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Circulating lipid and lipoprotein biomarkers have consis-
tently been associated with cardiovascular diseases as 

myocardial infarction and stroke.1 A previous meta-analysis 
of low-density lipoprotein cholesterol (LDLC)–lowering tri-
als has shown risk reduction for ischemic stroke.2 In addi-
tion, the SPARCL trial (Stroke Prevention by Aggressive 
Reduction in Cholesterol Levels) in secondary stroke preven-
tion demonstrated a significant reduction in recurrent stroke 

with atorvastatin.3 Importantly, it is unclear as to whether lipid 
lowering with statins is beneficial across different ischemic 
stroke subtypes. Although lipid lowering is likely to be effec-
tive in large artery atherosclerosis stroke, the evidence impli-
cating elevated lipids in the small artery occlusion stroke is 
scant. In the recent J-STARS (Japan Statin Treatment Against 
Recurrent Stroke)  stroke secondary prevention trial, pravas-
tatin reduced large artery atherosclerosis recurrent stroke risk, 
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but it had no effect on small artery occlusion risk.4 In addi-
tion, there is insufficient evidence whether high-density lipo-
protein cholesterol (HDLC) and triglycerides may be causally 
involved in the development of ischemic stroke.5

Genetic variants are randomly distributed at conception and 
thus can be used to overcome 2 of the major problems of obser-
vational studies, biases because of confounding and reverse 
causation. Mendelian randomization (MR) is an analytic 
method that leverages genetic variants associated with heritable 
risk factors to generate causal estimates between such factors 
and diseases. This method has recently been used to provide 
evidence for a causal relationship of LDLC and triglycerides 
with coronary artery disease (CAD). However, MR studies have 
not indicated any causality between HDLC and CAD.6–10

All MR studies rely on 3 basic assumptions: the genetic 
instrument (1) should be reliably associated with the expo-
sure, (2) should be associated with the outcome only through 
the exposure, and (3) should not be associated with other 
factors that affect the outcome. This means that the genetic 
variants used as instruments must exert their effects on the 
outcome exclusively through the exposure of interest and 
not through alternative pathways. Single genetic variants, as 
single nucleotide polymorphisms (SNPs), that fulfill the MR 
assumptions, can be used, but their use may only be meaning-
ful in large studies powerful enough to study the effect of the 
small proportion of exposures explained by the single vari-
ants. However, summary-level data of large meta-analyses of 
genome-wide association studies (GWAS) are increasingly 
available and allow the use of combinations of SNPs in MR 
analyses. However, SNPs may not fulfill the MR assumptions 
and may lead to bias through pleiotropic effects. Several meth-
ods have been recently developed to correct for such bias.11,12

We conducted an MR study, using summary-level data from 
publicly available GWAS of lipids and other cardiometabolic 
traits, to investigate the causal relationship of LDLC, HDLC, 
and triglycerides in the development of ischemic stroke as a 
whole and its 3 main subtypes: cardioembolic, large artery 
atherosclerosis stroke, and small artery occlusion.

Methods

Data Sources
Summary-level data for 185 genome-wide lipids-associated SNPs 
were obtained from the publicly available data through the Global 
Lipids Genetics Consortium.13 The Global Lipids Genetics Consortium 
GWAS included 188 577 individuals of primarily European ancestry. 
The summary-level data for ischemic stroke and its subtypes were 
obtained from the National Institute of Neurological Disorders and 
Stroke−Stroke Genetics Network.14 The Stroke Genetics Network 
GWAS included 16 851 ischemic stroke cases and 32 473 controls 
of predominantly European ancestry. Of the ischemic stroke cases, 
2410 were subclassified as large artery atherosclerosis stroke, 3186 
as small artery occlusion stroke, and 3427 as cardioembolic stroke 
using the Trial of Org 10172 in Acute Stroke Treatment criteria.15 The 
Global Lipids Genetics Consortium summary data were available in 
the public domain, and an ethics approval was obtained from each 
contributing study in the original publication.13 Each study included 
in the Stroke Genetics Network was approved by the local institu-
tional review board and ethics committee, and all participants pro-
vided written informed consent.14 In line with the Transparency and 
Openness Promotion Guidelines, data and analytic methods used 
have been appropriately cited, and the data used for the main analyses 
are provided in Tables I and II in the online-only Data Supplement.

SNP Selection
We obtained summary estimates for 185 SNPs reported in the most 
recent lipids GWAS by Willer et al13 to be associated with LDLC, 
HDLC, and triglycerides. The 185 SNPs can be considered as inde-
pendent because of low linkage disequilibrium (maximum r2<0.2 
between any SNPs). Each instrumental variable was constructed 
from SNPs showing GWAS significant association (P<5×10–8) with 
the respective trait. The instrumental variables included 76 SNPs for 
LDLC, 86 SNPs for HDLC, and 51 SNPs for triglycerides. The LDLC, 
HDLC, and triglycerides instruments explained 6.4%, 5.9%, and 4.6% 
of the variances in LDLC, HDLC, and triglycerides, respectively, as 
estimated by the gtx package in R. We then obtained summary esti-
mates for the same set of 185 SNPs from the Stroke Genetics Network 
GWAS for ischemic stroke and its subtypes, and the effect alleles were 
matched with all lipid and stroke summary data. Summary data on 2 
SNPs (rs1998013 and rs7422339) were missing.

Statistical Analysis
We performed 3 different MR analyses: (1) conventional inverse-
variance–weighted MR; (2) multivariable MR to adjust for pleiotropy 
using summary-level data of other known lipid- and cardiometabolic 
traits; and (3) MR-Egger to account for all pleiotropic bias from 
known and unknown factors.

First, we performed inverse-variance–weighted MR (hereafter 
referred to as conventional MR) using each set of SNPs for each trait 
as instrumental variables. This method is a weighted linear regression 
between the instrumental SNP-β estimates of each lipid trait as expo-
sure variables and the stroke β estimates of the same SNPs as out-
come variables. This regression is weighted by the inverse-variance 
of SNP–stroke association, and the regression line is fixed to zero. 
This method, however, does not correct for pleiotropic bias if pres-
ent.16 To correct for that, we performed inverse-variance–weighted 
multivariable MR (hereafter referred to as multivariable MR) using 
all 185 SNPs. This method adjusts for pleiotropic effects across the 
included lipid traits in our analyses using β’s from SNP–stroke as 
outcome variables and β’s from SNP-LDLC, SNP-HDLC, and SNP-
triglycerides as predictors in 1 multivariable model. The intercept was 
constrained to zero, and the regression was weighted by the inverse-
variance of the SNP–stroke associations.17 We additionally performed 
multivariable MR using a total of 343 SNPs (r2<0.2). In addition to 
the 185 primarily lipid associated SNPs, we included SNPs that asso-
ciate primarily with other cardiometabolic traits, including 97 SNPs 
for body mass index, 49 for waist-to-hip ratio adjusted for body mass 
index, 36 for fasting plasma glucose, and 26 for fasting plasma insu-
lin, all obtained from publicly available data releases of the latest 
GWAS meta-analyses.13,18–20 We additionally performed MR-Egger as 
previously described.12 Egger regression was previously developed 
to detect small-study bias in meta-analyses and can be similarly used 
to detect bias because of unbalanced pleiotropy in MR studies. In 
contrast to conventional MR, the regression line is unconstrained, 
and the intercept represents the average pleiotropic effects across all 
SNPs, assuming that the distribution of pleiotropic effects is inde-
pendent from the genetic associations with exposure, also known 
as the INstrument Strength Independent of Direct Effect assump-
tion. In addition to MR-Egger, we performed sensitivity analyses to 
minimize biases because of pleiotropy by excluding SNPs exhibit-
ing potential pleiotropy using Steiger filtering. Steiger filtering was 
performed using the 185 lipid-associated SNPs for each lipid trait. 
SNPs were excluded if they explained larger variance of any of the 
other 2 lipid traits compared with the trait of interest. We performed 
a 2-stage Steiger filtering. The first stage was based solely on the r2 
values of each SNP with respect to the 3 lipid traits. For example, 
for the LDLC instrument, we included an SNP if it had a larger r2 
value for LDLC compared with HDLC or triglycerides. In a stricter 
additional stage, SNPs were included only if r2 values were signifi-
cantly larger for the trait compared with the other 2 traits (P<0.05), 
as described before.21 Finally, analyses were done using instruments 
that only included SNPs that exclusively associated with the trait 
of interest and not with the other traits (P>5×10–8). We analyzed 
all of these instruments for outlier pleiotropy using MR-Pleiotropy 
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Residual Sum and Outlier test and performed conventional MR 
and MR-Egger after exclusion of outlier SNPs. Analyses were per-
formed using the MendelianRandomization, TwoSampleMR, and 
MR-Pleiotropy Residual Sum and Outlier test packages in R version 
3.2.22,23 Bonferroni-corrected 2-sided P values (P=0.004; 0.05/12) for 
12 tests (3 exposures and 4 outcomes) were used.

We performed conventional MR analyses for LDLC using variants 
in genes encoding targets for LDLC lowering (HMGCR, PCSK9, and 
NPC1L1) or HDLC elevation (CETP). Variants in these genes were 
previously selected using r2<0.4, and thus we incorporated covari-
ance matrices in all MR analyses.8,24

Odds ratio (OR) thresholds were calculated for all stroke subtypes 
given the case count, sample size, instrument strength, and 80% 
minimum power.25 For ischemic stroke, we had 80% power to detect 
associations with ORs as low as 1.11 with an instrument explaining 
6.4% of the exposure and as high as 1.26 with instruments explaining 
1.2% of the exposure. The OR range was 1.24 to 1.56 for large artery 
atherosclerosis stroke, 1.21 to 1.49 for small artery occlusion stroke, 
and 1.20 to 1.48 for cardioembolic stroke (Table III in the online-only 
Data Supplement).

Results
The associations between LDLC and ischemic stroke and 
subtypes are shown in Figure 1. Genetically predicted LDLC 
was associated with higher risk for ischemic stroke (OR: 1.12; 
95% confidence interval [CI]: 1.01–1.24; per 1-SD elevation 
of LDLC) by conventional MR. MR-Egger showed a stronger 
association (OR: 1.22; 95% CI: 1.05–1.43), and the intercept 
did not indicate pleiotropic bias (P intercept=0.14). In addi-
tion, conventional MR suggested a direct association between 
genetically elevated LDLC and large artery atherosclerosis 

stroke (OR: 1.28; 95% CI: 1.07–1.53). Fully adjusted mul-
tivariable MR and MR-Egger showed stronger associa-
tions (OR: 1.36; 95% CI: 1.17–1.57 and OR: 1.40; 95% CI: 
1.06–1.86, respectively), and MR-Egger intercept showed no 
pleiotropy (P=0.39). After Bonferroni correction, only multi-
variable MR analyses remained significant. Genetically pre-
dicted LDLC did not associate with small artery occlusion nor 
with cardioembolic stroke.

Genetically predicted elevations in HDLC levels were 
associated with lower risk of small artery occlusion stroke 
(OR: 0.79; 95% CI: 0.67–0.93; per 1-SD elevation of HDLC) 
using conventional MR (Figure 2). Similar associations were 
observed using multivariable MR. MR-Egger showed no evi-
dence of pleiotropic bias (P intercept=0.33). Multivariable MR 
analyses showed a weaker evidence of association between 
HDLC and ischemic stroke as it did not pass Bonferroni cor-
rection. In addition, the MR-Egger estimate showed a null 
association (OR: 1.01; 95% CI: 0.87–1.18). No associations 
were observed for HDLC with large artery atherosclerosis or 
cardioembolic strokes. Finally, genetically elevated triglycer-
ides did not associate with ischemic stroke or any of its sub-
types (Figure 3).

In sensitivity analyses, MR-Pleiotropy Residual Sum and 
Outlier test showed outlier pleiotropy between LDLC and isch-
emic stroke. After excluding outlier SNPs, LDLC remained 
associated with ischemic stroke (OR: 1.14; 95% CI: 1.06–1.24; 
P=0.0009; Table IV in the online-only Data Supplement). The 
2-stage Steiger filtering resulted in 66- and 61-SNP LDLC 

Figure 1. Association of low-density lipoprotein cholesterol with ischemic stroke and subtypes using different Mendelian randomization 
(MR) analyses. Odds ratio (OR) of ischemic stroke per 1-SD increase in each lipid trait. Conventional MR estimates were derived from 
2-sample MR that forces the intercept of the slope line to zero and does not account for pleiotropy. Multivariable MR adjusts for other 
lipid traits and MR-Egger adjusts for unbalanced pleiotropy. *Multivariable MR analysis using summary estimates of 343 single nucleotide 
polymorphisms that adjusts for lipid traits, body mass index (BMI), waist hip ratio adjusted for BMI, fasting plasma glucose, and fasting 
plasma insulin. CI indicates confidence interval.
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instruments (explaining 5.9% and 5.6% of LDLC variance, 
respectively) that indicated direct association between LDLC 
and ischemic stroke (P=0.0001). Excluding SNPs associated 
with HDLC and triglycerides resulted in a 55-SNP instru-
ment (explaining 3.6% of LDLC variance), which showed 
direct association with ischemic stroke (OR: 1.20; 95% CI: 
1.08–1.34). All LDLC instruments after Steiger filtering and 
exclusion of HDLC and triglycerides SNPs showed direct 
association with large artery atherosclerosis stroke with ORs 
ranging between 1.32 and 1.36 using conventional MR.

MR-Pleiotropy Residual Sum and Outlier test showed out-
lier pleiotropy between HDLC and small artery atheroscle-
rosis stroke (Table V in the online-only Data Supplement). 
Removal of outlier SNPs did not change our results (OR: 0.81; 
95% CI: 0.70–0.93; P=0.003). Two-stage Steiger filtering 
resulted in 76- and 50-SNP HDLC instruments (explaining 
4.9% and 4.2% of HDLC variance, respectively), which also 
showed nominal associations (P=0.014 and 0.010, respec-
tively). Excluding LDLC- and triglycerides-associated SNPs 
resulted in a 50-SNP instrument (explaining 1.9% of HDLC 
variance) that did not show a significant association (OR: 
0.82; 95% CI: 0.65–1.04; P=0.11).

Finally, an LDLC-lowering instrument created by SNPs in 
the LDLR gene supported a causal role of LDLC in ischemic 
(OR: 0.78; 95% CI: 0.63–0.96; per 1-SD lower LDLC) and 
large artery stroke (OR: 0.66; 95% CI: 0.45–0.98). Although, 
the HMGCR LDLC instrument showed lower risk of isch-
emic stroke (OR: 0.70; 95% CI: 0.50–0.99), no association 

was observed with large artery stroke, but a strong association 
was observed with small artery occlusion stroke (OR: 0.41; 
95% CI: 0.21–0.81). The PCSK9 LDLC instrument showed 
an unexpected higher risk of cardioembolic stroke with 
lower LDLC but no association with all ischemic or the other 
stroke subtypes. The NPC1L1 instrument showed lower risk 
of ischemic (OR: 0.61; 95% CI: 0.37–0.99), large artery ath-
erosclerosis (OR: 0.18; 95% CI: 0.06–0.53), and small artery 
occlusion (OR: 0.22; 95% CI: 0.08–0.56) strokes. Finally, a 
CETP instrument for higher HDLC suggested lower risk of 
ischemic (OR: 0.94; 95% CI: 0.88–1.00) and small artery 
occlusion stroke (OR: 0.88; 95% CI: 0.78–1.00; Figure I in 
the online-only Data Supplement).

Discussion
This MR study provides evidence for a direct relationship 
between LDLC and ischemic stroke that is likely driven by 
an association with large artery atherosclerosis stroke. There 
was no evidence of association of LDLC with small artery 
occlusion or cardioembolic stroke. In addition, results from 
this study provide evidence for an inverse association between 
HDLC and small artery occlusion stroke. Finally, this study 
does not provide any support for association of genetically 
higher triglycerides with ischemic, large artery atherosclero-
sis, small artery occlusion, or cardioembolic strokes.

Observational studies have provided discrepant results con-
cerning the relationship of LDLC, HDLC, and triglycerides 
with ischemic stroke. Most but not all observational studies 

Figure 2. Association of high-density lipoprotein cholesterol with ischemic stroke and subtypes using different Mendelian randomization 
(MR) analyses. Odds ratio (OR) of ischemic stroke per 1-SD increase in each lipid trait. Conventional MR estimates were derived from 
2-sample MR that forces the intercept of the slope line to zero and does not account for pleiotropy. Multivariable MR adjusts for other 
lipid traits and MR-Egger adjusts for unbalanced pleiotropy. *Multivariable MR analysis using summary estimates of 343 single nucleotide 
polymorphisms that adjust for lipid traits, body mass index (BMI), waist hip ratio adjusted for BMI, fasting plasma glucose, and fasting 
plasma insulin. CI indicates confidence interval.D
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support a direct association between elevated total and LDLC 
and ischemic stroke.1,26,27 In addition, most studies report an 
inverse relationship between HDLC and ischemic stroke27–30 
and a direct relationship between triglycerides and ischemic 
stroke.1,27–31 However, most observational studies have not 
performed subtyping of ischemic stroke into different patho-
physiological stroke subtypes. Few studies have shown direct 
association between total cholesterol and large artery athero-
sclerosis stroke.32 However, the association between LDLC and 
small artery occlusion stroke has not been consistent among 
studies.1,33,34 Randomized controlled trials (RTCs) have provided 
evidence for a causal association between LDLC and ischemic 
stroke while such evidence is lacking for HDLC and triglycer-
ides. Statins have consistently shown benefits in terms of car-
diovascular risk reduction including stroke.2,35 However, there 
is insufficient evidence from HDLC and triglyceride-targeted 
trials concerning if elevation of HDLC or lowering of triglycer-
ides decreases the risk of ischemic stroke. In a meta-analysis of 
clinical trials, none of 3 HDLC raising agents reduced ischemic 
stroke risk in patients treated with statins, which could poten-
tially be related to off-target effects by these drugs.5

Clinical trials have previously shown that statins, and more 
recently PCSK9 inhibitors, provide comparable risk reduction 
in both ischemic stroke and CAD.2,36 Attributable to a lifelong 
genetic exposure to lower LDLC, MR studies have demon-
strated higher risk reduction in CAD compared with RCTs 
(≈70% versus ≈25% per 1 mmol/L lower LDLC).2,6,36 Given 
the comparable effects of LDL lowering drugs in RCTs, one 

would expect MR studies with LDLC to provide a similar 
magnitude of risk increase for ischemic stroke as earlier shown 
for CAD. However, our study indicated only a 12% increased 
risk of ischemic stroke and 28% increased risk of large artery 
atherosclerosis stroke with 1 mmol/L higher LDLC. Although 
the MR-Egger estimates provided larger estimates (22% and 
40%, respectively), they remained below the expected effect 
of lifelong exposure to elevated LDLC. One explanation for 
lower estimates could lie in the pathophysiological heteroge-
neity of ischemic stroke. In addition, it may be partially attrib-
uted to differences in the characteristics of the stroke cases in 
RCTs compared with those in our study or other MR studies. 
It is likely that lipid-lowering RCTs are enriched for lipid-
related cardiovascular disease and that the incident stroke 
cases may carry more of a large artery atherosclerosis pheno-
type, that is, patients with higher risk by LDLC in our study 
compared with any ischemic stroke. Finally, prolonged expo-
sure to elevated LDLC could have different consequences in 
stroke versus CAD.

As discussed above, our results suggest that genetic con-
tribution of LDLC-related mechanisms in large artery stroke 
may be of lower magnitude compared with CAD despite 
sharing an atherosclerotic pathogenic origin. In fact, a recent 
study reported that a PCSK9 loss-of-function variant was 
not associated with ischemic nor large artery atherosclerosis 
stroke.37 Similarly, no association between lower LDLC by 
the PCSK9 variants and ischemic stroke or large artery ath-
erosclerosis stroke was observed in our study. In addition, our 

Figure 3. Association of triglycerides with ischemic stroke and subtypes using different Mendelian randomization (MR) analyses. Odds 
ratio (OR) of ischemic stroke per 1-SD increase in each lipid trait. Conventional MR estimates were derived from 2-sample MR that forces 
the intercept of the slope line to zero and does not account for pleiotropy. Multivariable MR adjusts for other lipid traits and MR-Egger 
adjusts for unbalanced pleiotropy. *Multivariable MR analysis using summary estimates of 343 single nucleotide polymorphisms that 
adjust for lipid traits, body mass index (BMI), waist hip ratio adjusted for BMI, fasting plasma glucose, and fasting plasma insulin. CI indi-
cates confidence interval.D
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study indicated a weaker effect of LDLC lowering through 
HMGCR and NPC1L1 variants on ischemic stroke (OR: 
0.70 and 0.61 per 1 mmol/L lower LDLC) compared with 
previously reported effect by the same instruments on CAD 
(OR: ≈0.50 per 1 mmol/L lower LDLC).8 In line with these 
observations, previous GWAS studies have indicated enrich-
ment of lipid pathways in CAD but not in ischemic stroke 
pathogenesis.37,38

Our study does not provide support for a causal relation-
ship between LDLC and small artery occlusion or cardioem-
bolic stroke. However, it is important to remember that our 
results cannot exclude a weaker causal association. We were 
80% powered to detect a minimum OR of 1.2 for both of these 
outcomes, and lack of evidence in these MR analyses could 
be a consequence of insufficient statistical power. In contrast, 
the lower risk of ischemic stroke by HMGCR-mediated lower 
LDLC in our study appeared to be solely mediated through 
its effect on small artery occlusion. This is in contrast to the 
J-STARS trial that found a lower risk of large artery athero-
sclerosis but not small artery occlusion or cardioembolic 
stroke among individuals in the pravastatin arm of the trial.4 
However, both the HMGCR instrument and the J-STARS trial 
were underpowered to detect associations with stroke sub-
types, and therefore these results should not be taken as con-
clusive evidence. Finally, our study indicated a larger effect 
of NPC1L1-mediated lower LDLC on ischemic, large artery 
atherosclerosis, and small artery occlusion, which is in line 
with reported larger risk reduction of ischemic stroke (21%) 
compared with myocardial infarction (13%) by ezetimibe in 
the IMPROVE-IT trial (Improved Reduction of Outcomes: 
Vytorin Efficacy International Trial).39

The relationship between HDLC and ischemic stroke 
seems to be less clear as compared with LDLC in our 
study. Estimates from conventional and multivariable MR 
indicated nominal evidence for a weak inverse association, 
which vanished in the MR-Egger analysis. However, the 
MR-Egger intercept was not significant, and the MR-Egger 
analysis is less powerful compared with the inverse-vari-
ance–weighted methods.12 A recent Framingham study 
investigated the role of 47 HDLC SNPs in ischemic stroke 
and reported no association. However, that study included 
301 ischemic stroke cases compared with 16 851 in the 
present study.40 Evidence from previous MR studies does 
not support a causal role between HDLC and CAD,6,41 
which is also consistent with our results of no associa-
tion between genetically elevated HDLC and large artery 
atherosclerosis stroke. However, our study suggests an 
inverse association between HDLC and small artery occlu-
sion stroke supported by both conventional and multivari-
able MR analyses but not by the less-powered MR-Egger. 
In addition, CETP-mediated higher HDLC provided some 
evidence for lower risk of small artery occlusion stroke. 
This needs to be further investigated in future MR stud-
ies with larger numbers and MRI-confirmed cases of small 
artery occlusion stroke. The putative role of HDLC in small 
artery occlusion or lacunar strokes has been reported in few 
previous studies. Higher serum HDLC has previously been 
found to associate with higher cerebral vasculature CO

2
 

reactivity that reflects the function of smaller intracerebral 

arteries.42 There is also some evidence that HDLC may 
affect endothelial dysfunction or brain soluble amyloid 
levels, which are probable pathogenic mechanisms in small 
artery occlusion stroke.43–45

Our study does not support a causal role of triglycerides 
in ischemic stroke. This in contrast to recent MR studies 
that support a direct causal role between triglycerides and 
CAD.6,7,46 Indeed, these results provide further support for 
a differential role of lipids in stroke and CAD, as discussed 
above. Our results are in line with those from clinical trials 
that have not been able to provide evidence that triglyceride 
lowering would affect stroke risk. In addition, our study does 
not show any direct causal relationship between triglycerides 
and large artery atherosclerosis stroke even though it shares 
common pathogenic mechanisms with CAD.

The main advantages of our study include the large num-
ber of ischemic stroke cases and the availability of data on 
ischemic stroke subtypes. In addition, we have used the most 
up-to-date summary-level genetic data on lipids and other 
cardiometabolic traits. Finally, we have used several meth-
ods to correct for a possible pleiotropic bias (multivariable 
MR, MR-Egger, Steiger filtering, and exclusion of pleiotro-
pic SNPs). However, our study still has several limitations. 
Although the number of ischemic stroke cases was rela-
tively large, the numbers of ischemic stroke subtypes were 
still relatively low, and therefore lack of evidence in some 
of our MR analyses could be a consequence of insufficient 
statistical power. However, most estimates were consistent 
using different MR approaches, which indicates that the 
observed associations are not likely to be by chance observa-
tions. Finally, we cannot rule out bias because of population 
stratification. However, all the SNP trait and SNP disease 
estimates were obtained from predominantly studies of 
European ancestry, which indicates that the cases, controls, 
and lipid measurements were obtained from comparable or 
similar populations.

Our results suggest that elevated LDLC levels increase the 
risk for ischemic stroke, indicating that further LDLC reduc-
tion is likely to result in further risk reduction in ischemic 
stroke. Our study further suggests that the LDLC-lowering 
effect may be of particular importance for risk reduction of 
large artery atherosclerosis stroke. However, elevated triglyc-
erides do not increase the risk for ischemic stroke or any of its 
subtypes, indicating that future triglyceride-targeted therapies 
may not lead to beneficial effects in terms of decreasing the 
risk of ischemic stroke although they will likely lead to benefi-
cial coronary effects.46 Finally, our results provide some evi-
dence of lower small artery occlusion stroke risk by elevated 
HDLC, but this needs to be confirmed by adequately powered 
future studies.
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