation)

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 Per-SD increase Ptrend

Total stroke

No. of cases 307 283 299 300

Person-years 75,757.31 75,638.51 75,348.25 75,059.45

Incidence rate* 4.05 3.74 3.97 4.00

Model 1 1.00 0.94 (0.80–1.10) 1.02 (0.87–1.20) 1.06 (0.90–1.25) 1.03 (0.97–1.09) 0.299

Model 2 1.00 0.93 (0.79–1.10) 1.03 (0.87–1.20) 1.08 (0.92–1.27) 1.05 (0.99–1.12) 0.218

Model 3 1.00 0.93 (0.79–1.10) 1.03 (0.87–1.21) 1.06 (0.90–1.25) 1.03 (0.97–1.09) 0.334

Sensitivity analyses† 1.00 0.95 (0.80–1.12) 1.05 (0.89–1.23) 1.05 (0.88–1.24) 1.04 (0.98–1.11) 0.411

Ischemic stroke

No. of cases 262 247 257 270

Person-years 75,854.72 75,708.08 75,445.74 75,124.03

Incidence rate* 3.45 3.26 3.41 3.59

Model 1 1.00 0.96 (0.81–1.41) 1.03 (0.87–1.23) 1.12 (0.95–1.33) 1.04 (0.98–1.10) 0.125

Model 2 1.00 0.96 (0.80–1.14) 1.03 (0.87–1.23) 1.15 (0.97–1.36) 1.07 (1.01–1.14) 0.080

Model 3 1.00 0.96 (0.80–1.15) 1.03 (0.86–1.23) 1.12 (0.94–1.34) 1.06 (1.00–1.13) 0.149

Sensitivity analyses† 1.00 0.97 (0.81–1.16) 1.05 (0.88–1.25) 1.10 (0.91–1.31) 1.06 (0.99–1.13) 0.234

Hemorrhagic stroke

No. of cases 46 39 42 33

Person-years 76,399.33 76,211.17 75,952.59 75,689.55

Incidence rate* 0.60 0.51 0.55 0.44

Model 1 1.00 0.86 (0.56–1.32) 0.95 (0.63–1.44) 0.77 (0.49–1.20) 0.94 (0.79–1.11) 0.341

Model 2 1.00 0.86 (0.56–1.32) 0.95 (0.62–1.44) 0.76 (0.49–1.20) 0.94 (0.79–1.11) 0.329

Model 3 1.00 0.83 (0.53–1.29) 0.92 (0.60–1.42) 0.71 (0.45–1.14) 0.89 (0.74–1.07) 0.236

Sensitivity analyses† 1.00 0.87 (0.55–1.36) 0.95 (0.60–1.47) 0.74 (0.46–1.19) 0.89 (0.74–1.08) 0.298

Model 1 adjusted for sex and age; Model 2 adjusted for sex, age, mean total cholesterol level, and use of lipid-lowering agent; Model 3 adjusted for covari-
ables in Model 2 plus education, income, smoking status, drinking status, physical activity, diabetes, hypertension, body mass index, estimated glomerular fil-
tration rate, and high-sensitivity C-reactive protein.
SD, standard deviation.
*Incidence rate per 1,000 person-years; †Excluded participants with use of lipid-lowering agent and adjusted for covariables in Model 3.
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rhagic stroke. The incidence rate of stroke was 3.96 per 1,000 
person-years. Baseline characteristics of the study population 
are presented in Table 1. There was a significant difference be-
tween the incident stroke and non-stroke group in age, sex, 
education, smoking, hypertension, diabetes, eGFR, hs-CRP, 
baseline TC, TG, HDL-C, and LDL-C. The variability of HDL-C and 
LDL-C were significantly higher in participants with incident 
stroke than in those without stroke.

We did not observe any significant association between TC 
(Table 2 and Figure 2) or TG (Table 3 and Figure 2) variability with 
any risk of total, ischemic, and hemorrhagic stroke. However, in 
the fully adjusted model (Model 3), when comparing the highest 
quartile to the lowest quartile of HDL-C variability, HDL-C vari-
ability was significantly positively associated with total stroke 
(HR, 1.18; 95% CI, 1.00 to 1.39; P for trend=0.024), ischemic 
stroke (HR, 1.21; 95% CI, 1.02 to 1.45; P for trend=0.013), but 
not with hemorrhagic stroke (HR, 0.83; 95% CI, 0.53 to 1.30; P 
for trend=0.308) (Table 4 and Figure 2). For the highest quartile 
in LDL-C variability compared with the lowest quartile, the risk 
of hemorrhagic stroke increased by 117% (HR, 2.17; 95% CI, 
1.25 to 3.75; P for trend=0.002) (Table 5 and Figure 2). Very sim-
ilar results were observed when variability measured using SD, 
VIM, or ARV (Supplementary Tables 1-4).

After excluding the participants who used cholesterol-lower-
ing agents, the highest quartile of LDL-C variability was associ-
ated with 2.30-fold risk of hemorrhagic stroke (HR, 2.30; 95% 

CI, 1.32 to 4.02; P for trend=0.001) (Table 5). Additionally, for a 
per-SD increase in LDL-C variability, the fully adjusted HR of 
hemorrhagic stroke was 1.24 (95% CI, 1.06 to 1.43) (Table 5).

Discussion

In this large community-based cohort study, we found that 
high variability in certain lipid measurements were associated 
with elevated risk of stroke and stroke type. High variability in 
LDL-C and HDL-C concentrations were associated with a high-
er risk for ischemic stroke and hemorrhagic stroke during a 
median follow-up of 6.04 years, respectively. These associations 
persisted after multivariable adjustment for important poten-
tial confounders, including traditional cardiometabolic risk fac-
tors, use of lipid-lowering agent, mean LDL-C, and HDL-C con-
centrations in separate models.

The visit-to-visit variability in various biological measures 
has been of increasing interest in recent years. For example, 
higher variability in blood pressure, glucose, cholesterol, and 
body weight is independently associated with a wide range of 
health outcomes, such as cardiovascular events, diabetes, end-
stage renal disease, dementia, and all-cause mortality.12-14,18,23-28 
Until now, to our knowledge, only two randomized controlled 
trials,12-14 and one population-based cohort study17,18 suggested 
that cholesterol variability is an independent predictor of 
stroke. Our current study further revealed the relationship be-

Figure 2. The hazard ratio and 95% confidence interval of total, ischemic and hemorrhagic stroke by quartiles of total cholesterol, triglycerides, high-density 
lipoprotein cholesterol, and low-density lipoprotein cholesterol variability measured using the coefficient of variation in the fully adjusted model (Model 3).
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tween different lipids measurements variability and incident 
stroke and stroke subtypes. 

A previous review suggested that most but not all large pro-
spective cohort studies revealed higher baseline TC are linked to 
increased ischemic stroke risk.29 On the contrary, an additional me-
ta-analysis of 23 studies showed an inverse relationship between 
baseline TC and hemorrhagic stroke.6 However, the relationship 
between TC and stroke may be biased because TC concentrations 
were only measured at baseline. In the general population, the re-
lationship between TC variability and incident stroke is first report-
ed in the NHIS study. The NHIS study included 3,650,000 Koreans 
who had at least three TC measurements from January 2002 to 
December 2007 and suggested that participants in the highest 
quartiles of TC variability using CV had 11% higher risk of stroke 
compared with the lowest quartiles (HR, 1.11; 95% CI, 1.08 to 
1.14) during a median follow-up of 8.3 years.17 In contrast to the 
NHIS study, these associations became nonsignificant after further 

adjustment of mean TC concentrations and use of lipid-lowering 
agent. This difference may be contributed to the differing patterns 
of stroke risk factor profiles between Koreans and Chinese.30

High levels of TG are considered to be risk factors for stroke.31 
Few studies had reported the associations between TG variabil-
ity and stroke risk. A post hoc analysis of the TNT trial with 
9,572 patients aged 35 to 75 years suggested that high vari-
ability of TG was associated with 66% increased risk of inci-
dent stroke (HR, 1.66; 95% CI, 1.16 to 2.36 for the highest vs. 
lowest quartiles) after adjusted for baseline traditional risk fac-
tors, mean TG concentrations, and use of lipid-lowering 
agent.13 The mechanisms that mediate the link between TG 
variability and stroke are not clear. As reported previously, high 
TG variability was associated with incident microalbuminuria,32 
and renal dysfunction, which is a strong predeictor of incident 
stroke in previous studies conducted in Kailuan Study.33,34 Fur-
ther investigations are required to understand the relationship 

Table 3. Hazard ratios and 95% confidence intervals of incident stroke by quartiles of triglycerides variability (coefficient of variation)

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 Per-SD increase Ptrend

Total stroke

No. of cases 315 307 281 286

Person-years 75,245.63 75,164.56 75,303.85 76,089.49

Incidence rate* 4.19 4.08 3.73 3.76

Model 1 1.00 1.01 (0.87–1.19) 0.96 (0.82–1.13) 1.06 (0.90–1.25) 1.05 (1.00–1.12) 0.647

Model 2 1.00 1.00 (0.87–1.17) 0.93 (0.79–1.09) 0.94 (0.79–1.11) 1.00 (0.94–1.06) 0.320

Model 3 1.00 0.98 (0.83–1.15) 0.90 (0.76–1.06) 0.92 (0.77–1.09) 1.00 (0.94–1.06) 0.206

Sensitivity analyses† 1.00 0.99 (0.84–1.17) 0.90 (0.76–1.07) 0.94 (0.79–1.11) 1.00 (0.94–1.07) 0.286

Ischemic stroke

No. of cases 281 266 237 252

Person-years 7,5291.21 7,5259.64 75,414.32 76,167.40

Incidence rate* 3.73 3.53 3.14 3.31

Model 1 1.00 0.98 (0.83–1.16) 0.91 (0.76–1.08) 1.05 (0.89–1.25) 1.05 (0.99–1.12) 0.849

Model 2 1.00 0.97 (0.82–1.15) 0.87 (0.74–1.04) 0.91 (0.76–1.09) 0.98 (0.93–1.05) 0.175

Model 3 1.00 0.96 (0.81–1.14) 0.85 (0.71–1.02) 0.90 (0.71–1.02) 0.99 (0.92–1.06) 0.129

Sensitivity analyses† 1.00 0.98 (0.82–1.17) 0.86 (0.72–1.03) 0.92 (0.76–1.10) 1.00 (0.93–1.06) 0.181

Hemorrhagic stroke

No. of cases 41 42 44 33

Person-years 75,847.28 75,789.63 75,882.09 76,733.64

Incidence rate* 0.54 0.55 0.58 0.43

Model 1 1.00 1.05 (0.68–1.62) 1.13 (0.74–1.73) 0.90 (0.57–1.43) 0.99 (0.84–1.16) 0.800

Model 2 1.00 1.05 (0.68–1.62) 1.13 (0.74–1.74) 0.90 (0.56–1.45) 1.00 (0.84–1.18) 0.825

Model 3 1.00 0.91 (0.58–1.43) 0.98 (0.63–1.53) 0.78 (0.48–1.28) 0.96 (0.80–1.15) 0.428

Sensitivity analyses† 1.00 0.91 (0.57–1.43) 0.95 (0.61–1.49) 0.80 (0.49–1.30) 0.96 (0.80–1.16) 0.436

Model 1 adjusted for sex and age; Model 2 adjusted for sex, age, mean triglycerides level, and use of lipid-lowering agent; Model 3 adjusted for covariables in 
Model 2 plus education, income, smoking status, drinking status, physical activity, diabetes, hypertension, body mass index, estimated glomerular filtration 
rate, and high-sensitivity C-reactive protein. 
*Incidence rate per 1,000 person-years; †Excluded participants with use of lipid-lowering agent and adjusted for covariables in Model 3.
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of TG variability, stroke and its subtypes. 
Studies on the associations of HDL-C and LDL-C variability 

and risks of stroke are limited. As noted previously in TNT trial, 
for every 1-SD increase in HDL-C and LDL-C variability, the risk 
of stroke increased by 17% (HR, 1.17; 95% CI, 1.12 to 1.22) 
and 14% (HR, 1.14; 95% CI, 1.01 to 1.26) among patients with 
stable coronary artery disease, respectively.12,13 In a cohort 
study of 130 patients with ST-segment elevation myocardial 
infarction (STEMI), a higher HDL-C and LDL-C variability was 
associated with a higher risk of 5-year of major adverse cardiac 
event, including death, myocardial infarction, stroke, unplanned 
revascularization, and heart failure admission.14 We similarly 
observed that high variability of HDL-C and LDL-C were respec-
tively associated with an increased incidence of hemorrhagic 
and ischemic stroke independent of use of lipid-lowering agent, 
mean HDL-C or LDL-C concentrations in separate models.

The potential biologically plausible mechanisms underlying 

our findings remain unknown, but there are several hypotheses. 
First, the greater visit-to-visit variability in HDL-C and LDL-C is 
linked with the percent atheroma volume progression, which is 
an independent risk factor for stroke.16 Second, a higher LDL-C 
variability is associated with lower cerebral blood flow and 
greater white matter hyperintensity on brain MRI.15 Third, lipid 
variability is an epiphenomenon of pathologic conditions (e.g., 
frailty) that increase the risk of stroke.12 Further research is still 
required to interpret why high variability of HDL-C and LDL-C 
is associated with different type of stroke.

 The strengths of this study include its prospective design, 
the large population with a complete follow-up of stroke and 
stroke subtypes, and repeated assessment of various lipids 
measurements. However, our study has several limitations. The 
first limitation of this study is that we measured lipids within 
the first three waves and did not investigate long-term vari-
ability (e.g., 10 years) in lipids value. This design was chosen in 

Table 4. Hazard ratios and 95% confidence intervals of incident stroke by quartiles of high-density lipoprotein cholesterol variability (coefficient of variation) 

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 Per-SD increase Ptrend

Total stroke

No. of cases 285 268 307 329

Person-years 75,180.70 75,595.96 75,430.04 75,596.81

Incidence rate* 3.79 3.55 4.07 4.35

Model 1 1.00 0.98 (0.83–1.16) 1.16 (0.99–1.36) 1.19 (1.01–1.39) 1.08 (1.02–1.14) 0.009

Model 2 1.00 0.99 (0.84–1.17) 1.16 (0.99–1.37) 1.19 (1.02–1.40) 1.08 (1.03–1.14) 0.007

Model 3 1.00 1.03 (0.87–1.23) 1.17 (0.99–1.38) 1.18 (1.00–1.39) 1.06 (1.01–1.12) 0.024

Sensitivity analyses† 1.00 1.03 (0.87–1.22) 1.14 (0.96–1.35) 1.17 (0.99–1.38) 1.06 (1.01–1.12) 0.041

Ischemic stroke

No. of cases 244 232 269 291

Person-years 75,263.68 75,666.67 75,539.08 75,663.15

Incidence rate* 3.24 3.07 3.56 3.85

Model 1 1.00 1.00 (0.83–1.19) 1.19 (1.00–1.41) 1.22 (1.03–1.45) 1.09 (1.03–1.15) 0.005

Model 2 1.00 1.00 (0.83–1.20) 1.19 (1.00–1.42) 1.24 (1.04–1.47) 1.10 (1.04–1.16) 0.004

Model 3 1.00 1.04 (0.86–1.25) 1.20 (1.00–1.44) 1.21 (1.02–1.45) 1.10 (1.02–1.14) 0.013

Sensitivity analyses† 1.00 1.04 (0.86–1.25) 1.17 (0.97–1.40) 1.20 (1.00–1.43) 1.07 (1.01–1.14) 0.025

Hemorrhagic stroke

No. of cases 45 40 37 38

Person-years 75770.39 76134.28 76084.01 76263.97

Incidence rate* 0.59 0.53 0.49 0.50

Model 1 1.00 0.92 (0.60–1.41) 0.87 (0.56–1.34) 0.86 (0.56–1.33) 0.96 (0.82–1.12) 0.474

Model 2 1.00 0.92 (0.60–1.41) 0.86 (0.56–1.33) 0.85 (0.55–1.32) 0.95 (0.82–1.12) 0.437

Model 3 1.00 0.99 (0.64–1.54) 0.82 (0.52–1.31) 0.83 (0.53–1.30) 0.92 (0.78–1.08) 0.308

Sensitivity analyses† 1.00 0.98 (0.63–1.53) 0.81 (0.50–1.30) 0.81 (0.51–1.29) 0.91 (0.77–1.08) 0.281

Model 1 adjusted for sex and age; Model 2 adjusted for sex, age, mean high-density lipoprotein cholesterol level, and use of lipid-lowering agent; Model 3 
adjusted for covariables in Model 2 plus education, income, smoking status, drinking status, physical activity, diabetes, hypertension, body mass index, esti-
mated glomerular filtration rate, and high-sensitivity C-reactive protein.
*Incidence rate per 1,000 person-years; †Excluded participants with use of lipid-lowering agent and adjusted for covariables in Model 3.
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order to maximise the number of participants with lipids mea-
surements before index year and to allow a longer follow-up 
period to capture the occurrence of stroke. Second, atrial fibril-
lation and diet were not examined, and thus, future study 
should determine whether these variables mediate the associa-
tions between lipids variability and stroke. Third, although we 
had carefully adjusted for lipid-lowering drug effects on lipids 
variability and the risk for stroke, residual confounding cannot 
be completely excluded. People with dyslipidemia are often en-
couraged by doctors to control blood pressure, weight, and re-
strict the intake of alcohol. Although various lipids measure-
ments variability measured at three consecutive health exam-
inations over 4 years, these time-varying behavioral variables, 
such as blood pressure and body weight, may modify serum 
lipids levels and have a favorable effect on the future stroke 
risk. Fourth, the associations of lipids profiles and stroke vary 
by stroke subtypes,9 however, we cannot further explore the 

potential effect of lipids variability on different subtypes of 
ischemic stroke. Because the information on the different sub-
types of ischemic stroke was not available in the current study. 
Finally, the Kailuan Study was not designed to be nationally 
representative and all participants were recruited from Tang-
shan City; therefore, the generalizability of our findings to the 
whole Chinese adults needed to be cautious.

Conclusions 

In conclusion, our findings suggest higher visit-to-visit vari-
ability in certain lipids measurements is associated with an in-
creased risk for stroke and stroke type in a well-established 
community-based cohort study. High variability of HDL-C was 
independently associated with increased hemorrhagic stroke, 
whereas high variability of LDL-C increased the risk of ischemic 
stroke. Further interventional studies are warranted to deter-

Table 5. Hazard ratios and 95% confidence intervals of incident stroke by quartiles of low-density lipoprotein cholesterol variability (coefficient of variation) 

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 Per-SD increase Ptrend

Total stroke

No. of cases 273 257 286 373

Person-years 76,169.51 75,523.07 74,991.67 75,119.27

Incidence rate* 3.58 3.40 3.81 4.97

Model 1 1.00 0.96 (0.81–1.14) 1.02 (0.86–1.21) 1.10 (0.94–1.29) 1.05 (1.00–1.11) 0.160

Model 2 1.00 0.97 (0.82–1.15) 1.05 (0.89–1.24) 1.19 (1.00–1.40) 1.09 (1.04–1.15) 0.028

Model 3 1.00 0.95 (0.79–1.13) 1.03 (0.86–1.23) 1.08 (0.91–1.29) 1.06 (1.00–1.12) 0.265

Sensitivity analyses† 1.00 0.93 (0.78–1.12) 1.03 (0.86–1.23) 1.09 (0.91–1.30) 1.06 (1.00–1.12) 0.238

Ischemic stroke

No. of cases 250 224 238 324

Person-years 76,220.08 75,590.64 75,113.27 75,208.58

Incidence rate* 3.28 2.96 3.17 4.31

Model 1 1.00 0.92 (0.77–1.10) 0.93 (0.78–1.11) 1.04 (0.88–1.23) 1.03 (0.98–1.09) 0.570

Model 2 1.00 0.93 (0.78–1.11) 0.96 (0.80–1.14) 1.13 (0.95–1.34) 1.08 (1.01–1.14) 0.162

Model 3 1.00 0.89 (0.74–1.08) 0.91 (0.76–1.10) 1.01 (0.84–1.21) 1.03 (0.97–1.10) 0.864

Sensitivity analyses† 1.00 0.88 (0.73–1.06) 0.91 (0.75–1.10) 1.00 (0.83–1.21) 1.03 (0.97–1.10) 0.876

Hemorrhagic stroke

No. of cases 24 35 49 52

Person-years 76,767.95 76,078.85 75,551.14 75,854.71

Incidence rate* 0.31 0.46 0.65 0.69

Model 1 1.00 1.49 (0.88–2.50) 2.02 (1.24–3.29) 1.86 (1.14–3.04) 1.18 (1.04–1.34) 0.008

Model 2 1.00 1.50 (0.89–2.52) 2.05 (1.26–3.36) 1.96 (1.18–3.25) 1.23 (1.07–1.41) 0.005

Model 3 1.00 1.56 (0.89–2.73) 2.42 (1.43–4.11) 2.17 (1.25–3.75) 1.22 (1.05–1.41) 0.002

Sensitivity analyses† 1.00 1.59 (0.90–2.82) 2.52 (1.47–4.32) 2.30 (1.32–4.02) 1.24 (1.06–1.43) 0.001

Model 1 adjusted for sex and age; Model 2 adjusted for sex, age, mean low-density lipoprotein cholesterol, and use of lipid-lowering agent; Model 3 adjusted 
for covariables in Model 2 plus education, income, smoking status, drinking status, physical activity, diabetes, hypertension, body mass index, estimated glo-
merular filtration rate, and high-sensitivity C-reactive protein.
*Incidence rate per 1,000 person-years; †Excluded participants with use of lipid-lowering agent and adjusted for covariables in Model 3.
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mine whether reducing variability in lipids can decrease the 
risk of stroke in the general population.
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Supplementary Table 1. Hazard ratios and 95% confidence intervals of incident stroke by quartiles of total cholesterol variability*

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 Per-SD increase Ptrend

Total stroke

SD 1.00 1.07 (0.91–1.26) 0.92 (0.77–1.09) 1.14 (0.97–1.35) 1.04 (0.98–1.10) 0.337

VIM 1.00 1.02 (0.87–1.21) 1.01 (0.85–1.19) 1.08 (0.92–1.28) 1.04 (0.98–1.10) 0.411

ARV 1.00 0.99 (0.83–1.17) 0.94 (0.79–1.11) 1.12 (0.95–1.33) 1.04 (0.98–1.10) 0.241

Ischemic stroke

SD 1.00 1.12 (0.93–1.34) 0.92 (0.77–1.12) 1.22 (1.02–1.46) 1.05 (0.99–1.12) 0.135

VIM 1.00 1.05 (0.88–1.26) 1.02 (0.85–1.23) 1.15 (0.96–1.37) 1.06 (1.00–1.13) 0.179

ARV 1.00 1.02 (0.85–1.23) 0.98 (0.82–1.18) 1.16 (0.97–1.39) 1.05 (0.99–1.16) 0.149

Hemorrhagic stroke

SD 1.00 0.84 (0.54–1.30) 0.85 (0.54–1.32) 0.74 (0.47–1.18) 0.89 (0.74–1.07) 0.233

VIM 1.00 0.87 (0.56–1.34) 0.87 (0.56–1.35) 0.71 (0.44–1.13) 0.89 (0.74–1.07) 0.174

ARV 1.00 0.91 (0.59–1.41) 0.59 (0.36–0.97) 1.00 (0.65–1.55) 0.95 (0.80–1.13) 0.615

SD, standard deviation; VIM, variability independent of the mean; ARV, average real variability.
*Adjusted for sex, age, mean total cholesterol level, education, income, smoking status, drinking status, physical activity, diabetes, hypertension, body mass in-
dex, estimated glomerular filtration rate, and high-sensitivity C-reactive protein.

Supplementary Table 2. Hazard ratios and 95% confidence intervals of incident stroke by quartiles of triglycerides variability*

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 Per-SD increase Ptrend

Total stroke

SD 1.00 1.09 (0.92–1.30) 1.07 (0.89–1.27) 1.03 (0.84–1.26) 1.00 (0.92–1.08) 0.813

VIM 1.00 0.99 (0.84–1.16) 0.90 (0.76–1.06) 0.93 (0.78–1.10) 0.98 (0.92–1.04) 0.233

ARV 1.00 1.14 (0.96–1.36) 1.05 (0.88–1.26) 1.05 (0.86–1.28) 1.00 (0.92–1.08) 0.827

Ischemic stroke

SD 1.00 1.08 (0.89–1.30) 1.03 (0.85–1.24) 1.03 (1.83–1.28) 0.98 (0.90–1.07) 0.876

VIM 1.00 0.96 (0.81–1.15) 0.88 (0.74–1.05) 0.91 (0.76–1.08) 0.97 (0.91–1.04) 0.174

ARV 1.00 1.16 (0.96–1.40) 1.16 (0.88–1.28) 1.06 (0.85–1.31) 0.97 (0.90–1.06) 0.806

Hemorrhagic stroke

SD 1.00 1.16 (0.74–1.81) 1.03 (0.64–1.65) 0.77 (0.42–1.41) 1.08 (0.82–1.41) 0.471

VIM 1.00 0.91 (0.58–1.42) 0.85 (0.54–1.33) 0.85 (0.53–1.35) 0.96 (0.81–1.14) 0.440

ARV 1.00 1.16 (0.74–1.80) 0.93 (0.58–1.50) 0.81 (0.45–1.45) 1.12 (0.88–1.43) 0.410

SD, standard deviation; VIM, variability independent of the mean; ARV, average real variability.
*Adjusted for sex, age, mean triglycerides level, education, income, smoking status, drinking status, physical activity, diabetes, hypertension, body mass index, 
estimated glomerular filtration rate, and high-sensitivity C-reactive protein.
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Supplementary Table 3. Hazard ratios and 95% confidence intervals of incident stroke by quartiles of high-density lipoprotein cholesterol variability*

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 Per-SD increase Ptrend

Total stroke

SD 1.00 1.10 (0.93–1.30) 1.17 (0.99–1.39) 1.21 (1.02–1.42) 1.05 (0.99–1.12) 0.012

VIM 1.00 1.10 (0.93–1.30) 1.17 (0.99–1.39) 1.21 (1.02–1.42) 1.07 (1.02–1.13) 0.021

ARV 1.00 0.85 (0.71–1.00) 1.10 (0.93–1.29) 1.08 (0.91–1.28) 1.05 (0.99–1.11) 0.092

Ischemic stroke

SD 1.00 1.14 (0.95–1.37) 1.30 (1.08–1.56) 1.26 (1.04–1.52) 1.06 (1.00–1.13) 0.008

VIM 1.00 1.09 (0.90–1.31) 1.18 (0.98–1.41) 1.23 (1.03–1.47) 1.09 (1.03–1.15) 0.015

ARV 1.00 0.90 (0.75–1.09) 1.14 (0.95–1.36) 1.12 (0.93–1.35) 1.06 (1.00–1.12) 0.063

Hemorrhagic stroke

SD 1.00 1.16 (0.75–1.79) 0.89 (0.55–1.42) 0.82 (0.50–1.35) 0.93 (0.78–1.11) 0.296

VIM 1.00 1.25 (0.80–1.94) 0.98 (0.61–1.56) 0.91 (0.57–1.46) 0.91 (0.77–1.08) 0.487

ARV 1.00 0.48 (0.30–0.79) 0.75 (0.49–1.16) 0.69 (0.44–1.10) 0.89 (0.74–1.08) 0.232

SD, standard deviation; VIM, variability independent of the mean; ARV, average real variability.
*Adjusted for sex, age, mean high-density lipoprotein cholesterol level, education, income, smoking status, drinking status, physical activity, diabetes, hyper-
tension, body mass index, estimated glomerular filtration rate, and high-sensitivity C-reactive protein.

Supplementary Table 4. Hazard ratios and 95% confidence intervals of incident stroke by quartiles of low-density lipoprotein cholesterol variability*

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 Per-SD increase Ptrend

Total stroke

SD 1.00 0.96 (0.80–1.14) 0.98 (0.82–1.17) 1.10 (0.93–1.30) 1.04 (0.99–1.10) 0.224

VIM 1.00 1.00 (0.84–1.20) 0.95 (0.79–1.14) 1.12 (0.95–1.33) 1.04 (0.99–1.10) 0.223

ARV 1.00 0.95 (0.79–1.13) 1.01 (0.85–1.20) 1.02 (0.86–1.21) 1.02 (0.97–1.08) 0.663

Ischemic stroke

SD 1.00 0.91 (0.75–1.10) 0.91 (0.75–1.10) 1.01 (0.84–1.21) 1.02 (0.96–1.10) 0.843

VIM 1.00 0.96 (0.79–1.15) 0.88 (0.73–1.07) 1.03 (0.86–1.23) 1.02 (0.96–1.08) 0.866

ARV 1.00 0.90 (0.74–1.09) 0.95 (0.79–1.14) 0.94 (0.78–1.12) 1.00 (0.94–1.06) 0.621

Hemorrhagic stroke

SD 1.00 1.62 (0.92–2.84) 2.05 (1.19–3.53) 2.31 (1.19–3.53) 1.21 (1.06–1.37) 0.001

VIM 1.00 1.63 (0.93–2.87) 2.02 (1.17–3.49) 2.37 (1.39–4.01) 1.21 (1.07–1.37) 0.001

ARV 1.00 1.46 (0.84–2.52) 1.89 (1.12–3.18) 1.98 (1.19–3.32) 1.15 (1.01–1.37) 0.006

SD, standard deviation; VIM, variability independent of the mean; ARV, average real variability.
*Adjusted for sex, age, mean low-density lipoprotein cholesterol level, education, income, smoking status, drinking status, physical activity, diabetes, hyperten-
sion, body mass index, estimated glomerular filtration rate, and high-sensitivity C-reactive protein.


