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Abstract

Objective @ CME Course
To examine the association between lipid levels and hemorrhagic stroke risk among women. NPub.org/cmelist
Methods

We performed a prospective cohort study among 27,937 women enrolled in the Women’s
Health Study with measured total cholesterol, low-density lipoprotein cholesterol (LDL-C),
and high-density lipoprotein cholesterol (HDL-C), as well as triglycerides. Strokes were
confirmed by medical record review. We used Cox proportional hazards models to analyze
associations between lipid categories and hemorrhagic stroke risk.

Results

During a mean of 19.3 years of follow-up, 137 hemorrhagic strokes occurred. Compared to
those with LDL-C levels 100-129.9 mg/dL, after multivariable adjustment, those with LDL-C
levels <70 mg/dL had 2.17 times the risk (95% confidence interval [CI] 1.05, 4.48) of expe-
riencing a hemorrhagic stroke. No significant increase in risk was seen for those with LDL-C
levels 130-159.9 mg/dL (relative risk [RR] 1.14; 95% CI 0.72, 1.80) or 70-99.9 mg/dL (RR
1.25; 95% CI 0.76, 2.04). There was a suggestion, although not significant, of increased risk for
those with LDL-C levels >160 mg/dL (RR 1.53; 95% CI 0.92, 2.52). Women in the lowest
quartile of triglycerides had a significantly increased risk of hemorrhagic stroke compared to
women in the top quartile after multivariable adjustment (RR 2.00; 95% CI 1.18, 3.39). We
observed no significant associations between total cholesterol or HDL-C levels and hemor-
rhagic stroke risk.

Conclusion
LDL-C levels <70 mg/dL and low triglyceride levels were associated with increased risk of
hemorrhagic stroke among women.
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Glossary

CI = confidence interval; HDL-C = high-density lipoprotein cholesterol; ICH = intracerebral hemorrhage; IVH =
intraventricular hemorrhage; LDL-C = low-density lipoprotein cholesterol; PMH = postmenopausal hormone; RR = relative
risk; SAH = subarachnoid hemorrhage; WHS = Women’s Health Study.

Do lipid levels increase risk of hemorrhagic stroke among women?

Hypercholesterolemia is a risk factor
for ischemic stroke.

However, total cholesterol and LDL-C
levels may be inversely associated with
the risk of hemorrhagic stroke.

As burden of stroke is higher
in women, its essential to
understand risk factors for
stroke among women.
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Hypercholesterolemia is a risk factor for ischemic stroke.”
However, a meta-analysis observed that total and low-density
lipoprotein cholesterol (LDL-C) levels are inversely associ-
ated with the risk of hemorrhagic stroke, while no association
was seen for high-density lipoprotein cholesterol (HDL-C).?
In addition, a meta-analysis of statin trials observed that
a 1 mmol/L (or 38.67 mg/dL) reduction in LDL-C was as-
sociated with a 15% increased risk of hemorrhagic stroke.*
Results of other studies have also suggested that low tri-
glyceride levels may increase hemorrhagic stroke risk.>”” Be-
cause lipid-lowering strategies are widely used for prevention
of cardiovascular disease, there is interest in whether low lipid
levels, particularly total cholesterol, LDL-C, and triglycerides,
increase risk of hemorrhagic stroke.

Although prior studies have observed increased risk of hem-
orrhagic stroke with low lipid levels, several important ques-
tions remain. Most studies did not present sex-stratified results
due to low numbers of events among women. Since the burden
of stroke is considered to be higher in women than men,? it is
particularly important to understand risk factors for stroke
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Study question
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Very low LDL-C and triglyceride levels are associated with
increased risk of hemorrhagic stroke among women.
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among women. In addition, most studies have not explored
whether the association with lipid levels varies by hemorrhagic
stroke subtype. Finally, most prior studies had limited numbers
of individuals with elevated lipid levels and did not specifically
compare hemorrhagic stroke risk among those with elevated
lipid levels to those with optimal or near optimal lipid levels.

We evaluated the association between lipid levels (total
cholesterol, LDL-C, triglycerides, and HDL-C) and risk of
hemorrhagic stroke in a large prospective cohort of women.

Methods

The design and main findings of the Women’s Health Study
(WHS) have been described in detail previously.”'° In brief,
the WHS was a randomized, double-blind, placebo-controlled
trial of low-dose aspirin and vitamin E for the primary pre-
vention of cardiovascular disease and cancer among 39,876
US female health professionals aged 45 years or older. The
trial ended in March 2004, but observational follow-up of
willing participants is ongoing.
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Twice in the first year and yearly thereafter, women were
asked to complete a questionnaire assessing disease end-
points, including stroke.

Biomarker measurements

Prior to randomization, women who agreed to provide a
fasting venous blood sample were mailed a blood collection
kit containing EDTA tubes. A core laboratory certified by the
National Heart, Lung and Blood Institute/Centers for Dis-
ease Control and Prevention Lipid Standardization program
measured levels of total cholesterol, HDL-C, LDL-C, and
triglycerides in the plasma samples.""

Outcome ascertainment

Participants who reported a stroke on the annual follow-up
questionnaires were asked for permission to review their med-
ical records. An Endpoints Committee of physicians, including
a board-certified vascular neurologist, reviewed the records to
confirm events. A nonfatal stroke was defined as a focal

neurologic deficit of sudden or rapid onset and vascular
mechanism that lasted > 24 hours. In the event of a fatal stroke,
all available sources, including death certificates and hospital
records, were used to confirm the event. The committee
recorded the date of each stroke event and also classified con-
firmed events into ischemic, hemorrhagic, and unknown types.
Hemorrhagic strokes were further classified into intracerebral
hemorrhage (ICH), subarachnoid hemorrhage (SAH), or in-
traventricular hemorrhage (IVH). Interobserver agreement for
the 3 stroke subtypes is very high (kappa = 0.94)."> We counted

only confirmed first hemorrhagic strokes for our analyses.

Statistical analysis

Of the 28,345 blood samples we received, 27,937 samples
could be analyzed for levels of LDL-C, HDL-C, total cho-
lesterol, and triglycerides. We created categories for LDL-C,
HDL-C, and total cholesterol according to Adult Treatment
Panel III guidelines.">'* Triglycerides were categorized into
quartiles by fasting status. We used Cox proportional hazards

Table 1 Baseline characteristics of study participants by low-density lipoprotein category

<70 mg/dL 270-99.9 mg/dL 2100-129.9 mg/dL 2130-159.9 mg/dL >160 mg/dL
(n=1,069) (n=5,739) (n =10,067) (n=7,187) (n =3,875)
Age, y, mean (SD) 53.2 (6.6) 53.2 (6.4) 54.4 (7.0) 55.6 (7.3) 56.5(7.3)
Current smoker, % 10.8 9.3 10.6 13.1 14.6
Alcohol consumption, g/d, %
0 38.2 40.9 441 45.5 48.6
0.1-4.9 29.8 32.2 32.8 324 311
5.0+ 3241 26.9 23.1 22.1 20.3
History of hypertension, % 21.3 204 243 28.3 29.9
Cholesterol-lowering medication use, % 2.4 1.5 2.8 4.2 5.1
History of diabetes, % 3.2 1.9 23 2.6 3.2
Body mass index, kg/m?, %
Underweight 23 1.5 0.9 0.7 0.7
Normal weight 60.7 58.8 51.5 46.1 40.6
Overweight 24.0 24.7 30.4 334 37.4
Obese 13.0 15.0 17.2 19.7 211
Exercise, MET hours/wk, mean (SD) 17.1(21.6) 15.7(19.7) 14.1(17.8) 13.4(17.9) 13.0(16.9)
Postmenopausal and hormone therapy status, %
Premenopausal 34.0 34.8 293 235 17.6
Postmenopausal, no PMH use 35.5 333 32.7 29.8 27.7
Postmenopausal, use PMH 11.6 12.8 19.6 28.8 37.8
Dubious 18.9 18.9 18.2 17.7 16.9
Randomized assignment to aspirin, % 50.1 49.8 49.7 50.6 50.2
Randomized assignment to vitamin E, % 491 50.4 50.0 50.1 49.7
Abbreviations: MET = metabolic equivalent; PMH = postmenopausal hormone.
Numbers may not add to 100% due to missing data.
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models to calculate the hazard ratio, a measure of the relative
risk (RR), and 95% confidence intervals (CI) of incident
hemorrhagic stroke events. Individuals contributed person-
time from study entry until first stroke event, loss to follow-
up, or end of study, whichever occurred first. We tested the
proportional hazards assumption by including an interaction
term between the log transformation time and lipid categories
and found no significant violation.

We calculated age- and multivariable-adjusted RRs for the as-
sociation between lipids levels and hemorrhagic stroke. Our
multivariable model adjusted for covariates potentially leading
to confounding based on prior literature including age; smoking
status (current vs past/ never); menopausal status and use
(premenopausal, postmenopausal and no PMH use, post-
menopausal and use PMH, uncertain menopausal status); body
mass index (underweight [<18.5 kg/ m*], normal weight
[18.5-<24.9 kg/ m?), overweight [25-29.9 kg/ m?], obese [>30
kg/mz]); alcohol consumption (none, 0.1-4.9 g/d, >S5 g/d);
history of diabetes (yes/no); history of hypertension (yes/no);
treatment with cholesterol-lowering medication (yes/no);
physical activity (quartiles); and randomized treatment assign-
ment. Fewer than 100 participants were missing information on
any covariate and those with missing information were imputed
to the most common category.

We also assessed the association between LDL-C, HDL-C,
total cholesterol, and triglycerides and hemorrhagic stroke
subtypes, specifically ICH and SAH. We performed sensitivity
analyses in which we excluded hemorrhagic strokes due to
a procedure or that occurred while the participant was re-
ceiving anticoagulants. We also performed additional analyses
in which we restricted our study to those women who did not
report taking cholesterol-lowering medications at baseline.

Finally, we performed an analysis in which we categorized
non-HDL-C into quartiles and examined the association be-
tween non-HDL-C and risk of hemorrhagic stroke.

Data availability statement

The dataset analyzed in this study is not publicly available
because of restricted access but further information about the
dataset is available from the corresponding author on rea-
sonable request.

Standard protocol approvals, registrations,
and patient consents

All participants provided written informed consent and the in-
stitutional review board of Brigham and Women’s Hospital ap-
proved the WHS (registered at clinicaltrials.gov NCT00000479).

Results

Table 1 displays the baseline characteristics of the study
participants by LDL-C category. Those in the lowest LDL-C
category (<70 mg/dL) were younger, less likely to have
a history of hypertension, and to use cholesterol-lowering
medications, and more likely to consume alcohol, be normal
weight, be physically active, and to be premenopausal than
those with cholesterol levels of 100-129.9 mg/dL (referent).
Those in the highest LDL-C category (>160 mg/dL) were
older, more likely to smoke, to use cholesterol-lowering
medications and postmenopausal hormones, to have a history
of hypertension or diabetes, and to be obese, and less likely to
consume alcohol or be physically active than those with
cholesterol levels of 100-129.9 mg/dL.

During a mean of 19.3 years of follow-up, 137 incident
hemorrhagic stroke events were confirmed (85 ICH, 43 SAH,

Table 2 Associations between low-density lipoprotein cholesterol categories and risk of total hemorrhagic stroke,
intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH)

<70 mg/dL 270-99.9 mg/dL 2100-129.9 mg/dL 2130-159.9 mg/dL 2160 mg/dL
(n =1,069) (n=5,739) (n =10,067) (n=7,187) (n =3,875)
Hemorrhagic stroke, n 9 27 40 35 26
Age-adjusted RR (95% Cl) 2.30(1.12,4.75) 1.26 (0.77, 2.06) Ref 1.16 (0.74, 1.83) 1.54 (0.94, 2.53)
Multivariable-adjusted® RR (95% Cl) 2.17(1.05, 4.48) 1.25(0.76, 2.04) Ref 1.14 (0.72, 1.80) 1.53(0.92, 2.52)
ICH, n 6 13 26 20 20
Age-adjusted RR (95% Cl) 2.45(1.01, 5.95) 0.96 (0.49, 1.87) Ref 1.00 (0.56, 1.79) 1.76 (0.98, 3.16)
Multivariable-adjusted® RR (95% Cl) 2.32(0.95, 5.65) 0.95 (0.49, 1.86) Ref 0.96 (0.54, 1.74) 1.71(0.95, 3.09)
SAH, n 3 12 13 12 3
Age-adjusted RR (95% Cl) 2.21(0.63,7.76) 1.63(0.74, 3.57) Ref 1.30(0.59, 2.85) 0.60(0.17,2.12)
Multivariable-adjusted® RR (95% CI) 2.21(0.62, 7.88) 1.73(0.77,3.87) Ref 1.40(0.63, 3.13) 0.66 (0.18, 2.35)

Abbreviations: CI = confidence interval; RR = relative risk.
@ Adjusted for age, smoking status, menopausal status, postmenopausal hormone use, body mass index, alcohol consumption, history of diabetes, history of
hypertension, treatment with cholesterol-lowering medication, physical activity, and randomized treatment assignments.

b Underweight and normal weight body mass index categories combined.
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Figure Multivariate adjusted associations between low-density lipoprotein cholesterol (LDL-C) categories and risk of total
hemorrhagic stroke, intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH)
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3 IVH, 3 combination ICH/SAH, and 3 hemorrhagic strokes
due to a procedure).

There was a U-shaped relationship between LDL-C and hem-
orrhagic stroke risk (table 2 and figure). After multivariable ad-
justment, compared to those with LDL-C levels 100-129.9 mg/
dL, those with LDL-C level <70 mg/dL had 2.17 times the risk
(95% CI 1.0S, 4.48) of experiencing a hemorrhagic stroke. There
was a suggestion of elevated risk among those with LDL-C level
>160 mg/dL (RR 1.53; 95% CI 0.92, 2.52), but this increase was
not statistically significant. Those with LDL-C levels 70-99.9

mg/dL or with LDL-C levels 130-159.9 mg/dL did not have
a significantly increased risk of hemorrhagic stroke (RR 1.25;
95% CI10.76,2.04 and RR 1.14; 95% CI 0.72, 1.80, respectively).

Results for the ICH subtype were similar to those seen for
total hemorrhagic stroke with the highest risks of events oc-
curring among those with LDL-C <70 mg/dL followed by
those with LDL-C >160 mg/dL (table 2). For SAH, the
highest risk was observed for those with LDL-C <70 mg/dL
(RR 2.21; 95% CI 0.62, 7.88) but this increase in risk was not
statistically significant.

Table 3 Associations between triglyceride quartiles® and risk of total hemorrhagic stroke, intracerebral hemorrhage

(ICH), and subarachnoid hemorrhage (SAH)

Quartile 1 (n =5,714) Quartile 2 (n = 6,797) Quartile 3 (n =7,437) Quartile 4 (n =7,989)

Hemorrhagic stroke, n 34 37 37 29
Age-adjusted RR (95% Cl) 1.88 (1.14, 3.10) 1.57 (0.97, 2.56) 1.38 (0.85, 2.25) Ref
Multivariable-adjusted® RR (95% CI) 2.00(1.18, 3.39) 1.65(0.99, 2.73) 1.42(0.87, 2.32) Ref

ICH, n 21 19 23 22
Age-adjusted RR (95% Cl) 1.62 (0.89, 2.96) 1.09 (0.59, 2.01) 1.14 (0.63, 2.04) Ref
Multivariable-adjusted® RR (95% Cl) 1.78 (0.94, 3.36) 1.15(0.61, 2.17) 1.17(0.65, 2.11) Ref

SAH, n 12 14 12 5
Age-adjusted RR (95% CI) 3.35(1.17,9.58) 3.24(1.17,9.01) 2.55(0.90, 7.24) Ref
Multivariable-adjusted® RR (95% Cl) 3.28(1.09, 9.88) 3.22(1.12,9.25) 2.32(0.80, 6.74) Ref

Abbreviations: Cl = confidence interval; RR = relative risk.

@ For those with fasting triglycerides, quartiles are defined as <74 mg/dL, >74-106 mg/dL, >106-156 mg/dL, and >156 mg/dL. For those with nonfasting
triglycerides, quartiles are defined as <85 mg/dL, >85-124 mg/dL, >124-188 mg/dL, and >188 mg/dL.

® Adjusted for age, smoking status, menopausal status, postmenopausal hormone use, body mass index, alcohol consumption, history of diabetes, history of
hypertension, treatment with cholesterol-lowering medication, physical activity, and randomized treatment assignments.

¢ Underweight and normal weight body mass index categories are combined.
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Table 4 Associations between high-density lipoprotein categories and risk of total hemorrhagic stroke, intracerebral
hemorrhage (ICH), and subarachnoid hemorrhage (SAH)

<40 mg/dL (n = 4,837)

240-59.9 mg/dL (n = 14,779) 260 mg/dL (n = 8,321)

Total number of hemorrhagic stroke events 25 61 51
Age-adjusted RR (95% CI) 1.30(0.82, 2.07) Ref 1.41 (0.98, 2.05)
Multivariable-adjusted® RR (95% Cl) 1.24(0.77, 2.01) Ref 1.34(0.91, 1.98)

Number of ICH events 16 39 30
Age-adjusted RR (95% Cl) 1.31(0.73, 2.34) Ref 1.28(0.80, 2.07)
Multivariable-adjusted® RR (95% Cl) 1.24 (0.68, 2.27) Ref 1.21 (0.74, 2.00)

Number of SAH events 8 18 17
Age-adjusted RR (95% Cl) 1.40(0.61, 3.22) Ref 1.66 (0.85, 3.21)
Multivariable-adjusted® RR (95% CI) 1.59 (0.67, 3.78) Ref 1.61(0.80, 3.23)

Abbreviations: Cl = confidence interval; RR = relative risk.

@ Adjusted for age, smoking status, menopausal status, postmenopausal hormone use, body mass index, alcohol consumption, history of diabetes, history of
hypertension, treatment with cholesterol-lowering medication, physical activity, and randomized treatment assignments.

® Underweight and normal weight body mass index categories are combined.

Those with LDL-C > 160 mg/dL did not have an increased
risk of SAH (RR 0.66; 95% C10.18, 2.35). The low number of
SAH events in this cohort resulted in unstable estimates of the
association between LDL-C levels and the risk of SAH.

Women in the lowest quartile of triglycerides (<74 mg/dL for
fasting and <85 mg/dL for nonfasting) had a significantly
increased risk of hemorrhagic stroke compared to those in the
top quartile after multivariable adjustment (RR 2.00; 95% CI
1.18, 3.39) (table 3). Other quartiles were not associated with
significant increases in risk. When examining hemorrhagic
stroke subtypes, low triglyceride levels were associated with

a significant risk of SAH but not with a significantly increased
risk of ICH.

Finally, we constructed a model including both LDL-C cat-
egories (<70, 70-99.9, 100-129.9, 130-159.9, >160 mg/dL)
and triglyceride quartiles. Those in the lowest triglyceride
quartile had an increased risk of hemorrhagic stroke (RR
2.14; 95% CI 1.24, 3.70) compared to those in the highest
quartile after controlling for LDL-C. In addition, those with
LDL-C <70 mg/dL (RR 2.04; 95% C1 0.98, 4.23) and those
with LDL-C >160 mg/dL (RR 1.75; 95% CI 1.05, 2.92) had
an increased risk of hemorrhagic stroke compared to those

Table 5 Associations between total cholesterol categories and risk of total hemorrhagic stroke, intracerebral
hemorrhage (ICH), and subarachnoid hemorrhage (SAH)

<200 mg/dL (n = 11,325)

>200-239.9 mg/dL (n = 10,467) 2240 mg/dL (n = 6,145)

Total number of hemorrhagic stroke events 51 50 36
Age-adjusted RR (95% Cl) 1.06 (0.71, 1.57) Ref 1.17 (0.76, 1.80)
Multivariable-adjusted® RR (95% ClI) 1.09(0.73, 1.61) Ref 1.16 (0.76, 1.79)

Number of ICH events 29 30 26
Age-adjusted RR (95% Cl) 1.05 (0.63, 1.75) Ref 1.38(0.82, 2.33)
Multivariable-adjusted® RR (95% ClI) 1.10 (0.66, 1.84) Ref 1.36 (0.81, 2.31)

Number of SAH events 20 15 8
Age-adjusted RR (95% CI) 1.24 (0.63, 2.44) Ref 0.91(0.39, 2.15)
Multivariable-adjusted® RR (95% CI) 1.34(0.67, 2.69) Ref 0.97 (0.41, 2.33)

Abbreviations: Cl = confidence interval; RR = relative risk.

@ Adjusted for age, smoking status, menopausal status, postmenopausal hormone use, body mass index, alcohol consumption, history of diabetes, history of
hypertension, treatment with cholesterol lowering medication, physical activity, and randomized treatment assighments.
b Underweight and normal weight body mass index categories are combined.
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with LDL-C 100-129.9 mg/dL after controlling for
triglycerides.

We observed similar associations for all analyses after ex-
cluding hemorrhagic stroke cases due to an infarct or pro-
cedure (n = 3) and after excluding cases on anticoagulant
treatment (warfarin, heparin) at the time of the event (n =17)
(results not shown). Our analyses restricted to women who
were not on cholesterol-lowering medications at baseline (n =
27,044) showed similar results as our main analyses although
the increased risk among those with LDL-C <70 mg/dL was
no longer statistically significant. We observed no significant
associations between non-HDL-C quartiles and risk of hem-
orrhagic stroke (results not shown).

We observed no significant associations between HDL-C or
total cholesterol and risk of hemorrhagic stroke (tables 4 and
S). After multivariate adjustment, compared to those with
HDL-C levels 40-59.9 mg/dL, those with <40 mg/dL had
1.24 times the risk (95% CI 0.77, 2.01) and those with >60
mg/dL had 1.34 times the risk (95% CI 0.91, 1.98) of hem-
orrhagic stroke. After multivariate adjustment, compared to
those with total cholesterol levels 200-239.9 mg/dL, those
with <200 mg/dL had 1.09 times the risk (95% CI 0.73, 1.61)
and those with >240 mg/dL had 1.16 times the risk (95% CI
0.76, 1.79) of hemorrhagic stroke.

Discussion

In this large prospective cohort of middle-aged to elderly
women, we found increased risk of hemorrhagic stroke
among those with LDL-C <70 mg/dL and a potential increase
in risk among those with LDL-C >160 mg/dL. We also ob-
served an increased risk of hemorrhagic stroke, specifically
SAH, among those with low triglyceride levels. We did not
observe associations between total cholesterol or HDL-C and
risk of hemorrhagic stroke. Few prior studies have examined
the association between LDL-C levels and the risk of hem-
orrhagic stroke and the populations enrolled in each study
have varied. Two studies enrolled elderly men and women
and observed no association between LDL-C levels and the
risk of ICH.*” Another study of 116 ICH events among US
men and women enrolled in the Atherosclerosis Risk in
Communities Study and the Cardiovascular Health Study
observed that those in the top quartile of LDL-C levels
(>158.8 mg/dL) had a lower risk of hemorrhagic stroke (RR
0.52; 95% CI 0.31, 0.88) compared to those in the bottom 3
quartiles (<159 mg/dL).” Two other studies were performed
in Japanese populations where hemorrhagic strokes are
a larger proportion of the total stroke burden. One study
observed no significant association between LDL-C levels and
risk of hemorrhagic stroke (80 events),"> and the other ob-
served that those with higher levels of LDL-C (>80 mg/dL)
had a significantly decreased risk of death due to intra-
parenchymal hemorrhage (264 deaths) compared to those
with low levels of LDL-C (<80 mg/dL).lé

Neurology | Volume 92, Number 19 | May 7, 2019

In contrast to some of the prior studies, our study enrolled
only women who were primarily white, making this the one of
the largest studies of lipid levels and hemorrhagic stroke risk
among women to date. Similar to some studies, we observed
an increased risk of hemorrhagic stroke among those with low
triglyceride levels and among those with very low levels of
LDL-C (<70 mg/dL). The mechanisms by which low tri-
glyceride and LDL-C levels increase risk of hemorrhagic
stroke are not fully known but it is thought that low choles-
terol may result in arterial medial layer smooth muscle cell
necrosis'” and that the impaired endothelium may be more
susceptible to microaneursyms,” which are often found in
ICH patients."® Our results also suggest that there may be an
increased risk of hemorrhagic stroke among those with sub-
stantially elevated LDL-C (>160 mg/dL) compared to those
with LDL-C levels from 100 to 129.9 mg/dL although this
increase in risk was not statistically significant. Some prior
studies had lower distributions of LDL-C levels than our
study, preventing them being able to examine risk of hem-
orrhagic stroke among those with substantially elevated
LDL-C. The low number of cases among those with elevated
LDL-C levels in prior studies may have also limited their
ability to detect an increased risk of hemorrhagic stroke. In
addition, most studies used the lowest quartile of LDL-C
levels as their reference group and did not specifically com-
pare those participants with substantially elevated LDL-C
levels to those participants with LDL-C levels between 100
and 129.9 mg/dL. Concordant with our findings, a recent
Mendelian randomization analysis suggested that elevated
LDL-C levels may be associated with an increased risk of
ICH." Other studies have suggested links between arterial
stiffness”® or carotid atherosclerosis®' and the risk of cerebral
microbleeds, a potential risk factor for ICH.** It is possible
that elevated LDL-C levels may increase the risk of hemor-
rhagic stroke through their atherosclerotic effects.

Three prospective studies have observed a decreased risk of
hemorrhagic stroke with increasing levels of triglycerides.””’
One of these studies also suggested that the association be-
tween triglyceride levels and hemorrhagic stroke may be
stronger in men.” One nested case-control study observed
a higher risk of ICH among those with elevated triglyceride
levels but this study only observed 27 events in women.”’

Similar to a previous meta-analysis,> we observed no associa-
tion between HDL-C levels and the risk of hemorrhagic stroke.
Although we observed no association between total cholesterol
levels and the risk of hemorrhagic stroke, a recent meta-analysis
observed that women in the highest category of total choles-
terol may have a decreased risk of hemorrhagic stroke com-
pared to women in the lowest category.3 However, many of the
individual studies did not find significant associations.”**” A
study among middle-aged Finnish women observed a signifi-
cant inverse association between total cholesterol and risk of
ICH but not SAH.”® One study among Japanese women ob-
served an increased risk of death due to hemorrhagic stroke
among those with total cholesterol levels <4.14 mmol/L.*
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The association between low LDL-C or triglyceride levels and
an increased risk of hemorrhagic stroke seen in some studies
led to concern that statins may increase the risk of hemor-
rhagic stroke events. Two large meta-analyses, one only of
randomized controlled trials®® and one of both trials and
observational studies,® concluded that there was no associ-
ation between statin use and the risk of ICH. In addition, risk
of ICH was not associated with achieved LDL-C or reduction
in LDL-C, suggesting that any effect of statins on ICH risk
may be due to mechanisms independent of their cholesterol-
lowering effects; for example, their antithrombotic proper-
ties.”> Another meta-analysis using individual patient-level
data from statin trials observed a nonsignificant 15% increase
in the risk of hemorrhagic stroke, but emphasized that any
potential increase in risk of hemorrhagic stroke would be
outweighed by the reduction in ischemic stroke and other
cardiovascular events, even among individuals at low risk of
cardiovascular disease.”® The differences between the statin
trials and observational studies such as the one presented here
may be due to the different questions the studies address.
Statin trials are typically only a few years in duration and
examine the effect of a pharmaceutical agent that lowers
cholesterol on hemorrhagic stroke risk. In contrast, our ob-
servational study may reflect the effect of longer-term exposure
to very low LDL-C levels (in the absence of cholesterol-
lowering treatment) on vessel wall integrity.

Strengths of this study include the prospective design and the
large number of participants. Although hemorrhagic strokes
are much less common than ischemic strokes, 137 hemor-
rhagic strokes occurred in this large cohort, making it one of
the larger studies to date on lipid levels and the risk of hem-
orrhagic stroke. However, some important limitations should
be noted. We had limited power for our hemorrhagic stroke
subtype analyses. The low number of women who were
premenopausal at baseline also prevented us from exploring
whether factors like menopausal status may modify the as-
sociation between lipid levels and risk of hemorrhagic stroke.
Lipid levels were only measured at baseline and we were
unable to explore how changes in lipid levels over time may
modify the risk of hemorrhagic stroke, and rates of usage of
statin medications were low (<5%) in this cohort at baseline.
Our results may be specific to women, and the cohort was
predominantly white. Finally, there is the potential for re-
sidual confounding, especially for the analyses where we only
adjusted for age due to low numbers of cases.

We observed an association between very low LDL-C levels
and low triglycerides levels and an increased risk of hemor-
rhagic stroke. Women with very low LDL-C or low trigly-
cerides should be monitored for other modifiable risk factors
for hemorrhagic stroke, for example, hypertension and
smoking, to help reduce their overall risk of experiencing
a hemorrhagic stroke event. Additional targeted research is
needed to determine if our finding of elevated LDL-C levels
(160 mg/dL) being associated with an increased risk of
hemorrhagic stroke can be replicated in other cohorts and to
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provide insights on how to reduce hemorrhagic stroke risk in
these individuals.
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