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BACKGROUND: Significant associations between total nonesterified fatty acid (NEFA) concentrations and incident stroke have
been reported in some prospective cohort studies. We evaluated the associations between incident stroke and serum con-
centrations of nonesterified saturated, monounsaturated, polyunsaturated, and trans fatty acids.

METHODS AND RESULTS: CHS (Cardiovascular Health Study) participants (N=2028) who were free of stroke at baseline (1996-
1997) and had an archived fasting serum sample were included in this study. A total of 35 NEFAs were quantified using gas
chromatography. Cox proportional hazards regression models were used to evaluate associations of 5 subclasses (nonest-
erified saturated, monounsaturated, omega (n)-6 polyunsaturated, n-3 polyunsaturated, and trans fatty acids) of NEFAs and
individual NEFAs with incident stroke. Sensitivity analysis was conducted by excluding cases with hemorrhagic stroke (n=45).
A total of 338 cases of incident stroke occurred during the median 10.5-year follow-up period. Total n-3 (hazard ratio [HR], 0.77
[95% CI, 0.61-0.97]) and n-6 (HR, 1.32 [95% ClI, 1.01-1.73]) subclasses of NEFA were negatively and positively associated with
incident stroke, respectively. Among individual NEFAs, dihomo-y-linolenic acid (20:3n-6) was associated with higher risk (HR,
1.29 [95% Cl, 1.02-1.63]), whereas cis-7-hexadecenoic acid (16:1n-9c¢) and arachidonic acid (20:4n-6) were associated with a
lower risk (HR, 0.67 [95% CI, 0.47-0.97]; HR, 0.81 [95% CI. 0.65-1.00], respectively) of incident stroke per standard deviation
increment. After the exclusion of cases with hemorrhagic stroke, these associations did not remain significant.

CONCLUSIONS: A total of 2 NEFA subclasses and 3 individual NEFAs were associated with incident stroke. Of these, the NEFA
n-3 subclass and dihomo-y-linolenic acid are diet derived and may be potential biomarkers for total stroke risk.
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of death and a common cause of serious long-term

disability in older people." The prevalence of stroke
increases dramatically with age, with 75% of stroke
cases occurring in individuals aged 65 years or older.!
By 2030, almost 4% of US adults are expected to have
experienced a stroke, and the associated costs, com-
pared with 2012, are expected to more than double.?
Given the limited treatment, diminished quality of life
associated in stroke survivors, and the immense finan-
cial burden, the identification of modifiable risk factors
is critical for prevention.

In the United States, stroke is the fifth leading cause

Inflammation has been associated with increased
ischemic stroke risk.® In both healthy individuals and
those with metabolic disorders, circulating total non-
esterified fatty acid (NEFA) concentrations have been
linked to both local and systemic inflammation.*-6
Hence, circulating NEFAs may be an indicator of un-
derlying cardiometabolic stress and an early predic-
tor of cardiovascular disease risk.>® NEFAs have also
been associated with postischemic stroke in both
animal and human studies. In a mouse model, the
proportions of NEFA 20:4n-6, 22:4n-6, 22:5n-6, and
22:6n-3 in plasma were increased significantly after the
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CLINICAL PERSPECTIVE

What Is New?

e This is the first study to profile subclasses and
individual nonesterified fatty acids and evaluate
the relations with incident stroke in older adults.

e Fasting serum nonesterified omega (n)-3 and
n-6 polyunsaturated fatty acids were negatively
and positively associated with incident stroke,
respectively.

e Fasting serum nonesterified cis-7-hexadecenoic
and dihomo-y-linolenic acids were associated
with lower and higher risks of total stroke, re-
spectively, although these associations did not
remain significant after exclusion of cases with
hemorrhagic stroke.

What Are the Clinical Implications?

e Serum nonesterified fatty acid n-3 subclass and
dihomo-y-linolenic acid may be potential bio-
markers for total stroke risk in older adults.

Nonstandard Abbreviations and Acronyms

CHS Cardiovascular Health Study
DGLA dihomo-y-linolenic acid
DHA docosahexaenoic acid
NEFA  nonesterified fatty acid

SFA saturated fatty acid

onset of ischemic stroke.” Because this change was
similar to that in the brain, plasma NEFA profiles might
serve as an early indicator of the need for thrombolytic
treatment.” In patients with atrial fibrillation, higher con-
centrations of total NEFAs have been proposed as a po-
tential predictor for the onset of acute ischemic stroke.®
Plausible mechanistic underpinnings for associations
among NEFAs, inflammation, and incident stroke in-
clude promoting thrombus formation via modulation
of fibrinolysis and coagulation,® and serving as sub-
strates for anti-inflammation and pro-inflammation.®°
Potential mechanism for associations between hem-
orrhagic stroke and elevated NEFA concentrations in-
clude previous stroke, cerebral bleeding, aneurysms
and arteriovenous malformations, and hypertension or
history of hypertension. These data suggest an indirect
relation between NEFA and hemorrhagic stroke.!'?
Data from cross-sectional and prospective studies
show a significant positive relation between plasma
total NEFA concentrations and the risk factors for
stroke development, including hypertension,'?'3 obe-
sity,”* diabetes, insulin resistance,'*'> and recurrent
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embolic stroke.’® No significant association was re-
ported between plasma total NEFA concentrations and
stroke or cardiac arrest.'”'® However, whether sub-
classes or individual NEFAs are potential biomarkers
for incident stroke remain unclear. Given the functional
and structural diversity among circulating NEFAs and
their metabolic products, focus should be shifted
from total to subclasses or individual NEFAs. Support
for this approach comes from the data that fasting
NEFA, released from adipose tissue, may reflect the
fatty acid (FA) composition of long-term habitual diet'®
and data from observational studies that individual
plasma phospholipid FAs have differential associations
with ischemic stroke. Specifically, phospholipid trans
FAs,?0 total saturated FAs (SFAs), and palmitoleic acid
were positively associated,?’ whereas 2 very long—
chain omega (n)-3 polyunsaturated FAs (n-3 PUFAs)—
docosahexaenoic acid (DHA) and docosapentaenoic
acid—were negatively associated with incident isch-
emic stroke.??

The objective of this study was to assess the re-
lation between subclasses of NEFAs and individual
serum NEFAs with risk of stroke. We hypothesized that
fasting serum NEFAs, particularly n-6 and n-3 PUFAs,
either as a subclass or individually, would be inversely
associated, whereas SFAs and trans FAs would be
positively associated with incident stroke.

METHODS

Data Disclosure Statement

The data that support the findings of this study are
available from the CHS (Cardiovascular Health Study)
Coordinating Center upon approval of a signed data
distribution agreement.

Study Population and Design

The CHS is a population-based, longitudinal study of
coronary heart disease and stroke in US adults aged
65 years and older.?® Briefly, from 1989 to 1990, a total
of 5201 Medicare-eligible residents were recruited
from 4 US communities (Allegheny County, PA; Forsyth
County, NC; Sacramento County, CA; Washington
County, MD). In 1992 to 1993, using similar recruitment
methods, 687 predominantly Black participants were
recruited from the same field centers with the excep-
tion of Washington County, MD. Participants attended
clinic exams at baseline and annually through 1999. Of
the 4413 participants who attended the 1996 to 1997
visit, NEFA measurements were conducted on fasting
serum specimens from 2145 participants who had un-
thawed fasting and 2-hour oral glucose tolerance test
blood specimens available. After excluding specimens
that were oxidized or hemolyzed (n=5), NEFA meas-
urements were available for 2140 participants. Among
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these included participants, 111 were excluded be-
cause of prevalent stroke, resulting in a final sample size
of 2029 for the current analysis. The institutional review
committee of each participating center approved the
study, and all participants provided informed written
consent. Separate approval to use de-identified sam-
ples and data for the current analysis was obtained
under exemption category 4, from the Tufts University/
Tufts Medical Center Institutional Review Board.

NEFA Determinations
All samples used for NEFA analysis were stored at
—80 °C and never thawed before the NEFA deter-
minations. Lipids were extracted from serum using
a modified Folch method?-?¢ after addition of an
internal standard (heptadecanoic acid). The serum
NEFA fraction was isolated using solid-phase chro-
matography (aminopropy! columns), saponified, and
methylated, and the resulting FA methyl esters were
quantified using an Autosystem XL gas chromato-
graph (Perkin Elmer, Boston, MA) equipped with
a 100x0.25 mm capillary column (HP INNOWQAX,
Agilent Technologies, Wilmington, DE). A total of 35
individual FAs were identified by comparison with au-
thenticated standards (NuCheck Prep, Elysian, MN).
In addition, the following 5 NEFA subclasses were
calculated: total SFA, total monounsaturated FA (cis),
total n-3 PUFA, total n-6 PUFA, and total trans FA.
The intra-assay and interassay coefficients of varia-
tion were 0.5% to 4.3% for FAs present at >25 pymol/L,
1.8% to 7.1% for FAs present at proportions between 5
and 25 pmol/L, and 2.8% to 11.1% for FAs present at
proportions <5 umol/L.

Ascertainment of Stroke

Incident stroke (fatal and nonfatal) is 1 of the primary
outcomes of the CHS. Surveillance for cardiovascular
events, including stroke, occurred during annual clinic
visits and intervening 6-month telephone contacts
through 1999 and thereafter by twice yearly telephone
contacts through the present. At each 6-month con-
tact, participants were asked to report new cardiovas-
cular events and hospitalizations. Medicare data were
used to identify unreported cardiovascular events. Of
the participants, <3% were lost to follow-up for event
ascertainment. All interview data, medical records,
imaging studies, death certificates, and next-of-kin
reports of the cases of incident stroke were reviewed
and adjudicated by an event committee.?” Stroke type
was classified as ischemic or hemorrhagic. Stroke in
participants with incomplete findings or >2 causes of
stroke were classified as unknown. Because of the
small numbers of hemorrhagic (n=45) and unknown
(n=22) stroke, we combined the 3 types of stroke for
statistical analyses.
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Other Covariates

At enroliment, participants reported age, sex, race, and
educational attainment. All other participant character-
istics reported here were collected at the 1996 to 1997
visit, which serves as baseline for the current analysis.
Smoking status (never, former, current), alcohol intake
(none, 1-6 drinks/week, 1-2 drinks/day, >2 drinks/day),
regular aspirin use (>2 times/week), and health sta-
tus were assessed by questionnaire. Serum albumin
was measured using a standardized method. Weight,
height, waist circumference, C-reactive protein, and
total serum concentration cholesterol were measured
using standardized methodology. Physical activity was
assessed using the Minnesota Leisure-Time Activities
questionnaire and quantified as metabolic equivalents
per week. Renal function was assessed based on
cystatin C for estimate glomerular filtration rate (mL/
min per 1.73 m?). Diabetes was defined as fasting
glucose >7 mmol/L (126 mg/dL), nonfasting glucose
>11.1 mmol/L (200 mg/dL), or use of oral hypoglycemic
medications or insulin. Hypertension was defined as
systolic blood pressure >140 mm Hg, diastolic blood
pressure >90 mm Hg, or treatment with blood pres-
sure lowering medications plus reported physician di-
agnosis of hypertension.

Statistical Analysis
To characterize the study population at the analysis
baseline, we calculated means and SDs for continuous
measures and proportions for categorical measures.
We estimated correlations among NEFA species using
Pearson correlation coefficients and represent them
visually with a heatmap. The associations of NEFA
subclasses and individual NEFAs (umol/L) with risk
of incident stroke were assessed by Cox proportional
hazards regression. Time at risk was calculated as the
time from the date of the 1996 to 1997 study visit to
the earliest date of incident stroke, date of death, date
of loss to follow-up, or date of administrative censoring
(June, 2015). We used generalized additive models to
test for departures from linearity for the association of
each individual NEFA with incident stroke. A total of 2
individual NEFAs, 24:0 and 18:4n-3, showed evidence
of nonlinearity, but when modeled using a cubic spline
function, neither was significantly associated with inci-
dent stroke (likelihood ratio test P values of 0.83 and
0.32, respectively). Therefore, for simplicity, we elected
to model all NEFAs linearly. Hazard ratio (HR) estimates
are expressed per 1 SD increment in NEFAs to facili-
tate comparisons. The proportional hazards assump-
tion was tested using Schoenfeld residuals, and no
evidence of nonproportionality was found.

We also conducted a principal component analysis,
retaining components with eigenvalues >1 and then fit-
ting Cox models with these components.
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Multivariable analyses were adjusted for covari-
ates as follows: model 1—age (continuous), sex, race
(White and Black participants), field center, and other
NEFAs (NEFA subclasses or all 35 NEFAs); model 2—
all the covariates in model 1 plus education, smoking,
physical activity (continuous), serum albumin (contin-
uous), alcohol intake (0, 1-6, 7-14, >14 drinks/week),
estimated glomerular filtration rate (eGFR; continuous),
body mass index (kg/m?; continuous), regular aspirin
use >2 times/week, and waist circumference (contin-
uous); model 3—all of the covariates in model 2 plus
hypertension, prevalent diabetes, and total serum
cholesterol concentration (continuous). A sensitiv-
ity analysis was conducted by excluding cases with
hemorrhagic stroke (n=45). Because model 3 included
additional covariates that may be confounders in the
association between individual NEFAs and stroke, we
present estimates from both models 2 and 3 through-
out. In addition, exploratory analyses were performed
to assess whether insulin resistance was a confounder
in the observed associations by comparing a model
with and without homeostatic model assessment of
insulin resistance.

To address multicollinearity among NEFAs, we cal-
culated the variance inflation factor for each NEFA and
ratios of standard errors of coefficients before and after
mutual adjustment. Because 3 low-frequency NEFAs
not significantly associated with stroke had variance in-
flation factors >10, we repeated our analyses excluding
these species by reducing the mean variance inflation
factor from 7.4 10 5.9.

Analyses were conducted using Stata (version 14.2;
College Station, TX). Statistical significance was de-
fined as 2-tailed a<0.05.

RESULTS

Characteristics of Study Participants

The mean+SD age of the participants was
77.8+4.5 years, and the body mass index was
26.7+4.4 kg/m? (Table 1). Of the participants, 39.0%
were men, 13.7% were Black participants, 14.4%
had diabetes, and 59.7% had hypertension. During a
median follow-up period of 10.5 years, a total of 338
cases of incident stroke occurred, of which 80% were
ischemic stroke, 13.3% were hemorrhagic stroke, and
6.5% were unknown type of stroke. All subsequent re-
sults are reported for total stroke.

The most abundant serum individual NEFAs
(umol/L) in the CHS participants were oleic acid
(150+63.0), palmitic acid (124+44.5), linoleic acid
(78.8+32.6), and stearic acid (60.1£17.1), contributing
to 83.6% of total serum NEFAs at the baseline mea-
surement (Table S1).
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Table 1. Baseline Characteristics of Cardiovascular
Health Study Participants Free of Stroke at Baseline Visit in
1996 to 1997 (n=2029)

Characteristics Participants
Age, y 77.8+4.5
Male sex, % 39.0
Black participants, % 187
Cardiovascular health study clinic, %

California 28.5

Maryland 20.3

North Carolina 23.4

Pennsylvania 27.8
Educational attainment, %

<High school 20.8

High school 29.0

>High school 50.2
Smoking status, %

Never smoked 441

Former smoker 48.7

Current smoker 7.2
Alcoholic drinks/wk, %

0 55.4

1-6 30.4

7-14 8.4

>14 5.8
Self-reported health, %

Excellent 6.0

Very good 28.2

Good 47.4

Fair 17.5

Poor 0.9
Physical activity, Kcal/wk 844 (280-1770)
Prevalent diabetes, % 5.9
Diabetes, % 14.4
Hypertension, % 59.7
Total cholesterol, mg/dL 203+38.6
Aspirin use >2 d in 2 wk, % 39.5
Albumin, g/dL 3.8+0.3
Body mass index, kg/m? 26.7+4.4
Waist circumference, cm 96.3+12.7
eGFR, 72.0+18.8
C-reactive protein, mg/dL 2.3 (1.0-4.8)

Values are presented as mean+SD or median (interquartile range) for
continuous variables and percent for categorical variables. eGFR_, . indicates
cystatin C for estimate glomerular filtration rate.

cys

Associations of Serum NEFAs and Risk of
Incident Stroke

Table 2 and Table S2 provide the results for 5 NEFA
subclasses and 35 individual NEFAs, respectively.
Table 3 highlights the key findings from Table S2. In
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Table 2. Prospective Association of Serum NEFA Subclasses With Incident Stroke in the Cardiovascular Health Study
Cohort in 1996 to 1997

Model 1* Model 2f Model 3*

Subclasses of

NEFA, umol/L HR (95% ClI) P value HR (95% CI) P value HR (95% CI) P value
SFA 1.06 (0.86-1.31) 0.58 1.12 (0.91-1.39) 0.28 1.10 (0.88-1.37) 0.40
MUFA 1.10 (0.84-1.45) 0.48 1.09 (0.83-1.44) 0.53 1.10 (0.83-1.46) 0.51
n-6 PUFA 1.32 (1.01-1.72) 0.04 1.32 (1.01-1.73) 0.04 1.31 (1.00-1.72) 0.05
n-3 PUFA 0.73 (0.58-0.91) 0.01 0.77 (0.61-0.97) 0.02 0.76 (0.60-0.95) 0.02
Total trans FA 0.90 (0.76-1.07) 0.23 0.85 (0.71-1.01) 0.07 0.87 (0.72-1.04) 0.12

HR estimates are given per 1 SD increment in NEFA subclass. FA indicates fatty acid; HR, hazard ratio; MUFA, monounsaturated fatty acid; n-3 PUFA,
omega-3 polyunsaturated fatty acid; n-6 PUFA, omega-6 polyunsaturated fatty acid; NEFA, nonesterified fatty acid; and SFA, saturated fatty acid.

*Model 1 adjusted for age, sex, race, field center, and all other NEFA subclasses.

Model 2 adjusted for model 1 covariates plus smoking status, education, physical activity, serum albumin, alcohol consumption, cystatin C for estimate
glomerular filtration rate, body mass index, aspirin use, and waist circumference.

*Model 3 adjusted for model 2 covariates plus hypertension, prevalent diabetes, and total serum cholesterol concentration.

NEFA subclasses analysis, NEFA n-6 subclass was
positively associated with incident stroke risk (Table 2;
model 2: HR, 1.32 [95% ClI, 1.01-1.73]; P=0.04; model
3: HR, 1.31 [95% CI, 1.00-1.72]; P=0.05), whereas
NEFA n-3 subclass was negatively associated with
incident stroke (model 2: HR, 0.77 [95% CI, 0.61-
0.97]; P=0.02; model 3: HR, 0.76 [95% ClI, 0.60-0.95];
P=0.02). No significant associations were identified for
SFA, monounsaturated FA, or trans FA subclasses.

In the individual NEFA analysis, 3 of the individual
NEFAs were identified as significantly associated with
incident stroke per SD increment in models 2 and 3
(Table 3). In model 2, dihomo-y-linolenic acid (DGLA)
was positively associated with incident stroke risk
(20:3n-6; HR, 1.29 [95% ClI, 1.02-1.63]; P=0.04). Cis-7-
hexadecenoic acid (16:1n-9¢; HR, 0.67 [95% Cl, 0.47-
0.97]; P=0.03) and arachidonic acid (20:4n-6; HR, 0.81
[95% CI, 0.65-1.00]; P=0.05) were negatively associ-
ated with incident stroke risk. In model 3, arachidic acid
(20:0; HR, 1.21 [95% ClI, 1.01-1.44]; P=0.04) and DGLA

(HR, 1.28 [95% CI, 1.01-1.62]; P=0.04) were positively
associated with incident stroke risk. Cis-7-hexadecenoic
acid (16:1n-9c; HR, 0.68 [95% ClI, 0.47-0.98]; P=0.04)
was negatively associated with incident stroke risk.
In the sensitivity analysis that excluded hemorrhagic
strokes, HR estimates were similar, but none were sta-
tistically significant (Table S3). Results excluding 3 low-
frequency NEFAs with potential multicollinearity did not
meaningfully change our results (Table S4).

In an exploratory analysis, there was no evidence
that insulin resistance mediated the associations be-
tween NEFA subclasses/individual NEFAs and incident
stroke (Tables S5 and S6).

Associations of Individual NEFAs and
Incident Stroke on the Basis of Principal
Component Analysis

All 35 individual NEFAs were included in the principal
component analysis and assessed by Cox regression

Table 3. Selected Associations of Serum Individual NEFAs With Incident Stroke in the Cardiovascular Health Study in 1996

to 1997
Model 1* Model 2F Model 3*

NEFAs, pmol/L HR (95% CI) ‘ P value HR (95% CI) ‘ P value HR (95% CI) ‘ P value
SFA

Arachidic acid, 20:0 ‘ 1.17 (0.98-1.40) ‘ 0.09 ‘ 1.18 (0.99-1.41) ‘ 0.07 ‘ 1.21 (1.01-1.44) ‘ 0.04
MUFA

cis-7-hexadecenoic acid, 16:1 n-9¢ ‘ 0.71 (0.50-1.02) ‘ 0.06 ‘ 0.67 (0.47-0.97) ‘ 0.038 ‘ 0.68 (0.47-0.98) ‘ 0.04
n-6 PUFA

Dihomo-y-linolenic acid, 20:3 n-6 1.28 (1.01-1.61) 0.04 1.29 (1.02-1.63) 0.04 1.28 (1.01-1.62) 0.04

Arachidonic acid, 20:4 n-6 0.82 (0.66-1.01) 0.06 0.81 (0.65-1.00) 0.05 0.83 (0.67-1.02) 0.08

HR estimates are given per 1 SD increment in NEFAs. HR indicates hazard ratio; MUFA, monounsaturated fatty acid; n-6 PUFA, omega-6 polyunsaturated

fatty acid; NEFA, nonesterified fatty acid; and SFA, saturated fatty acid.
*Model 1 adjusted for age, sex, race, field center, and all other NEFAs.

Model 2 adjusted for model 1 covariates plus smoking status, education, physical activity, serum albumin, alcohol consumption, cystatin C for estimate

glomerular filtration rate, body mass index, aspirin use, and waist circumference.

Model 3 adjusted for model 2 covariates plus hypertension, prevalent diabetes, and total serum cholesterol concentration.
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model for the association with incident stroke. Among
the 7 derived principal components with eigenvalues
>1, principal component 4 was positively associated
with incident stroke (HR, 110 [95% ClI, 1.01-1.20];
P=0.025) in model 2 (Table S7). Principal component
4 comprised SFAs, DHA, and linelaidic acid (18:2 1).
DHA (22:6n-3) was negatively associated and 8 other
NEFAs (14:0, 15:0, 18:0, 20:0, 22:0, 14:1n-5, 22:1n-9,
and 18:2 1) were positively associated with incident
stroke (Table S8). Additional variables in model 3 did
not mediate these associations.

DISCUSSION

To our knowledge, this is the first study to profile sub-
classes and individual NEFAs and assess their relations
with incident stroke in a community-based prospec-
tive study among older adults. Overall, the findings in-
dicated a positive association between total n-6 NEFA
and incident stroke and a negative association for total
n-3 NEFA. We also observed modest positive associa-
tions of dihomo-y-linolenic (20:3n-6) and arachidic acids
(20:0) and an inverse association of cis-7-hexadecenoic
acid (16:1n-9¢) with incident stroke. Although the con-
centrations of these individual NEFAs were at low abun-
dance in serum and their associations were modest,
the physiological effects may be of clinical importance.

In our cohort of older adults, an inverse association
was observed between total nonesterified n-3 PUFA
and incident total stroke, although no significant asso-
ciations were observed with individual n-3 NEFAs. In
addition, DHA was lower in the single principal compo-
nent significantly associated with a higher risk of stroke.
There is marked heterogeneity among the available
data for the relation between circulating n-3 PUFA and
incident stroke, particularity when assessed on the
basis of sex, different n-3 FA lipid fractions, and stroke
type.?02128-31 Although on the basis of a prior report
we might have expected some individual nonesterified
n-3 PUFAs to have significantly beneficial effects, our
results suggested benefit only at the subclass level;
differences in FA units and multivariable models might
explain the differences for individual NEFAs with other
studies.® With regard to the benefit of n-3 PUFAs,
higher concentrations of fasting nonesterified n-3
PUFA concentrations may reflect participants’ habit-
ual diets.'® The majority of fasting serum NEFAs enter
circulation from adipose tissues as a result of triacyl-
glycerol hydrolysis. The turnover rate of FAs in adipose
tissue has been estimated to range from 1 to 2 years.33
The observed benefit of nonesterified n-3 PUFAs may
be mediated through a combination of effects, in-
cluding lower plasma triacylglycerol concentrations,3*
platelet aggregation,3® oxidative stress, inflammation,3®
and endothelial dysfunction.®*
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A positive association was observed between non-
esterified n-6 PUFAs and incident total stroke, albeit
a negative association for arachidonic acid. Recent
studies reported that phospholipid total n-6 PUFA
concentration was negatively associated with incident
stroke.?%3837 Higher levels of linoleic acid in phos-
pholipid and cholesteryl ester were associated with
lower stroke risk, but no significant association was
observed with arachidonic acid. These data are not
consistent with the findings in this study, presumably
reflecting the different FA pools assessed. Arachidonic
acid is synthesized from linoleic acid. Given the differ-
ences in physiological characteristics and functions
of fasting NEFA, n-6 NEFA subclass may be linked
to inflammation,®* a crucial step in the development
of stroke, through the eicosanoid pathway. In addi-
tion, the units in which the FAs are reported is crucial.
Absolute concentrations of FA, mmol/L, might result
in higher intersubject variability than mole percent and
therefore introduce a wider range of data for a single
NEFA.% Thus, the source and reporting unit of FA likely
influence interpretation of the data.

A positive association was observed between
nonesterified DGLA and incident total stroke. This
observation is in contrast to prior work that identified
no significant association between incident stroke or
stroke subtype with DGLA (20:3n-6) when assessed in
the total serum, phospholipid, or cholesteryl ester frac-
tions.?":38 DGLA is a precursor of arachidonic acid and
is present at low abundance. It can be synthesized en-
dogenously from dietary linoleic acid, an essential FA,
by a series of enzymatic reactions involving desatura-
tion (6-6 desaturase) and elongation (FA elongase 5).
In the Atherosclerosis Risk in Communities Study, the
indexes for elongase (18:0/16:0) and 6-6 desaturase
(18:3n-6/18:2n-6 for CE; 20:3n-6/18:2n-6 for phospho-
lipid) were not associated with incident ischemic stroke
risk.?!

In this cohort of older adults, an inverse associa-
tion between nonesterified cis-7-hexadecenoic acid
(16:1n-9¢) and incident stroke was observed. Cis-7-
hexadecenoic acid, which is mainly synthesized en-
dogenously through B-oxidation of oleic acid (18:1n-9),
is a minor FA presented at low abundance in both foods
and the human body. A potential mechanism for this as-
sociation may be in part through its anti-inflammatory
effect. Exposing human monocytes to oxidized low-
density lipoprotein resulted in lipid droplets enriched
in cis-7-hexadecenoic acid. Cis-7-hexadecenoic acid
has been reported to reduce anti-inflammatory gene
expression in human monocytes.®® Mice intraperito-
neally injected with cis-7-hexadecenoic acid had lower
interleukin-6 MRNA expression in peritoneal cells and
serum concentrations than those injected with DHA
(22:6n-3).%° Our findings, together with prior evidence,
suggest further work should investigate the potential
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for cis-7-hexadecenoic acid to serve as a biomarker for
incident stroke risk.

Serum nonesterified arachidic acid (20:0) was as-
sociated with an elevated risk of incident total stroke.
Arachidic acid is found naturally as a minor very long—
chain SFA in peanut oil, corn oil, and cocoa butter and
in trace amounts in other dietary fats.“° It can be syn-
thesized endogenously via de novo lipogenesis. Very
long—chain SFAs, particularly plasma phospholipid
arachidic acid, has been associated with lower risk of
coronary heart disease, heart failure, and cardiovascu-
lar disease risk factors.*#? To date, these data are lim-
ited, and the significance of the observation requires
further assessment.

An NEFA pattern (principal component 4) charac-
terized by SFAs, DHA and linelaidic acid was positively
associated with incident stroke. Although no prior
data are available for the relations between NEFAs
pattern and incident stroke, the group of NEFAs pre-
sented in principal component 4 represented both de
novo lipogenesis and dietary intake, suggesting mul-
tiple NEFAs may function together to influence stroke
risk.

Of note, our primary analyses focus on total stroke,
which is of greatest clinical import. In sensitivity anal-
yses, our findings were generally similar in magnitude
but not significant for the subset of ischemic strokes.
The loss of statistical significance is likely attributable
to reduced statistical power as a result of fewer events.
Another possibility is the presence of cerebral amyloid
angiopathy—associated hemorrhagic stroke. Given that
NEFA is highly associated with dementia*® and that ce-
rebral amyloid angiopathy increases the risks for de-
mentia and hemorrhagic stroke,** it is reasonable to
speculate that NEFA may play a role in a hemorrhagic
stroke case with cerebral amyloid angiopathy. Studies
specifically assessing the relation of NEFAs in hemor-
rhagic stroke are warranted.

Strengths of this study include the rigorous as-
certainment of stroke and the availability of extensive
data on cardiometabolic risk factors, lifestyle, and
demographics collected using standardized meth-
ods. In addition, coefficients of variation for individ-
ual NEFAs in this study were low, particularly when
some NEFAs were present at low concentrations. A
limitation was insufficient statistical power to allow for
analysis on the basis of stroke type. Measures of the
individual serum NEFAs were only available at 1 time
point, hence no comment can be made about the po-
tential impact of longitudinal changes on stroke risk.
We included all NEFAs simultaneously in our statistical
analyses to minimize the number of separate models
fit, but as with any study that examines multiple FAs,
we cannot exclude the possibility of chance findings,
especially for those associations that were of modest
significance.
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CONCLUSIONS

In this cohort of older adults, the nonesterified total n-3
PUFAs, n-6 PUFAs, and DGLA, derived for the most
part from diet, were associated with risk of total stroke,
suggesting the influence of dietary fat quality and po-
tential use as biomarkers for total stroke risk.
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Table S1. Mean and standard deviation (S.D.) and median (interquartile range, IQR) for
individual non-esterified fatty acids in the Cardiovascular Health Study participants,

1996-1997

NEFA, pmol/L

Mean = SD (Range)

Median (IQR)

SFA
Lauric acid, 12:0
Myristic acid, 14:0
Pentadecylic acid, 15:0
Palmitic acid, 16:0
Stearic acid, 18:0
Arachidic acid, 20:0
Behenic acid, 22:0
Lignoceric acid, 24:0
MUFA
Myristoleic acid, 14:1n-5
cis-7-hexadecenoic acid, 16:1n-9
Palmitoleic acid, 16:1n-7
Oleic acid, 18:1n-9
cis-Vaccenic acid, 18:1n-7
Gondoic acid, 20:1n-9
Erucic acid, 22:1n-9
Nervonic acid, 24:1n-9
n-6 PUFA

Linoleic acid, 18:2n-6

199 + 62.7 (57.4-652)
2.69 +2.79 (0.03-34.3)
8.97 + 4.04 (1.13-41.5)
1.61 +0.53 (0.51-6.55)
124 + 44.5 (26.2-498)
60.1+ 17.1 (13.4-183.8)
0.72 +0.37 (0.18-5.01)
0.43 +0.18 (0.11-2.76)
0.67 + 0.63 (0.09-24.2)
183 +79.5 (26.2-577)
0.87 + 0.64 (0.05-5.00)
2.00 + 0.86 (0.45-6.18)
16.1 + 11.2 (1.18-99.5)
150.2 + 63.0 (21.6-471)
11.4 +5.51 (1.92-45.5)
1.03 + 0.48 (0.15-4.33)
0.38 + 0.21 (0.04-3.21)
0.35+0.18 (0.06-4.41)
87.7 + 35.1 (16.0-265)

78.8 +32.6 (13.0-247)

191 (155-235)
2.06 (1.38-3.09)
8.17 (6.14-11.0)
1.53 (1.24-1.88)
118 (93.1-149)
58.1 (48.4-69.0)
0.62 (0.51-0.81)
0.39 (0.33-0.48)
0.61 (0.50-0.74)
171 (125-229)
0.69 (0.43-1.14)
1.85 (1.37-2.45)
13.7 (8.64-21.4)
142 (104-188)
10.3 (7.42-14.4)
0.94 (0.69-1.28)
0.33 (0.24-0.44)
0.33 (0.27-0.39)
82.0 (62.0-109)

73.5 (55.2-98.3)




y-Linolenic acid, 18:3n-6
Dihomolinoleic acid, 20:2n-6
Dihomo-y-Linolenic acid, 20:3n-6
Arachidonic acid, 20:4n-6
Adrenic acid, 22:4n-6
Docosapentaenoic acid, 22:5n-6

n-3 PUFA
Alpha Linolenic acid (ALA), 18:3n-3
Stearidonic acid (SDA), 18:4n-3
Eicosapentaenoic acid (EPA), 20:5n-3
Docosapentaenoic acid (DPA), 22:5n-3
Docosahexaenoic acid (DHA), 22:6n-3

trans Fat

trans-T-hexadecenoic acid, 16:1n-9¢
Palmitelaidic acid, 16:1n-7¢
Sum of 18:1n-10-12¢ isomers”
Elaidic acid, 18:1n-9
trans-Vaccenic acid, 18:1n-7¢
Linelaidic acid, 18:2¢

Conjugated linoleic acid, 18:2CLA

0.56 + 0.31 (0.07-3.02)
0.90 + 0.44 (0.11-6.38)
0.96 + 0.70 (0.15-7.97)
5.35+2.96 (1.14-26.5)
0.71 + 0.51 (0.09-6.99)
0.38 +£0.21 (0.06-2.31)
11.6 +4.63 (2.71-38.3)
5.76 +2.91 (0.68-22.8)
2.14 + 1.07 (0.17-8.41)
0.37 + 0.30 (0.00-2.94)
0.85 + 0.44 (0.12-3.86)
2.44 +1.51 (0.40-12.5)
13.0 + 5.59 (0.82-45.7)
0.89 + 0.48 (0.11-4.19)
0.86 + 0.35 (0.13-3.14)
0.71 + 0.37 (0.03-3.57)
6.51 + 2.94 (0.20-23.0)
2.72 £ 1.21 (0.12-8.72)
0.23 +0.19 (0.01-2.61)

1.05+£0.75 (0.07-6.34)

0.49 (0.34-0.71)
0.82 (0.60-1.11)
0.79 (0.57-1.12)
4.68 (3.53-6.28)
0.60 (0.42-0.86)
0.33 (0.25-0.45)
10.7 (8.26-14.1)
5.19 (3.67-7.22)
1.93 (1.40-2.63)
0.29 (0.19-0.45)
0.77 (0.54-1.05)
2.05 (1.49-2.91)
12.2 (3.83-16.2)
0.80 (0.54-1.11)
0.81 (0.61-1.06)
0.64 (0.45-0.87)
6.09 (4.35-8.15)
2.53 (1.87-3.40)
0.18 (0.10-0.30)

0.84 (0.49-1.40)

Values are presented as mean + SD (Range) and median (interquartile range). “18:1n-10-12¢,
sum of 18:1n-10, n-11, and n-12 trans isomers; 718:2¢, sum of all 18:2 trans isomers.



Table S2. Prospective association of serum individual non-esterified fatty acid (NEFA) with

incident stroke in the Cardiovascular Health Study cohort, 1996-1997

NEFA, Mod.el 1 Mod.el 27 Mod.el 3!
umol/L Hazard ratio P-value Hazard ratio P-value Hazard ratio P-value
(95% CI) (95% CI) (95% CI)
SFA
20 st 9% soron P oseron 0%
140 ogiray OB ety 0% gelran O
150 goonmy 1% gamm 00 qoiigy O
160 osirse 8 oooiss O osren O
18:0 (0.606'?17.14) 0.31 (0.££f.12) 0.25 (o.gs'i-;f.l p 0%
20:0 (0.91é}17.40) 0.09 (0.919‘}f.41) 0.07 (1.()1i%11.44) 0.04
22:0 (0.91i(-)f.18) 0.57 (0.914(-)17.21) 0.32 (0.912'(-)320) 0.43
20 ogitie O ossii OF osiiig 07
MUFA
IS 0 Sae O eiaay P oeviae 0%
16:1n-9 (0.506?11.02) 0.06 (0.4?%.97) 0.03 (0.4?’}?3.98) 0.04
6T o 09 ggargy 08 giige) 04
B0 (5N 00 iy 0T gagizg 0T
87 oo 04 oroige O eigy 07
0109 ey 925 ginsg 02 sy 04
2109 oeloy %2 ossam 06 ossiin O
w109 6315 06 goris O (osgiiy O
n-6 PUFA
18:20-6 (0.815.%17.91) 025 (0.81 i%f.&%) 033 (O.E&ld%?.Sl) 039
18:3n-6 (0.91(')(-)?.23) 0.52 (0.916(-)16.25) 0.47 (O.é%lé?f.23) 0.61
20206 0goi0g 05 otz ™ gginan 04




1.28

1.29

1.28

205906 qorey "M @ozreny "™ qorae) ™
20:4n-6 (o.ggim) 0.06 (0.25?11.00) 0.05 (o.gff.oz) 0.08
22:4n°6 (o.z? i?f.09) 042 (O.gi?f.IO) 051 (O.gd?f.IO) 043
2506 oeniny 0P sty O gy 07

n-3 PUFA
8303 eorie %7 emize 7 omaze O
B3 ooltan ™8 geiiay 9% goiizs) 0%
0503 3 09 omiag OO oggia 080
221303 (0.6055??.20) 0.4 (0.6()§?12.24) 0.60 (0.6()§?12.24) 0.60
22:6n-3 (0.701'225 10 O (0.70(')?17.09) 022 (0.605..511.04) 011

trans FA

16:10-9T (0.912'%ig 76 014 (0.91 1.%17.78) 0.16 (0.913'?1l 83 012
16:1n-7T (0.506'?17.06) 0.11 (0.506'?17.07) 0.12 (0.505'?17.07) 0.12
18:1n10-12T5 (0.812.}?.61) 0.42 (0.7@?55) 0.58 (0.717'(-)19.54) 0.62
18:10-9T (0.507'2g o 012 (0.506'?17.07) 0.12 (0.507'?19.09) 0.14
BITT (G 00 ogaizg O enian 06!
18:2T! (0.912'(-)5.15) 0.63 (0.912'(-)?17) 0.54 (0.92%.18) 0.52
BICLA (o geipy 088 ooy 075 gy, 084

Hazard ratio estimates are given per 1-SD increment in NEFA. CI, confidence interval. CLA,
conjugated linoleic acid. "Model 1 adjusted for age, sex, race, field center, and all other NEFAs;
"Model 2 adjusts for model 1 covariates plus smoking status, education, physical activity, serum
albumin, alcohol consumption, cystatin C for estimate glomerular filtration rate, body mass
index, aspirin use, and waist circumference; *Model 3 adjusts for Model 2 covariates plus
hypertension, prevalent diabetes, and total serum cholesterol concentration; $18:1n10-12¢, sum of
18:2n-10, n-11, and n-12 trans isomers; 118:2¢, sum of all 18:2 trans isomers.



Table S3. Prospective association of serum individual non-esterified fatty acid (NEFA) with
incident stroke, excluding hemorrhagic strokes (n=45), in the Cardiovascular Health Study

cohort, 1996-1997

NEFA, Model 1 Model 2f Model 3:
umol/L Hazard ratio P-value Hazard ratio P-value Hazard ratio P-value
(95% CI) (95% CI) (95% CI)
SFA
12:0 (o.z? i?f.09) 0.41 (o.z? ff.lO) 0.44 (o.z? i?f.09) 0.42
140 a7 O oroiae %% eeren O
15:0 (0.712;?.63) 0.51 (0.719.}368) 0.45 (0.81?;%12.79) 0.31
160 ore1s0 0% oriisy 2 ozsigy O
180 071300 OB oizs) 2 oeorzs OO
200 ooy 0% oeiran O @sbies) Ol
20 ogeniy O ootz %% @soran) OO
20 gy O osetigy 9% gy 08
MUFA
IS o6ss 99 gsers % gsonsy O
16:1n-9 (0.504?19.17) 0.25 (0.50 i?f.lz) 0.16 (0.50 1'?16.13) 0.18
6107 e O sitssy OB ossies 0%
18:1n-9 (0.3?5'?%.50) 038 (0.4?5?.77) 0.67 (0.4?5?.79) 0.68
18:In-7 (0.819.?3.63) 0.13 (0.717'%27.41) 028 (0.71?;%29.28) 038
20:1n-5 (0.81(.)};1.64) 047 (0.715'(-)i5 s6) 000 (0.7121(-)i5 57y 008
22109 (0.7()???.04) 0.16 (o.gd?f.os) 032 (o.gd?f.os) 033
w109 06y 0% g O™ oselis O
n-6 PUFA
8206 25000 02 gringe 00 ggiieg 050
8306 003100 %7 geisy 9P oidag 0%




1.05

1.06

1.07

20206 ogg 104y "0 0901260 Y (090-128) 04
20:3n-6 (0.915.%11.62) 0.11 (0.915.%11.61) 0.11 (0.9145?.60) 0.12
20:4n-6 (0.605.?12.04) 0.10 (0.605.?12.04) 0.10 (0.607.??.07) 015
22:4n-6 (0.705309) 0.35 (0.7053.1 p 0 (0.7()??%.10) 0.36
256 o2ty OB grgany 08 ogoii 078

n-3 PUFA
18:3n-3 (0.509?1l 1y 0 (o.gff 21y 04 (0.603;?17.21) 042
8403 oitag OB goersny B @omray 01
0503 076103 T8 gre12e O 7iias 086
2503 000 O omasy % 7z O
22:6n-3 (0.605.?310) 022 (0.606.?16.1 n o 0 (0.605.??.05) 012

trans FA

to:In-9T (0.8125?.79) 022 (0.816.%382) 0.24 (o.zglé%f s 00
16:1n-7T (0.505'?19.13) 0.19 (0.502;?17.1 p 016 (0.502'?16.09) 0.14
18:1n10-12T5 (0.712;?.64) 0.50 (0.712;(-)17.55) 0.74 (0.712;(-)16.55) 0.74
BIIT (SN 02 gspiisy 9B ostile 0%
18:10-7T (0.602.2-%? 20 0 (0.603;??.29) 0.56 (o.gfll 3 062
B2 0ty 9% gaghasy 00 (gobras 018
BICLA  log 02 ggiiag O (gginas) 078

Hazard ratio estimates are given per1-SD increment in NEFA. CI, confidence interval. CLA,
conjugated linoleic acid. "Model 1 adjusted for age, sex, race, field center, and all other NEFAs;
"Model 2 adjusts for model 1 covariates plus smoking status, education, physical activity, serum
albumin, alcohol consumption, cystatin C for estimate glomerular filtration rate, body mass
index, aspirin use, and waist circumference; *Model 3 adjusts for Model 2 covariates plus
hypertension, prevalent diabetes, and total serum cholesterol concentration; $18:1n10-12¢, sum of
18:2n-10, n-11, and n-12 trans isomers; 118:2¢, sum of all 18:2 trans isomers.



Table S4. Multicollinearity assessment using comparison of standard errors of hazard ratio
estimates from individual NEFA models and a single model including all NEFAs (excluding

14:1, 18:1n-7, and 16:1n-7)

NEFA, Individual NEFA models Multiple NEFA model
umol/L SE Hazard ratio” SE Hazard ratio  SE ratiof
(95% CI) (95% CI)
SFA
1220 0.06 0.561.09) 0.07 050106 118
150 0.6 0951 20) 0.15 055157 254
160 0.6 (02 0.17 (1.051.95) 2.83
180 005 0951 20) 0.13 065106 246
200 0.05 (1041 26) 0.09 (1.0143) 1.77
22:0 0.0 (021 0.06 0941 21) 1.39
240 007 0$712) 0.08 0841 14 1.20
MUFA
14:10-5  0.06 0951 16) 0.12 0751 22) 2.00
16109 0.06 0951 20) 0.18 (0.45095) 3.07
18109 0.6 099.1.25) 029 06m192) 4381
20:0n-9  0.06 (Lo 28) 0.16 0841 56) 272
22:1n9  0.05 0901.16) 0.07 085109) 1.26
24:1n-9 005 (0_915'?15_ - 0.06 (0'911'?13_ ) 1.17
n-6 PUFA
18206 0.06 (1001 26) 0.20 077169) 3.40
18306 0.06 091 21) 0.08 0900 24 1.43
20206 0.05 (1.0041.20) 0.08 091126) 1.79
20306 0.05 0917 0.12 (106167 240
20:4n6  0.06 0900 11) 0.11 066101 1.97
22:4n6  0.06 101 0.08 0.95 1.36




(091-1.13) (0.82-1.11)
22:5n-6  0.05 094116) 0.09 081115) 1.67

n-3 PUFA
18303 0.06 0951 20) 0.13 075127, 223
18:4n-3  0.06 091 15) 0.07 0951 24) 1.26
20:503  0.06 0.85.108) 0.11 0761 19) 1.89
22:503  0.06 0891 12) 0.15 0651 24) 2.50
22:6n3  0.06 085107 0.11 O7110) 1.92

trans FA

16:10-9T  0.06 0941 20) 0.17 095150) 279
16:10-7T  0.06 0901 14) 0.17 055106 277
18:1n10-12TF 006 0941 18) 0.17 075:1.56) 2.98
18:10-9T  0.06 0851 11) 0.16 05710 272
18:1n7T 006 0891 12) 0.16 0601 20) 271
182TS 005 0951.16) 0.06 0 17) 115
182CLA  0.06 0961 21) 0.09 081 23) 151

Hazard ratio estimates are given per 1-SD increment in NEFA.; CI, confidence interval. CLA,
conjugated linoleic acid. SE, standard error. *, all models adjust for age, sex, race, field center,
smoking status, education, physical activity, serum albumin, alcohol consumption, cystatin C for
estimate glomerular filtration rate, body mass index, aspirin use, and waist circumference. 'SE
ratio, multiple NEFA model standard error divided by individual NEFA model standard error; %,
18:1n10-12T, sum of 18:2n-10, n-11, and n-12 #rans isomers; 3, 18:2¢, sum of all 18:2 trans
isomers.



Table S5. Exploration of potential mediation by homeostatic model assessment of insulin
resistance (HOMA-IR) in the association of serum non-esterified fatty acid (NEFA) sub-classes
with incident stroke in the Cardiovascular Health Study cohort, 1996-1997

Sub-classes Model 1° Model 27 Model 3¢
of NEFA, Hazard ratio Povalue Hazard ratio Povalue Hazard ratio Povalue
umol/L (95% CI) (95% CI) (95% CI)

132 132 133

n-6 PUFA aoi-172 %% oy %% o1 004
0.73 0.77 0.77

n-3 PUFA 058001 291 61007y %02 1097 093
0.90 0.85 0.85

Towltrans — 9761.0n %2 70n %7 710ny %Y

Hazard ratio estimates are given per 1-SD increment in NEFA sub-class. CI, confidence interval.
*Model 1 adjusted for age, sex, race, field center, and all other NEFA sub-classes; "Model 2
adjusts for model 1 covariates plus smoking status, education, physical activity, serum albumin,
alcohol consumption, cystatin C for estimate glomerular filtration rate, body mass index, aspirin
use, and waist circumference; {Model 3 adjusts for Model 2 covariates plus HOMA-IR.



Table S6. Exploration of potential mediation by homeostatic model assessment of insulin
resistance (HOMA-IR) in the association of selected serum individual non-esterified fatty acid
(NEFA) with incident stroke in the Cardiovascular Health Study cohort, 1996-1997

NEFA, Model 1° Model 27 Model 3¢

umol/L per Hazard ratio Povalue Hazard ratio Povalue Hazard ratio Povalue

SD (95% CI) (95% CI) (95% CI) va

) 1.17 1.18 1.18

20:0 (0.98-1.40) 0.09 (0.99-1.41) 0.07 (0.99-1.42) 0.07
) 0.71 0.67 0.67

16:1n-9 (0.50-1.02) 0.06 (0.47-0.97) 0.03 (0.46-0.96) 0.03
) 1.28 1.29 1.28

20:3n-6 (1.01-1.61) 0.04 (1.02-1.63) 0.04 (1.01-1.62) 0.04
) 0.82 0.81 0.81

20:4n-6 (0.66-1.01) 0.06 (0.65-1.00) 0.05 (0.66-1.01) 0.06

Hazard ratio estimates are given per 1-SD increment in NEFA. CI, confidence interval. "Model 1
adjusted for age, sex, race, field center, and all other NEFAs; "Model 2 adjusts for model 1

covariates plus smoking status, education, physical activity, serum albumin, alcohol
consumption, cystatin C for estimate glomerular filtration rate, body mass index, aspirin use, and
waist circumference; ‘Model 3 adjusts for Model 2 covariates plus HOMA-IR.



Table S7. Principal component analysis of non-esterified fatty acids associated with incident
stroke in the CHS participants

FAs PC? 1 PC2 PC3 PC4 PC5 PC6 PC7

12:0 -0.4817

14:0 0.2084 0.2511

15:0 0.2036 0.2740

16:0 0.2312

18:0 0.2649 0.2152

20:0 0.2571 0.3328 0.3822

22:0 0.2528 0.3296 0.2469

24:0 0.3001 0.8645
14:1n-5 -0.2892 0.2515

16:1n-7 0.2084 -0.2678

16:1n-9 0.2242

18:1n-7 0.2349

18:1n-9 0.2384

20:1n-9 0.2044 0.2493

22:1n-9 0.2380 0.5043

24:1n-9 0.2818 0.5126 -0.2726
18:2n-6 0.2235

18:3n-6

20:2n-6 0.2366

20:3n-6 0.3200

20:4n-6 0.3374

22:4n-6 -0.3572 0.2445
22:5n-6

18:3n-3 0.2033

18:4n-3 -0.2068

20:5n-3 0.3620

22:5n-3 0.2220

22:6n-3 0.3342 -0.2521

16:1n-7¢ 0.2183

16:1n-9¢ -0.2028

18:1n-10-12¢ -0.2168 0.2478

18:1n-7¢ 0.3412

18:1n-9¢ -0.2192 0.2823

18:2¢ 0.2374 -0.5544
18:2-CLA*

Principal component analysis retained 7 components with eigenvalues >1, and the data presented
above were the loadings of the components greater than 0.2. *18:1n-10-12¢, sum of 18:1n-10, n-
11, and n-12 trans isomers; T18:2¢, sum of all 18:2 trans isomers; *CLA, conjugated linoleic acid,;
SPC, principal component.



Table S8. Principal component analysis of all 35 NEFAs with incident stroke in the
Cardiovascular Health Study cohort, 1996-1997

Model 1* Model 2} Model 3!
HR' (95%CI)  P-value HR (95%CI) P-value HR (95%CI) P-value
PC*1 1.01(0.98-1.04) 0.373  1.02(0.99-1.05) 0.142  1.01(0.99-1.05)  0.199
PC2 0.98(0.93-1.04) 0.569 1.01(0.95-1.07) 0.864  0.99(0.94-1.06) 0.943
PC3 1.03(0.96-1.12) 0.414 1.02(0.94-1.10) 0.699  1.03 (0.95-1.12)  0.477
PC4 1.08(0.99-1.18) 0.067 1.10(1.01-1.20) 0.025  1.11(1.02-1.21) 0.019
PCS5 1.06(0.96-1.16) 0.282  1.07(0.97-1.19)  0.161  1.05(0.96-1.16)  0.292
PC6 0.95(0.85-1.06) 0.341  0.96 (0.85-1.07) 0.442  0.95(0.84-1.07)  0.365
PC7 0.87(0.72-1.05) 0.133 092 (0.77-1.10)  0.339  0.90(0.75-1.09)  0.279

Values are hazard ratio (95% confidence interval). “PC, principal component; "HR, hazard ratio;
IModel 1 adjusted for age, sex, race, and field center; YModel 2 adjusts for model 1 covariates
plus smoking status, education, physical activity, serum albumin, alcohol consumption, cystatin
C for estimate glomerular filtration rate, body mass index, aspirin use, and waist circumference;
IModel 3 adjusts for Model 2 covariates plus hypertension, prevalent diabetes, and serum total
cholesterol concentration.



