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1 | INTRODUCTION

| Ling Yan MD? | Fuzhong Xue MD, PhD?

Lipids and lipid ratios have been proven to be associated with cardiovascular disease;
however, their relationships with stroke and stroke subtypes had not been fully un-
derstood. This study aims to assess the associations of lipids and lipid ratios with
type-specific stroke and compare their predictive capacities for stroke occurrence. In
this prospective cohort study, a total of 42 005 Chinese participants aged 20 to 80
who were free of stroke at baseline were included and selected into subgroups of
stroke subtypes (ischemic, hemorrhagic, and total). Total stroke outcome included a
combination of ischemic and hemorrhagic stroke. Over an average follow-up of
3.6 years, 781 participants developed stroke (623 ischemic and 158 hemorrhagic). In
men, the highest TC/HDL-C quartile was significantly associated with increased is-
chemic stroke risk (multivariable-adjusted hazard ratio [HR], 1.52, 95% confidence
interval [Cl], 1.14-2.03) and total stroke risk (HR, 1.45, 95% Cl, 1.12-1.87), and TC/
HDL-C had the highest area under the receiver operating characteristic curve (AUC)
for predicting ischemic (AUC, 0.868) and total stroke (AUC, 0.874). In women, the
highest TG quartile was significantly associated with increased risk of ischemic (HR,
1.99, 95% Cl, 1.11-3.59) and total stroke (HR, 1.85, 95% ClI, 1.07-3.20), with AUCs of
0.850 and 0.861, respectively. No lipid variables were significantly associated with
hemorrhagic stroke in both sex. In conclusion, TC/HDL-C ratio may better predict
stroke risk in men, whereas TG was more valuable in predicting stroke risk in women.
TC/HDL-C and TG may help to discriminate high stroke risk individuals and serve as

potential targets for stroke prevention.

a prospective and a retrospective cohort study observed that in-

creased TC/HDL-C ratio was significantly associated with isch-

14,15

emic stroke and brain ischemia recurrence, and a randomized

Dyslipidemia is conventionally considered to play an important role in
the pathogenesis of stroke.>? Traditional lipid parameters, represented
by increased serum concentrations of total cholesterol (TC), triglyceride
(TG), low-density lipoprotein cholesterol (LDL-C), and decreased high-
density lipoprotein cholesterol (HDL-C), are recognized as predictors for
cardiovascular disease (CVD) including stroke.>¢ However, several lipid
ratio parameters, such as TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C,
defined in an attempt to optimize the predictive capacity of the lipid
profile, have been demonstrated by several published studies to be bet-
ter predictors of vascular risk than traditional lipid parameters.”*3

Despite this, previous studies reported inconsistent results on

the associations between lipid ratios and stroke risk. For instance,

controlled trial study found a significant association between el-
evated TG/HDL-C ratio and recurrent stroke risk.® Findings from
the Northern Manhattan Study and the Iwate-Kenpoku Cohort
study conversely indicated no association between lipid ratios and
stroke.''8 Thus, there is still a lack of relevant epidemiologic evi-
dence to suggest the relationships between lipid ratios and stroke.
Moreover, few studies have directly compared the contribution of
lipids and lipid ratios on type-specific stroke, particularly in Asian
populations. Examining and quantifying to what extent lipids and
lipid ratios contribute to stroke risk has implications for risk stratifi-

cation and prevention of stroke.
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In this study, we aim to comprehensively assess the associations
between lipids, lipid ratios, and stroke in a Chinese prospective co-
hort, meanwhile to evaluate their capacities for predicting stroke

risk.

2 | METHODS

Data were obtained from the database of multicenter longitudinal
health management cohorts in Shandong province, which was based
on the routine health examination system in the Center for Health
Management of Jining Medical University Hospital. Previous stud-
ies in this cohort demonstrated high reliability and validity of the
data.*?° The protocol was approved by ethics committee of the
School of Public Health (20140322), Shandong University. Written
informed consent was obtained from all participants.

2.1 | Study population and cohort design

The prospective cohort recruited participants who underwent
routine health examination at least two times from 2007 to 2015
(n =76 364). The exclusion criteria were as follows: (a) with stroke
history or stroke at baseline (n = 887); (b) with missing data of age,
sex, serum lipid values, or other crucial variables (n = 31 722); and (c)
aged less than 20 or more than 80 (n = 1750). After exclusion of in-
eligible participants, a total of 42 005 participants (25 989 men and

16 016 women) were enrolled in the final analysis.

2.2 | Measurements

Demographic, clinical, and laboratory data were collected at base-
line. Fasting serum TC, TG, HDL-C, and LDL-C were measured en-
zymatically by cobas 8000 automatic chemical analyzer (Roche
Diagnostics, Basel, Switzerland) at the clinical laboratory of Jining
Medical University Hospital. Non-HDL-C was calculated as TC minus
HDL-C. Based on the routine serum lipid profiles obtained, we com-
puted three lipid ratio variables as follows: TC/HDL-C, TG/HDL-C,
and LDL-C/HDL-C ratios, all of which have at least once been re-
ported as a predictor of cardiovascular risk in the literature.811:21.22
Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured on the right upper arm of participants in a sitting
position after a 5-minute rest. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of the height in me-
ters. Trained interviewers obtained information on cigarette smok-
ing (current/not current), alcohol consumption status (current/not
current), family history of CVD (yes/no), and history of hyperten-
sion (yes/no). Type 2 diabetes mellitus was defined as fasting plasma
glucose 27.0 mmol/L and/or 2 hours postprandial plasma glucose
211.1 mmol/L according to the Chinese Guidelines for Prevention
and Treatment of Diabetes (2013 Edition). Information on the use
of lipid-lowering drugs was obtained from the database of medical
insurance information from the Office for Basic Medical Insurance in
Shandong Province and recorded as yes/no.

2.3 | Outcomes

Based on the updated definition and criteria of stoke,?® the out-
comes for this study were defined as follows: The primary outcome
was ischemic stroke, secondary outcome was hemorrhagic stroke,
and tertiary outcome was a combination of ischemic stroke and
hemorrhagic stroke. Diagnosis of stroke and stroke subtypes was
firstly recognized based on the health examination records and fur-
ther confirmed by accessing the databases of medical insurance in-
formation from the Office for Basic Medical Insurance in Shandong
Province. The International Classification of Diseases, 10th revision
(ICD-10) was used to identify stroke events (160-162 for hemorrhagic
stroke, 163-166 for ischemic stroke).

2.4 | Statistical analysis

The anthropometric and biochemical characteristics by sex and
by outcome events were described and compared at baseline. Cox
proportional hazards models were performed to estimate the ef-
fect of lipids and lipid ratios on risk of outcome events, after firstly
adjusting for age, BMI, SBP, DBP, cigarette smoking, alcohol con-
sumption status, and use of lipid-lowering drugs (model 1), and
then for other possible confounding factors: diabetes, history of
hypertension, and family history of CVD (model 2). All lipid and
lipid ratio variables were evaluated in the following two ways: (a)
as continuous variables and (b) as categories (each was stratified
into four quartiles according to the distribution, and dummy vari-
ables were created for each category to compare with the low-
est quartile as the referent group). The significance of the trend
over different categories was tested in the same model by giving
an ordinal numeric value for each dummy variable. The effect of
each parameter was expressed as hazard ratio (HR) with associated
95% confidence interval (Cl). The proportional hazards assumption
in the Cox model was assessed with graphical methods and with
models including time-by-covariate interactions. All proportional-
ity assumptions were valid. Receiver operating characteristic (ROC)
curve analysis was performed, and the area under the ROC curve
(AUC) was calculated to compare the predictive capacity of lipid
variables and identify the maximum value of sensitivity and speci-
ficity combinations corresponding to the appropriate cutoff points
of lipid variables for the prediction of the stroke events. The opti-
mal cutoff values were defined as the point at which the value of
“sensitivity+specificity-1” reached the maximum value. Data analy-
ses were performed by sex. All statistical analyses were performed
with the SAS system (version 9.4), and P < 0.05 (2-tailed) was con-

sidered statistically significant.

3 | RESULTS

3.1 | Baseline characteristics of study population

Over an average follow-up period of 3.6 years, 781 participants

developed incident stroke (623 ischemic and 158 hemorrhagic).
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TABLE 1 Descriptive characteristics of study variables by sex

Women
Variables Men (n = 25 989) (n =16 016) P value
Age 41.83+12.3 43.02 +£13.17 <0.001
BMI, kg/m? 25.85 + 3.64 23.56 + 3.59 <0.001
SBP, mm Hg 130.19 + 16.84 120.63 + 18.78 <0.001
DBP, mm Hg 81.23+12.25 72.89 +11.54 <0.001
Current 4804 (18.48) 25(0.16) <0.001
smoker, n (%)
Alcohol 5404 (20.79) 17 (0.11) <0.001
consumption,
n (%)
Use of 1492 (5.74) 678 (4.23) <0.001
lipid-lowering
drugs, n (%)
Diabetes, n (%) 2051 (7.89) 812 (5.07) <0.001
History of 8508 (32.74) 2831 (17.68) <0.001
hypertension,
n (%)
Family history 474 (1.82) 397 (2.48) <0.001
of CVD, n (%)
Follow-up year 3.66+2.13 3.45+2.03 <0.001
Incident stroke, 542 (2.09) 239 (1.49) <0.001
n (%)
Lipid variables
TC, mmol/L 491+0.93 475 +091 <0.001
TG, mmol/L 1.8+ 1.65 1.17+£091 <0.001
HDL-C, 1.26 £0.26 1.42 +0.26 <0.001
mmol/L
LDL-C, 2.87+0.74 2.73+0.74 <0.001
mmol/L
Non-HDL-C, 3.64 +£0.92 3.33+0.91 <0.001
mmol/L
TC/HDL-C 4,03 +1.07 3.45+0.88 <0.001
TG/HDL-C 1.59 +1.89 0.91 +£0.95 <0.001
LDL-C/ 2.35+0.71 1.98+0.64 <0.001
HDL-C

Data were expressed as mean + standard deviation or frequency (%).
Comparison was conducted using Mann-Whitney U test or chi-square
test.

BMI, body mass index; CVD, cardiovascular disease; HDL-C, high-den-
sity lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
TC, total cholesterol; TG, triglyceride.

Table 1 summarizes the baseline characteristics of study variables
by sex. Compared with female participants, male participants were
older and had higher levels of BMI, SBP, DBP, TC, TG, LDL-C, non-
HDL-C, TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C, and lower level
of HDL-C. Additionally, men appeared to be with more history of hy-
pertension and higher prevalence of diabetes, and developed more
stroke events than women during follow-up. Table S1 summarizes
the baseline characteristics of participants in stroke subtype groups

and nonstroke group. Compared with nonstroke group, participants

who developed stroke showed a significant increase in all lipids and

lipid ratios except from HDL-C.

3.2 | Adjusted HRs of lipids and lipid ratios as
continuous variables

Table 2 shows the adjusted HRs and 95% Cls of lipids and lipid ratios as
continuous variables for stroke events. After multivariable adjustment
(model 1), higher levels of TG, non-HDL-C, TC/HDL-C, and TG/HDL-C
was significantly associated with higher risk of ischemic and total
stroke in men, with HRs (95% Cls) of 1.07 (1.02-1.13), 1.13 (1.02-1.25),
1.11 (1.02-1.21), 1.06 (1.01-1.10), 1.08 (1.03-1.13), 1.15 (1.05-1.26),
1.11 (1.03-1.20), and 1.06 (1.02-1.10), respectively. The HRs of TG,
TC/HDL-C, and TG/HDL-C for both ischemic and total stroke, and the
HRs of non-HDL-C for total stroke were attenuated but remained sig-
nificant after adjusting for other covariates (model 2). Besides, higher
level of TC were significantly associated with increased total stroke
risk with the adjusted HRs (95% Cls) of 1.12 (1.03-1.23) in model 1
and 1.09 (1.00-1.20) in model 2. In women, higher TG level was sig-
nificantly associated with increased risk of ischemic and total stroke
with multivariable-adjusted HRs (95% Cls) of 1.12 (1.01-1.23) and 1.10
(1.00-1.20), respectively. No significant associations were observed
between lipid variables and hemorrhagic stroke in both sex.

3.3 | Adjusted HRs of lipids and lipid ratios
as categories

When estimated as categories, the increased ischemic and total
stroke risks were significantly associated with the highest TC/HDL-C
quartile in men and the highest TG quartile in women after multi-
variable adjustment (Tables S2 and S3). Figure 1 summarizes the
adjusted HRs and 95% Cls of TC/HDL-C quartiles for ischemic and
total stroke in men. In model 1, the HRs (95% Cls; P for trend) of the
highest vs the lowest TC/HDL-C quartile group was 1.55 (1.16-2.06;
P\ end = 0.004) for ischemic and 1.49 (1.16-1.92; P =0.002) for
total stroke. After adjusting for other covariates in model 2, the high-

trend

est TC/HDL-C quartile remained significantly associating with is-
chemic (HR, 1.52, 95% Cl, 1.14-2.03, P = 0.006) and total stroke
(1.45, 1.12-1.87, P4 = 0.004). Figure 2 summarizes the adjusted
HRs and 95% Cls of TG quartiles for ischemic and total stroke in
men. In model 1, the HRs (95% Cls) of the highest vs the lowest TG
quartile group was 1.99 (1.11-3.58; P4 = 0.018) for ischemic and
1.87 (1.08-3.24; P

further adjustment in model 2, the highest TG quartile remained sig-
nificantly associating with ischemic (1.99, 1.11-3.59, P, ., = 0.019)
and total stroke (1.85, 1.07-3.20, P =0.025). No lipid variables
were significantly associated with hemorrhagic stroke in both sex.

trend

=0.018) for total stroke, respectively. After

trend

trend

3.4 | Predictive capacity of lipid and lipid
ratio variables

Table 3 shows the results of AUC analyses of each lipid variable
for predicting future ischemic and total stroke by sex. Compared
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TABLE 2 Adjusted hazard ratios and 95% confidence intervals of lipids and lipid ratios as continuous variables for stroke

Ischemic stroke

Hemorrhagic stroke

Total stroke

1.18 (0.99-1.42)
1.09 (1.00-1.19)
0.97 (0.50-1.90)
1.11 (0.89-1.40)
1.20(1.00-1.45)

1.11 (0.95-1.30)
1.05(0.97-1.14)
1.10(0.86-1.39)

1.21(0.86-1.71)
1.04 (0.79-1.36)
1.31(0.37-4.70)
1.39(0.91-2.12)
1.21(0.85-1.72)

1.07 (0.75-1.52)
1.00(0.75-1.33)

Model 1 Model 2 Model 1
Men
Lipid, mmol/L
TC 1.11(1.00-1.22) 1.09 (0.98-1.20)
TG 1.07 (1.02-1.13)* 1.06 (1.00-1.12)*
HDL-C 0.85(0.59-1.23) 0.83(0.57-1.21)
LDL-C 1.08 (0.95-1.22) 1.06 (0.94-1.21)
Non-HDL-C 1.13(1.02-1.25)’ 1.11 (1.00-1.23)
Lipid ratios
TC/HDL-C 1.11(1.02-1.21)* 1.10(1.01-1.2)*
TG/HDL-C 1.06 (1.01-1.10)* 1.05 (1.00-1.10)*
LDL-C/HDL-C  1.12(0.98-1.27) 1.11(0.98-1.27)
Women
Lipid, mmol/L
TC 0.97 (0.83-1.13) 0.97 (0.83-1.12)
TG 1.11(1.01-1.22)* 1.12 (1.01-1.23)*
HDL-C 1.15(0.68-1.94) 1.14 (0.67-1.93)
LDL-C 0.89 (0.75-1.07) 0.89 (0.74-1.07)
Non-HDL-C 0.96 (0.82-1.12) 0.95(0.81-1.11)
Lipid ratios
TC/HDL-C 0.96 (0.82-1.12) 0.96 (0.82-1.13)
TG/HDL-C 1.08(0.99-1.18) 1.09 (1.00-1.19)
LDL-C/HDL-C  0.86(0.69-1.07) 0.86(0.69-1.07)

1.30(0.79-2.13)

Model 2

1.11(0.93-1.34)
1.04 (0.95-1.15)
0.94 (0.47-1.86)
1.07 (0.85-1.35)
1.13(0.94-1.36)

1.08 (0.92-1.27)
1.02 (0.93-1.12)
1.08 (0.84-1.38)

1.22(0.86-1.72)
0.99 (0.73-1.33)
1.59 (0.44-5.72)
1.42(0.92-2.18)
1.19 (0.83-1.7)

1.02 (0.71-1.45)
0.94 (0.68-1.30)
1.24(0.75-2.04)

Model 1

1.12(1.03-1.23)*
1.08 (1.03-1.13)*
0.88(0.64-1.21)
1.08 (0.97-1.21)
1.15(1.05-1.26)*

1.11(1.03-1.20)*

1.06 (1.02-1.10)*
1.11 (0.99-1.24)

1.00 (0.87-1.15)

1.10 (1.00-1.20)*

1.17 (0.72-1.91)
0.95(0.81-1.13)
0.99 (0.86-1.14)

0.98 (0.85-1.13)
1.07 (0.99-1.17)
0.91(0.75-1.12)

Model 2

1.09 (1.00-1.20)*
1.06 (1.01-1.11)*
0.86(0.62-1.19)
1.07 (0.96-1.19)
1.12(1.02-1.22)*

1.10(1.02-1.19)*
1.04 (1.00-1.09)*
1.11 (0.99-1.24)

1.00 (0.87-1.15)
1.10 (1.00-1.20)*
1.19 (0.73-1.94)
0.95(0.80-1.13)
0.98 (0.85-1.14)

0.97 (0.84-1.12)
1.07 (0.98-1.17)
0.91(0.74-1.11)

Model 1: adjusted age (continuous), BMI (continuous), SBP (continuous), DBP (continuous), cigarette smoking (current/not current), alcohol consump-
tion (current/not current), and use of lipid-lowering drugs (yes/no). Model 2: adjusted model 1 plus diabetes (yes/no), history of hypertension (yes/no),

and family history of CVD (yes/no).

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.

*P value <0.05.

with other lipid variables, TC/HDL-C and TG were with the
highest adjusted AUC in predicting men and women'’s stroke,
indicating their potential superior predictive capacity. Figure 3
presents the adjusted ROC curves of TC/HDL-C for predicting
future ischemic and total stroke in men. The area under the ROC
curves of TC/HDL-C were 0.864 (model 1) and 0.868 (model 2)
for ischemic stroke, and 0.868 (model 1) and 0.874 (model 2)
for total stroke in men. In women, the AUC of TG for ischemic
and total stroke was 0.846 and 0.857 in model 1, and 0.850 and
0.861 in model 2, respectively, as shown in Figure 4. According
to the ROC curves, the cutoff values of TC/HDL-C for predict-
ing increased stroke risk in men were 4.77 (ratio) and the cutoff
values of TG for predicting increased stroke risk in women were
1.025 mmol/L. The evaluation of the performance of lipid varia-
bles for predicting stroke by other diagnosis indexes: sensitivity,
specificity, likelihood ratio (+), and likelihood ratio (-), is shown
in Tables S4 and S5. TC/HDL-C and TG were with the best ca-
pacity for correctly discriminating and predicting stroke events

in men and women.

4 | DISCUSSION
The findings from this large cohort add to the growing evidence that
serum lipid and lipid ratio parameters are associated with stroke
risk. When estimated as continuous variables, higher levels of TG,
TC/HDL-C, and TG/HDL-C in men and TG in women were associ-
ated with increased risk of ischemic and total stroke. When strati-
fied into categories, regression results confirmed the contribution
of TC/HDL-C in men and TG in women to ischemic and total stroke.
Further AUC analyses demonstrated TC/HDL-C and TG had better
predictive capacity than other lipid parameters in predicting stroke
in men and women. However, we did not observe significant associa-
tions between lipids variables and hemorrhagic stroke in both sex.
Significant progress has been made in assessing the relationship
between lipid parameters and stroke. Particularly, lipid ratios have
became well-established representations of their joint contribu-
tion to cardiovascular risk stratification.”*? Yet some inconsistency
exists regarding the association between lipid ratios and stroke.
For instance, a retrospective observational cohort study reported
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TC/HDL-C Model 1 Model 2
Lipid levels N total Nevent HR (95%CI) HR (95%CI)
Ischemic stroke
<3.30 6497 74 Ref . P=0.004 Ref ] P=0.006
3.30~ 6497 101 1.12 (0.83-1.51) —— 1.10 (0.81-1.48) ——
3.91~ 6497 90 0.93 (0.68-1.27) —=— 0.90(0.66-1.23) —=—
4.61~ 6498 153  1.55(1.16-2.06) —— 1.52 (1.14-2.03) —
Total stroke
<3.30 6497 96 Ref . P=0.002 Ref . P=0.004
3.30~ 6497 128 1.09 (0.83-1.42) —— 1.06 (0.81-1.39) ——
3.91~ 6497 127 1.01 (0.77-1.32) —— 0.97 (0.74-1.27) ——
461~ 6498 191 1.49 (1.16-1.92) — 1.45(1.12-1.87) ——
[ T 1 T 1 I \ T | 1
05 1 1.8 2 25 05 1 15 2 25

FIGURE 1 Adjusted hazard ratios and 95% confidence intervals of TC/HDL-C for ischemic and total stroke in men. Model 1: adjusted age
(continuous), BMI (continuous), SBP (continuous), DBP (continuous), cigarette smoking (current/not current), alcohol consumption (current/
not current), and use of lipid-lowering drugs (yes/no). Model 2: adjusted model 1 plus diabetes (yes/no), history of hypertension (yes/no), and
family history of CVD (yes/no). TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio

TG Model 1 Model 2

Lipid levels N total Nevent HR (95%CI) HR (95%Cl)

Ischemic stroke

<0.67 4013 16 Ref P=0.018 Ref “ P=0.019

0.67~ 4016 37 1.58 (0.85-2.96) —_—— 1.60(0.85-2.99) ——=——

0.94~ 4016 63 1.49 (0.81-2.74) —— 1.50(0.82-2.75) ——=—

1.39~ 3971 123 1.99(1.11-3.58) —_—— 1.99 (1.11-3.59) —_——

Total stroke

<0.67 4013 16 Ref . P=0.018 Ref . P=0.025

0.67~ 4016 34 1.47 (0.82-2.66) 1.49 (0.82-2.68) ——=—

0.94~ 4016 51 1.53 (0.87-2.69) 1.52 (0.87-2.68) ——

1.39~ 3971 106 1.87 (1.08-3.24) — 1.85 (1.07-3.20) —_—
I | T 1 T T T |
0 2 3 4 051 2 3 4

FIGURE 2 Adjusted hazard ratios and 95% confidence intervals of TG for ischemic and total stroke in women. Model 1: adjusted age
(continuous), BMI (continuous), SBP (continuous), DBP (continuous), cigarette smoking (current/not current), alcohol consumption (current/
not current), and use of lipid-lowering drugs (yes/no). Model 2: adjusted model 1 plus diabetes (yes/no), history of hypertension (yes/no), and

family history of CVD (yes/no). TG, triglyceride; HR, hazard ratio

brain ischemia recurrence increased with increased values of TC/
HDL-C and LDL-C/HDL-C in patients with embolic stroke,'® and a
case-control study found that higher TC/HDL-C, TG/HDL-C, and
LDL-C/HDL-C related to an increased risk for ischemic stroke.?*
However, the Northern Manhattan Study found no relation of
stroke risk with higher level of TC/HDL-C ratio,’” and a Japanese
study indicated no association between lipoprotein ratio quartiles
and ischemic stroke.*® The discrepant findings may be explained
by the substantial heterogeneity of the study population, design,
end point definition, or due to missing data on type-specific stroke
and because of possible different association between lipids pro-
files with stroke subtypes and insufficient adjustment for potential
medical confounders.

In this study, after adjusting for confounders, the TC/HDL-C
ratio showed significant association with the risk of ischemic and
total stroke in men, though TC or HDL-C alone did not show any
significant association. A Finland cohort study revealed TC/HDL-C
was associated with ischemic stroke for both men and women,25
whereas we observed no significant association between TC/HDL-C
and stroke risk in women. In addition, we observed that TC/HDL-C
presented a higher AUC for stroke than other lipid variables, indi-
cating its potential for higher discriminatory power, as well as better
predictive capacity for stroke. This observation is concordant with
results from several previous studies, which suggests TC/HDL-C
ratio may be a more potent predictor of cardiovascular risk than TC,
LDL-C, or HDL-C alone.1?%
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TABLE 3 Adjusted AUCs and 95% confidence intervals of lipids and lipid ratios for predicting ischemic and total stroke

Ischemic stroke

Total stroke

0.867 (0.851, 0.883)
0.867 (0.851, 0.883)
0.867 (0.851, 0.883)
0.867 (0.851, 0.883)
0.867 (0.852,0.884)
0.868(0.853,0.884)
0.867 (0.851, 0.883)
0.868(0.852,0.884)

0.849 (0.827,0.872)
0.850 (0.828, 0.872)
0.849 (0.827,0.871)
0.849 (0.827,0.872)
0.849 (0.826, 0.872)
0.849 (0.826, 0.871)
0.850(0.827,0.872)

Variables Model 1 Model 2
Men
TC 0.863(0.847,0.879) (
TG 0.863(0.847,0.880) (
HDL-C 0.863 (0.846, 0.879) (
LDL-C 0.862(0.846,0.879) (
Non-HDL-C 0.863(0.847,0.880) (
TC/HDL-C 0.864 (0.848,0.880) (
TG/HDL-C 0.863(0.847,0.879)
LDL-C/HDL-C 0.863(0.847,0.879)
Women
TC 0.845 (0.822, 0.868)
TG 0.846 (0.823,0.869)
HDL-C 0.845 (0.822, 0.868)
LDL-C 0.845 (0.822, 0.868)
Non-HDL-C 0.845 (0.822, 0.868)
TC/HDL-C 0.845 (0.822, 0.868)
TG/HDL-C 0.846(0.823,0.869)
LDL-C/HDL-C 0.845 (0.821, 0.868)

0.849 (0.826, 0.871)

Model 1

0.868 (0.853, 0.882)
0.867(0.853,0.882)
0.866 (0.852,0.881)
0.867 (0.852,0.881)
0.868 (0.854, 0.882)
0.868 (0.854, 0.882)
0.867 (0.852, 0.882)

)

0.867 (0.853,0.882

0.856(0.835, 0.877)
0.857 (0.836, 0.877)
0.856(0.835,0.877)
0.856 (0.835, 0.877)
0.856(0.835, 0.877)
0.856 (0.835, 0.877)
0.856(0.835, 0.877)
0.856 (0.835, 0.877)

Model 2

0.874 (0.860, 0.888)
0.874 (0.859,0.888)
0.873 (0.859, 0.887)
0.873(0.859, 0.888)
0.874 (0.860, 0.888)
0.874 (0.860, 0.888)
0.873(0.859, 0.888)

0.874 (0.860, 0.888)

0.861 (0.841, 0.881)
0.861 (0.841, 0.881)
0.861 (0.841, 0.881)
0.861 (0.841, 0.881)
0.849 (0.826, 0.872)
0.861 (0.841, 0.881)
0.861 (0.841, 0.881)
0.861 (0.841, 0.881)

Model 1: adjusted age (continuous), BMI (continuous), SBP (continuous), DBP (continuous), cigarette smoking (current/not current), alcohol consump-
tion (current/not current), and use of lipid-lowering drugs (yes/no). Model 2: adjusted model 1 plus diabetes (yes/no), history of hypertension (yes/no),

and family history of CVD (yes/no).

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.

The simultaneous use of lipid profile in a ratio is more useful than in-
dividual lipid values as it more closely reflects the complex interactions
of lipoprotein metabolism. Some researchers claimed the lipid ratio in-
dicates the proportion of atherogenic to anti-atherogenic lipoproteins.”
We assume individuals with a high TC/HDL-C ratio have greater stroke
risk owing to the imbalance between the cholesterol carried by athero-
genic and protective lipoproteins. This may be due to an increase in the
atherogenic component contained in the numerator, a decrease in the
anti-atherosclerotic trait of the denominator, or both.?’

The association between TG level and stroke risk has been in-
vestigated in several studies, of which some found a positive asso-

28-30 \while others found no association.>®%%2 |n this study,

ciation,
we observed increased level of TG was associated with increased
risk of ischemic and total stroke in women, concordant with the re-
sult from the Women’s Health Initiative Observational Study28 and a
large Asian-Pacific meta-analysis.29 Mechanically, increased level of
TG indicates the presence of increased level of atherogenic remnant
lipoproteins,®® which may carry, like low-density lipoprotein, large
amounts of cholesterol that upon entrance into the arterial intima
and cause atherosclerosis and eventually ischemic stroke. Also, in-
creased level of TG associates with increased levels of small, dense
LDLs, both of which associate with atherosclerosis.>* Nevertheless,
some observational studies indicated no association between TG and

stroke, and a systematic review showed a weak detrimental effect of

higher triglyceride levels on stroke risk. These mixed results may be
explained by different study population and study design, or partly
due to differential use of both fasting and nonfasting TG levels, as
several studies put forward using levels of nonfasting rather than
fasting TG may better predict ischemic stroke, perhaps because the
greater variability of postprandial levels captures important infor-
mation about an individual’s metabolism.3*%> These discrepancies
highlight the need for additional large prospective studies to firmly
establish the independent effect of TG levels on stroke risk.

Although TG was associated with stroke risk in women, such
association was not observed in men in this study. Summarily, TC/
HDL-C was associated with stroke risk in men but not in women. This
observed sex disparity possibly resulted from various mechanisms
raised by previous studies. For instance, considering the different
hormonal profiles between two sex, Women'’s Health Initiative and
others argue that the effect of estrogen on lipid metabolism to
be responsible for this disparity.>¢3® Other basic research studies
point out women'’s atherosclerotic plaques tend to have more sta-
ble fibrous cap and erode more frequently, whereas men prone to
more plaque ruptures.®’ Moreover, the removal and transport rate
of low- and very low-density lipoprotein is higher in women than in
men,*®*! leading to the unequal risk level of atherosclerosis in male
and female sex. These observations may partly account for the sex
disparity emphasized by this study.
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FIGURE 3 Adjusted ROC curves and AUCs of TC/HDL-C for predicting ischemic and total stroke in men. Model 1: adjusted age
(continuous), BMI (continuous), SBP (continuous), DBP (continuous), cigarette smoking (current/not current), alcohol consumption (current/
not current), and use of lipid-lowering drugs (yes/no). Model 2: adjusted model 1 plus diabetes (yes/no), history of hypertension (yes/no),
and family history of CVD (yes/no). ROC curves, receiver operating characteristic curves; AUC, area under ROC curve; TC, total cholesterol;
HDL-C, high-density lipoprotein cholesterol
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FIGURE 4 Adjusted ROC curves and AUCs of TG for predicting ischemic and total stroke in women. Model 1: adjusted age (continuous),
BMI (continuous), SBP (continuous), DBP (continuous), cigarette smoking (current/not current), alcohol consumption (current/not current),
and use of lipid-lowering drugs (yes/no). Model 2: adjusted model 1 plus diabetes (yes/no), history of hypertension (yes/no), and family
history of CVD (yes/no). ROC curves, receiver operating characteristic curves; AUC, area under ROC curve; TG, triglyceride

The association between lipid profiles and hemorrhagic stroke association of the third LDL-C/HDL-C quartile group with lower
is less certain. Several studies reported an increased risk of hem- hemorrhagic stroke risk, possibly indicates an inverse or a nonlinear
orrhagic stroke at lower lipid levels,*** while others observed no association. Nevertheless, the exact relationship between lipids and

significant association.**> We observed in this study a significant hemorrhagic stroke remains to be further examined.
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This study has several limitations. Firstly, the associations of lipid
parameters with stroke have been revealed to be heterogeneous
across ischemic stroke subtypes,* and lacunar stroke and embolic
stroke seem to be less associated with elevated lipid levels than
those large artery atherosclerotic stroke subtypes, such as athero-
thrombotic infarction.*®*” Therefore, it is probable that including
these ischemic stroke subtypes as an entirety in this analysis masks
the true association. Secondly, we had no measurements of several
important markers for atherogenic lipoproteins, including apolipo-
protein B or A-l, and these markers could potentially provide addi-
tional information about stroke risk. Thirdly, this study is conducted
based on the routine health examination in health examination cen-
ter, and so the participants who undertook the health examination
may not be representative of the overall health population, thereby
limiting generalizability. Finally, although we adjusted for numerous
covariates by multivariable regression, the effects of residual con-
founders may not be wholly controlled due to measurement errors
or unmeasured factors. However, our study is strengthened by the
rigorous procedures of the prospective design and inclusion of type-
specific stroke participants with large sample size, as well as suffi-
ciently long follow-up time. In addition, we estimated variables both
as categories and as continuous variables, which comprehensively
reflected and confirmed the association between lipid-related vari-

ables and stroke risk.

5 | CONCLUSIONS

This study provided evidence on the association of lipids and lipid
ratios with stroke and its subtypes. TC/HDL-C was mostly associ-
ated with ischemic and total stroke in men, whereas TG was more
important in predicting ischemic and total stroke in women. These
two lipid indexes appeared to be of most important prognostic
value for identifying high-risk participants predisposed to stroke
in men and women and may serve as potential targets for stroke

prevention.
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