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Abstract

Background: Lipoprotein-associated phospholipase A, (Lp-PLA,) has been implicated in
development of atherosclerosis; however, recent randomized trials of Lp-PLA, inhibition
reported no beneficial effects on vascular diseases. In East Asians, a loss-of-function vari-
ant in the PLA2G7 gene can be used to assess the effects of genetically determined lower
Lp-PLA,.

Methods: PLA2G7 V279F (rs76863441) was genotyped in 91 428 individuals randomly se-
lected from the China Kadoorie Biobank of 0.5 M participants recruited in 2004-08 from
10 regions of China, with 7 years’ follow-up. Linear regression was used to assess effects
of V279F on baseline traits. Logistic regression was conducted for a range of vascular
and non-vascular diseases, including 41 ICD-10 coded disease categories.

Results: PLA2G7 V279F frequency was 5% overall (range 3-7% by region), and 9691
(11%) participants had at least one loss-of-function variant. V279F was not associated
with baseline blood pressure, adiposity, blood glucose or lung function. V279F was not
associated with major vascular events [7141 events; odds ratio (OR) = 0.98 per F variant,
95% confidence interval (Cl) 0.90-1.06] or other vascular outcomes, including major cor-
onary events (922 events; 0.96, 0.79-1.18) and stroke (5967 events; 1.00, 0.92-1.09).
Individuals with V279F had lower risks of diabetes (7031 events; 0.91, 0.84-0.98) and
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asthma (182 events; 0.53, 0.28-0.98), but there was no association after adjustment for

multiple testing.

Conclusions: Lifelong lower Lp-PLA, activity was not associated with major risks of vas-
cular or non-vascular diseases in Chinese adults. Using functional genetic variants in
large-scale prospective studies with linkage to a range of health outcomes is a valuable
approach to inform drug development and repositioning.
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Key Messages

clinical trials.

¢ Genetically-determined lower Lp-PLA, activity was not associated with lower risks of major vascular diseases in a
large Chinese population, consistent with findings from clinical trials of Lp-PLA,-lowering therapy.

* There was also no association between the PLA2G7 V279F loss-of-function variant and a phenome-wide range of
non-vascular diseases, and several traits including blood pressure, adiposity and lung function.

* Functional genetic variants in large-scale prospective studies with linkage to a wide range of health outcomes can be
used to predict the potential beneficial and harmful effects of novel therapeutic strategies before undertaking costly

Introduction

Lipoprotein-associated phospholipase A, (Lp-PLA,), also
known as platelet-activating factor acetylhydrolase (PAF-
AH), is an enzyme expressed by activated inflammatory
cells in atherosclerotic lesions, and found at high levels in
unstable and ruptured plaques." Lp-PLA, circulates in
plasma bound predominantly to low-density lipoprotein
(LDL) particles.” Although Lp-PLA, produces the pro-
inflammatory mediators lysophosphatidylcholine and
oxidized free fatty acids through hydrolysis of oxidized
phospholipids on LDL, it also has anti-inflammatory activ-
ity through degradation of platelet-activating factor,” and
its biological role in the initiation and progression of ath-
erosclerosis is uncertain.* The Lp-PLA, inhibitor darapla-
dib reduces Lp-PLA, activity by >60%;’ however, two
phase III trials in 28 854 patients with stable coronary
heart disease (CHD) or acute coronary syndrome (ACS),
with about 3 years of treatment, failed to establish a pro-
tective role of darapladib for prevention of further major
vascular disease.®’

Several epidemiological studies in mainly Western
populations have examined the associations of Lp-PLA,
mass and activity with risk of vascular diseases. A meta-
analysis of 79 036 individuals from 32 prospective studies
reported that one standard deviation higher Lp-PLA, activ-
ity was associated with 8-16% higher risk of occlusive vas-
cular disease, after adjusting for conventional risk factors,
with the effect on CHD being similar in magnitude to that

of LDL-cholesterol or systolic blood pressure (SBP).®
However, a study of 19 037 individuals with established
occlusive vascular disease found no association between
Lp-PLA; activity and coronary events after more extensive
adjustment for lipids,” casting doubt on a causal role of
Lp-PLA; in CHD.

Functional genetic variants can be used to assess the
causal role of proteins such as Lp-PLA,, and their potential
value as therapeutic targets, in a manner analogous to a
randomized controlled trial.'® A ¢.835G > T (amino acid
substitution V279F) variant in the PLA2G7 gene encoding
Lp-PLA, inactivates the enzyme, resulting in about 50%
lower Lp-PLA, activity for each copy of the loss-of-
function variant.''""> PLA2G7 V279F is rare in
Europeans'* but relatively common in East Asian popula-
tions, with the frequency ranging from ~5% in Chinese'?
to 17% in Japanese.'” However, previous studies of
PLA2G7 V279F with vascular diseases in East Asians have
produced conflicting findings. Two meta-analyses, each
with about 3600 cases with some overlap, reported no ap-
parent association with CHD risk.'®'” Subsequently, a
study in Koreans reported a 20% lower risk of CHD asso-
ciated with V279F among men (3700 cases) but no effect
in women (1130 cases).'®

Although Lp-PLA, activity might play a role in multiple
biological pathways, studies examining the role of
PLA2G7 V279F in diseases other than CHD, including
other vascular diseases, are limited. We present findings
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from a large-scale study of over 90 000 adults from the
China Kadoorie Biobank (CKB) prospective cohort, with
health record linkage to a range of health outcomes. We
previously reported a summary of the association of
PLA2G7 V279F with vascular diseases in the CKB."” This
study reports in detail the effects of the PLA2G7 V279F
loss-of-function variant on pre-defined major vascular
diseases as hypothesis-testing of the randomized trials of
inhibition of Lp-PLA,, and further examines in a
hypothesis-free approach the associations of PLA2G7
V279F with a phenome-wide range of other disease out-

comes and traits.

Methods

Study population

The CKB design and methods are reported in detail else-
where.”*! Overall, 512 891 adults aged 30-79 years were
enrolled during 2004-08 from 10 rural and urban regions
in China. The baseline survey included a questionnaire on
socio-demographic and lifestyle factors and medical his-
tory. Physical measurements included anthropometry,
blood pressure and lung function. A 10-ml EDTA non-
fasting blood sample was collected for on-site testing for
blood glucose level (SureStep Plus meter) and long-term
storage. Study procedures and staff training were
standardized across regions. Local, national and interna-
tional ethics approvals were obtained and all participants
provided written informed consent for long-term follow-

up through their health records.

PLA2G7 V279F genotyping

DNA was extracted from 800 ul stored buffy coat using a
magnetic bead purification method (KingFisher™ Flex
Magnetic Particle Processors). A 384-SNP array (Illumina®
GoldenGate Genotyping Assay) including rs76863441
(PLA2G7 V279F) was used to genotype 95 680 randomly
selected samples. The genotyping success rate for
rs76863441 was 99.99%. Following quality control, 2483
samples were excluded based on call rate <98% (n =
2215), sex mismatch (7 = 118), potential sample linkage
errors (n = 149) and excess heterozygosity (n = 1). Pair-
wise identity by descent was used to identify first-degree
relatives (kinship > 0.1875) within study regions. Within
the dataset, 22% had at least one first-degree relative, and
1683 individuals were excluded so that family groups were
all equally intra-related (i.e. all first-degree relatedness was
restricted to groups of multiple siblings or of one parent
plus one or more children). Furthermore, individuals out-
side the age range 30-79 years (n = 66) or with missing

genotype data (n = 20) were excluded. After these exclu-
sions, 91 428 individuals were used for all primary analyses
in the current study (eFigure 1, available as Supplementary
data at IJE online.). A subset of 82459 individuals, used
for sensitivity analyses and estimates of allele frequency
and Hardy-Weinberg equilibrium, resulted from further
excluding 8969 individuals, to leave no remaining first-
degree relatedness.

Long-term follow-up

Vital status and incidence of disease events were recorded
using electronic linkage of each participant’s unique national
identification number with established registries for morbid-
ity (stroke, CHD, cancer and diabetes) and mortality in each
locality, and a nationwide health insurance system. Registry
data collected included scanned copies of official death cer-
tificates and original hospital disease reporting cards. Health
insurance reports included detailed information (e.g. disease
description, International Statistical Classification of Diseases
and Related Health Problems 10th Revision [ICD-10] code
and procedure/examination codes) about each hospital ad-
mission (one region also provided some outpatient data).
Events related to major chronic diseases [stroke, CHD, dia-
betes, chronic obstructive pulmonary disease (COPD) and
cancer] were carefully reviewed and standardized. By 1
January 2014, after a median of 7.2 years’ follow-up, 223
634 ICD-10 coded events, including 4585 deaths, were re-
corded among the 91 428 individuals in the present study,
and 411 (0.4%) were lost to follow-up.

Main outcome measures

The pre-specified primary outcome was incident major vas-
cular events (MVE: vascular death, myocardial infarction,
stroke). Secondary vascular outcomes were incident major
coronary events (MCE: CHD death, myocardial infarction),
major occlusive events (CHD death, myocardial infarction,
ischaemic stroke), myocardial infarction, total stroke, ischae-
mic stroke, haemorrhagic stroke and vascular death. For all
vascular outcomes, controls excluded individuals reporting a
history of CHD, stroke or transient ischaemic attack at base-
line, or incident MVE. Tertiary outcomes were diabetes and
COPD, including both prevalent (previous history or screen-
detected”>*?) and incident cases and incident chronic kidney
disease, liver disease, inflammatory disease, cancer and non-
vascular death. Controls excluded individuals reporting a
history of that disease at baseline. Incident events in the
range ICD-10: A00-N99 were grouped into 41 distinct cate-
gories, largely following the ICD-10 classification (events
outside this range included external causes and were not con-
sidered relevant to the present study). For these ICD-10
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categorized outcomes, no exclusions for prevalent diseases
were made from controls. For all outcomes, no exclusions
for prevalent diseases were made from cases, i.e. not all cases
were new onset. There was overlap between the clinically
defined primary, secondary and tertiary outcomes, and the
ICD-10 categorized outcomes. All disease outcomes were as-
certained through death and disease registries and health in-
surance records. Disease outcomes were pre-specified in a
detailed analysis plan and are described in the supplementary
material (available as Supplementary data at IJE online).
Selected continuous traits measured at baseline were also
assessed.

Statistical analyses

Baseline characteristics were standardized to the sex, age
and region distribution of the study population, and com-
pared across genotypes by a y*-test for categorical measures
or by analysis of variance for continuous measures. The as-
sociation of PLA2G7 V279F with continuous outcomes
was assessed by linear regression, and disease outcomes by
logistic regression, with an additive [per minor (F) allele]
genetic model adjusting for sex, region, age as a continuous
variable and relatedness using a robust sandwich estimator
method,”* which may occasionally result in non-
convergence of the model. Based on approximately 7000
incident cases, the study had over 90% power to detect a
20% lower risk of MVE per minor (F) allele (frequency =
0.05) at P < 0.01. Subgroup analyses were performed for
the primary outcome, by sex, age group, region and ever
regular smoking and current regular alcohol drinking sta-
tus. Sensitivity analyses were performed for primary, sec-
ondary and tertiary outcomes, stratified by region without
adjusting for relatedness, and using the subset of unrelated
individuals. Exploratory analyses involved the addition of
participants reported as undergoing revascularization pro-
cedures, or the addition of prevalent cases in combination
with incident events, to the main vascular endpoints.
P-values were presented unadjusted for multiple testing,
but the threshold for significance at P < 0.05 was calculated
using a standard Bonferroni correction by dividing 0.05 by
the number of tests in each category of primary, secondary,
tertiary and phenome-wide endpoints, or continuous traits.
Analyses used SAS® version 9.3 (SAS Institute Inc.).

Results

Participant characteristics and genotype
distribution

Among the 91428 study participants, the mean age at
baseline was 51 years, 40% were men and 59% were from

rural regions (Table 1). Previous history of physician-
diagnosed CHD was reported by 3%, stroke or transient
ischaemic attack by 2%, diabetes by 6% and hypertension
by 12% of participants. Use of antihypertensive medica-
tion or statins was reported by 5% and 0.2% of partici-
pants, respectively. Baseline characteristics were generally
similar between the whole CKB cohort of 512 891 partici-
pants and the randomly selected genotyped sample.
Overall, 9691 (10.6%) participants had at least one copy
of the loss-of-function variant. Participant baseline charac-
teristics did not vary by PLA2G7 V279F genotype, except
for modest differences in the proportions from urban re-
gions and reporting regular alcohol consumption, and
mean physical activity level (Table 1).

Assessed using the reduced dataset excluding first-degree
relatedness, PLA2G7 V279F frequency was 5% overall,
but varied from 3% to 7% by region (P-heterogeneity
<0.0001), and genotype distribution within each of
the 10 regions did not deviate from Hardy-Weinberg
equilibrium (eTable 1, available as Supplementary data at
IJE online).

Association of PLA2G7 V279F with continuous
traits

There were no differences by genotype in baseline physical
measurements, including blood pressure, adiposity and
lung function, after adjustment for sex, age, region, re-
latedness and multiple testing (Table 2). Random blood
glucose level was assessed among participants not report-
ing a previous history of diabetes and was not associated
with genotype.

Association of PLA2G7 V279F with vascular
diseases

Figure 1 compares the risk of incident reported MVE asso-
ciated with PLA2G7 V279F among 7141 cases and 81 489
controls without vascular disease at baseline or during
follow-up. As our preliminary report showed,'” there was
no association of PLA2G7 V279F with MVE with an OR
per minor (F) allele of 0.98 (95% CI 0.90-1.06, P = 0.63).
Although PLA2G7 V279F showed an association with
regular alcohol drinking, a possible confounder, adjusting
for drinking status did not change the results (0.98, 0.91-
1.07). Furthermore, there was no difference in association
with MVE between subgroups defined by sex, 10-year age
group, region, ever regular smoking status or current regu-
lar drinking (Figure 2).

The loss-of-function variant of PLA2G7 V279F was not
associated with components of MVE: total stroke (5967
events; 1.00, 0.92-1.09); myocardial infarction (653 events;
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Table 1. Characteristics of study participants by PLA2G7 V279F genotype

Characteristic® All CKB Participants ~ PLA2G7 V279F genotype® P-trend
participants in the genetic
(n=512891) sub-study VE FE
(n—o1428) (1=81737) (n=9408) (n=283)
Demographic
Age (years) 51.5(10.7)  51.4(10.6)  51.4(10.5) 51.3(10.5) 52.6(10.5)  0.12
Female (%) 59.0 59.7 59.7 60.1 61.8 0.56
Urban (%) 44.1 40.9 41.1 39.6 38.5 0.01
High school education or above (%) 21.0 19.6 19.5 19.9 19.1 0.76
Income > 20,000 yuan/year (%) 42.7 41.3 41.3 42.1 37.9 0.27
Previous disease
History of hypertension (%) 11.6 11.5 11.5 11.6 11.3 0.92
History of coronary heart disease (%) 3.0 2.9 2.9 3.0 2.7 0.96
History of stroke or transient ischaemic attack (%) 1.7 1.7 1.7 1.5 2.5 0.23
History of diabetes (%) 5.9 5.9 6.0 5.4 5.8 0.08
Cardiovascular risk factors
Physical activity (MET-h/day) 21.1(13.9)  21.6(14.0)  21.6(12.0) 21.3(12.0) 22.5(12.0)  0.02
Ever regular smoker (%) 32.4 32.0 31.9 32.7 30.9 0.62
Regular drinker (%) 14.8 14.7 14.5 16.1 14.0 <0.0001
Medication use
Antihypertensive therapy (%) 4.8 4.8 4.8 4.8 6.1 0.60
Statins (%) 0.2 0.2 0.2 0.2 0.4 0.79

*Values are mean (standard deviation) unless otherwise stated.

PAll comparisons are adjusted for age, sex and region, except age (adjusted for sex and region), female status (adjusted for age and region) and urban status

(adjusted for age and sex).

Table 2. Association of PLA2G7 V279F with continuous traits

Mean (SE) by PLA2G7 V279F genotype

Outcome? No. of \'AY% VF FF Beta (SE) per P-trend®
participants minor (F) allele
Systolic blood pressure (mmHg) 91 428 131.3 (0.08) 131.9 (0.22) 130.3 (1.20) 0.43 (0.21) 0.04
Diastolic blood pressure (mmHg) 91428 78.3 (0.04) 78.4 (0.13) 77.9 (0.70) 0.12 (0.12) 0.31
Body mass index (kg/m?) 91428 23.7 (0.01) 23.7 (0.03) 23.5(0.19) —0.03 (0.03) 0.32
Waist-hip ratio (%) 91428 88 1(0.03) 88 0(0.07) 88 4(0.40) —0.02 (0.07) 0.67
Random blood glucose (mmol/l)® 87631 9(0.01) 9(0.02) 0(0.12) —0.02 (0.02) 0.28
FEV, (litre) 91428 225 6(0.17) 226 1(0.47) 222. 6 (2.80) 0.32 (0.47) 0.49
FVC (litre) 91428 265.1(0.19) 265.4(0.53) 261.9 (3.02) 0.05 (0.52) 0.92
FEV/FVC ratio (%) 91428 85.2(0.03) 85.3(0.08) 85.1(0.49) 0.07 (0.08) 0.34

SE, standard error; FEV, forced expiratory volume; FVC, forced vital capacity.

?All analyses are adjusted for age, sex, region and relatedness.
bAssessed in participants not reporting a previous history of diabetes.

“P-trend not adjusted for multiple testing. Bonferroni correction based on eight tests would result in a threshold of 0.006 (P = 0.05/8).

0.91, 0.71-1.17); and vascular death (2139 events; 0.92,
0.80-1.06). Nor was there an association with major cor-
onary events (MCE; 922 events; 0.96, 0.79-1.18), major
occlusive events (5607 events; 1.01, CI 0.93-1.11), ischae-
mic stroke (4843 events; 1.01, 0.92-1.11), or haemorrhagic
stroke (1248 events; 0.88, 0.73-1.06).
drinking status did not change the association of MCE with
PLA2G7 V279F (0.98, 0.80-1.21). Exploratory analyses
assessed the effect of adding coronary revascularization

Adjustment for

events to the coronary endpoints, which increased the num-
ber of events but did not change the association with
PLA2G7 V279F (MCE + revascularization 1087 events;
0.95, 0.79-1.16; eTable 2, available as Supplementary data
at IJE online). There was also no change with addition of
prevalent cases of CHD, stroke or transient ischaemic at-
tack to the incident reported vascular endpoints (MVE +
previous disease 9939 events; 0.99, 0.90-1.06; eTable 2).
Sensitivity analyses for MVE and MCE stratified by region
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Primary endpoints
Major vacular events
Secondary endpoints
Major coronary events
Major occlusive events
Myocardial infarction
All stroke
Haemorrhagic stroke
Ischaemic stroke
Vascular death
Tertiary endpoints
Diabetes

Chronic obstructive pulmonary disease

Chronic kidney disease

Chronic liver disease

Chronic inflammatory disease

Cancer
Non-vascular mortality

No. of No. of
cases controls

7141 81489
922 81489
5607 81489
653 81489

5967 81489
1248 81489
4843 81489
1774 81489

7031 84397
7789 83639
851 89295
442 89980
339 89279
3243 87891
2811 79362

1593
Odds ratio

(95% CI) P-value*
0.98 ( 0.90, 1.06) 0.63
0.96 ( 0.79, 1.18) 0.73
1.01(0.93, 1.11) 0.80
0.91 (0.71, 1.17) 0.45
1.00 ( 0.92, 1.09) 0.98
0.88 ( 0.73, 1.06) 0.15
1.01(0.92, 1.11) 0.81
0.94 ( 0.80, 1.09) 0.41
0.91(0.84, 0.98) 0.01
0.96 ( 0.89, 1.04) 0.34
— 0.89(0.71, 1.12) 0.29
1.26 (0.97, 1.65) 0.12
— 0.79 ( 0.55, 1.14) 0.16
1.03(0.92, 1.14) 0.66
i 1.08 ( 0.96, 1.21) 0.20

I

0.5 1.0 20

Per minor (F) allele
Odds ratio (95% Cl)

Figure 1. The association of PLA2G7 V279F with vascular'® and non-vascular diseases. Adjusted for sex, study region, age and relatedness. Squares
represent the odds ratio (OR) per Lp-PLA?-lowering minor (F) allele, with area inversely proportional to the variance of the log OR. Horizontal lines
represent the corresponding 95% confidence intervals (Cl). * P-values are not adjusted for multiple testing. Bonferroni correction based on one test
(primary endpoint) or seven tests (secondary or tertiary endpoints) would result in thresholds of 0.05 (P= 0.05/1) or 0.007 (P = 0.05/7), respectively.

followed by meta-analysis did not alter the results (data not
shown).

The rs1333049 variant at the established 9p21 locus was
also genotyped in study participants, and the C allele was
associated with higher risk of MCE when revascularization
events were included in the endpoint (1.09, 1.00-1.19,
P-value = 0.04; eTable 3). This is consistent with previously
published cohort studies (OR ranged from 1.09 to 1.13;
eTable 4) and provides a positive control for genetic ana-
lyses of coronary disease in CKB.

Association of PLA2G7 V279F with non-vascular
diseases

In analyses of other chronic diseases, no associations with
PLA2G7 V279F were observed after adjustment for
multiple testing (Figure 1). Among combined prevalent
and new-onset cases of diabetes, whereas there was a lower
risk of diabetes with PLA2G7 V279F (n = 7031 events;
OR=0.91, 95% CI 0.84-0.98), there was no association
after adjustment for multiple testing. There was also a
lower risk of chronic inflammatory disease (0.79,

0.55-1.14), but event numbers were low (7 = 339), result-
ing in a wide confidence interval. Likewise, there was no
association of PLA2G7 V279F with combined prevalent
and new-onset cases of COPD, or with incident reported
chronic kidney disease, chronic liver disease, cancer or
non-vascular death.

Sensitivity analyses for vascular and non-vascular dis-
ease outcomes, without adjusting for first-degree related-
ness, or using the subset of 82 459 unrelated individuals,
demonstrated no difference between these results and esti-
mates obtained with adjustment for relatedness in the main
analyses (eFigures 2 and 3, available as Supplementary
data at IJE online).

Among the 41 distinct disease categories in the ICD-10
coded screen, there were 196255 coded events reported
during follow-up, with 38 536 (42%) participants report-
ing at least one categorized event. The number of cases in
each category ranged from 182 (ICD-10 J45-]J46: asthma)
to 7570 (ICD-10 160-169: cerebrovascular disease). There
was no association between PLA2G7 V279F and any of
the 41 disease categories (Figure 3). Although a reduction
in risk of asthma with PLA2G7 V279F was observed (182
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No. of No. of Odds ratio P-value for
Subgroup cases controls (95% CI) heterogeneity
Sex
Male 34869 32221 1.00 (0.89, 1.13) 0.67
Female 3672 49268 0.97 (0.86, 1.08)
Age (years)
30-39 169 13855 e 0.69 (0.41, 1.18)
40 - 49 854 26193 -1 1.11(0.90, 1.37)
50 - 59 2054 25369 — 0.89 (0.77, 1.03) 0.20
60 - 69 2589 12364 1.01 (0.88, 1.15)
70-79 1465 3708 1.05 (0.87, 1.27)
Region
Harbin (urban) 1615 6891 —. 0.97 (0.81,1.15)
Qingdao (urban) 255 5518 —— 1.01 (0.68, 1.50)
Henan (rural) 1179 10264 —a— 1.00 (0.83, 1.19)
Gansu (rural) 886 10368 — 0.97 (0.78, 1.21)
Suzhou (urban) 283 9148 —_— 1.12(0.77, 1.62) 0.79
Sichuan (rural) 482 10065 —_— 1.05 (0.77, 1.42)
Zhejiang (rural) 507 9670 — 0.94 (0.69, 1.30)
Hunan (rural) 857 8656 —— 0.95(0.75,1.21)
Liuzhou (urban) 711 7479 —_—t— 1.10 (0.85, 1.42)
Haikou (urban) 366 3430 -é-—— 0.63 (0.37,1.07)
Smoking
Never regular 4287 55082 1.01(0.91,1.12) 0.50
Ever regular 2854 25507 1.07 (0.94, 1.21)
Alcohol drinking
Mot regular 6167 69315 1.05 (0.96, 1.14) 0.47
Regular 974 12174 0.98 (0.79, 1.20)
All 7141 81489 0.98 (0.90, 1.06) 0.24
I I I
0.5 1.0 20

Per minor (F) allele
Odds ratio (95% CI)

Figure 2. The association of PLA2G7 V279F with major vascular events, among subgroups. Adjusted for sex (apart from sex subgroups), study region
(apart from region subgroups), age (apart from age subgroups) and relatedness. Squares represent the odds ratio (OR) per Lp-PLAZ? lowering minor
(F) allele, with area inversely proportional to the variance of the log OR. Horizontal lines represent the corresponding 95% confidence intervals (ClI).

The diamond represents the overall OR and its 95% ClI.

events; 0.53, 0.28-0.98), there was no association after ad-
justment for multiple testing.

Discussion

This is the largest single study to investigate the association
of the PLA2G7 V279F loss-of-function variant with risk
of vascular diseases, and the first to investigate its effects
on a wide range of disease outcomes. Among over 91 000
Chinese adults, with 11% having at least one loss-of-
function variant, we found no association of PLA2G7
V279F with major vascular or coronary events or stroke
subtypes. A wide range of non-vascular outcomes were
also examined, and although lower risks with PLA2G7
V279F were observed for diabetes and asthma, there was
no association after adjustment for multiple comparisons.
Furthermore, there was no evidence of an association of

PLA2G7 V279F with either vascular or non-vascular
death or cardiovascular risk factors. These results suggest
that genetically determined lifelong lower Lp-PLA, activity
has no major causal effects on vascular or non-vascular
diseases.

Our findings for vascular disease are consistent with
null results for the association of PLA2G7 V279F with
CHD reported in meta-analyses of East Asian studies'®'”
in which the individual studies typically involved just a few
hundred cases, with diverse disease definitions, varying de-
grees of adjustment and little information on non-coronary
diseases. Inference from the literature is often complicated
by publication bias, however, since some large studies have
reported only the fact of non-significance® or reported re-
sults fully only in a subset with significant results,”® and
this has distorted which results have been included in these
meta-analyses. Although a Korean study reported a
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No.of No. of Odds ratio
Outcomes cases controls (95% CI) P-value*
Infections
Infectious and parasitic diseases 2025 89403 1.05 ( 0.91, 1.22) 0.50
Neoplasms
Malignant neoplasms {excluding bronchus and lung) 2778 88650 0.98 ( 0.87, 1.10) 0.73
Malignant neoplasms of bronchus and lung 649 90779 +— 1.22 ( 0.98, 1.52) 0.10
In situ, benign, uncertain or unknown neoplasms 821 an607 —_—— 0.98 (0.78, 1.22) 0.84
Diseases of the blood
Diseases of the blood 630 90798 e ] 1.16 ( 0.91, 1.49) 0.26
Endocrine, nutritional and metabolic diseases
Other endocrine disorders 350 91078 —_ 1.23 ( 0.90, 1.68) 0.23
Diabetes 3701 87727 —- 0.91(0.82, 1.01) 0.08
Malnutrition or other nutritional deficiencies 483 90965 1.08 (Not estimable) MNA
Disorders of lipoprotein metabolism 487 20941 0.992 (Not estimable) MA
Mental and behavioural disorders
Mental and behavioural disorders T66 90662 e 0.99 (0.79, 1.24) 0.96
Diseases of the nervous system
Diseases of the nervous system 921 90507 —_— 0.98 ( 0.80, 1.21) 0.88
Transient cerebral ischasmic attacks 1806 89822 —i— 1.06 ( 0.91, 1.23) 045
Diseases of the eye and ear
Diseases of the eye and adnexa 2479 88949 —— 1.02(0.89, 1.16) 0.78
Diseases of the ear and mastoid process 926 90502 — 0.95 (0.77, 1.17) 0.65
Di: of the circulatory syst:
Diseases of the circulatory system 3433 87995 . 0.92 ( 0.82, 1.03) 0.15
Essential hypertension 3393 88035 0.97 ( 0.86, 1.09) 0.60
Ischaemic heart disease 5517 85911 1.03 ( 0.94, 1.12) 0.55
Cerebrovascular disease 7570 83858 ; 0.98 ( 0.90, 1.08) 0.58
Di: of the respi Y sy
Acute upper respiratory infections 5968 85460 0.98 (Mot estimable) MNA
Influenza and pneumonia 1274 90154 —a— 0.97 (0.81, 1.15) 0.72
Other acute lower respiratory infections 808 90620 —_— 0.92 ( 0.74, 1.19) 0.56
Other diseases of the upper respiratory tract 612 90816 —_— 1.07 ( 0.83, 1.38) 062
Chronic lower respiratory disease 4194 87234 1.01(0.91, 1.11) 0.91
Asthma 182 91246 % 0.53 ( 0.28, 0.98) 0.01
Other diseases of the respiratory system 1831 89797 1.03 ( 0.88, 1.20) 0.75
Di: of the digestive syst
Diseases of the oral cavity 906 90432 e 1.00(0.81, 1.24) 0.98
Gingivitis and peridontal diseases 1182 90236 1.02 (Not estimable) MA
Diseases of oesophagus, stomach and duodenum 6365 85063 = 1.04 ( 0.96, 1.14) 0.32
Other digestive system diseases 2204 89224 —.— 0.94 (0.82,1.08) 0.38
Moninfective enteritis and colitis 1987 89441 —— 0.93 ( 0.80, 1.08) 0.32
Diseases of the liver 768 90660 T 1.19(0.96, 1.47) 0.13
Disorders of biliary tract and pancreas 2372 89056 —E— 0.95 ( 0.83, 1.09) 047
Diseases of the skin
Diseases of the skin 2121 89307 gl 0.92 ( 0.79, 1.08) 0.30
Di: of the loskeletal system
Arthropathies 2877 88551 0.97 ( 0.86, 1.10) 0.64
Other musculoskeletal disorders 6340 85088 E 1.04 (0.95,1.13) 0.40
Di: of the genitourinary sy
Renal disorders 1901 88527 —i—r 0.88 ( 0.76, 1.03) 0.02
Other diseases of urinary system 1402 90026 — 1.00 ( 0.84, 1.19) 0.99
Diseases of the male genital organs 512 90916 s 0.94 (0.71,1.24) 0.64
Disorders of the breast 286 91142 0.98 (Not estimable) MA
Inflammatory diseases of female pelvic organs 1471 89957 —t— 1.07 ( 0.89, 1.28) 047
Other female genitourinary diseases 1036 90392 - 1.08 (0.8, 1.31) 0.45
l I
0.5 1.0 2.0

Per minor (F) allele
Odds ratio (95% Cl)

Figure 3. The association of PLA2G7 V279F with ICD-10 coded disease outcomes. Conventions as in Figure 1. Missing 95% Cls indicate non-conver-
gence of the logistic regression model due to the adjustment for relatedness, and these point estimates are not plotted. * P-values are not adjusted for
multiple testing. Bonferroni correction based on 41 tests would result in a threshold of 0.001 (P = 0.05/41).
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protective effect of V279F for myocardial infarction and
angiographically defined CHD in 3700 men with adjust-
ment for conventional risk factors (OR=0.80, 95% CI
0.69-0.92, P-value = 0.002), which is not inconsistent
with the 95% ClIs for coronary outcomes in the present
study, no effect was observed among women in the Korean
study, which was attributed to possible asymptomatic
CHD and misclassification among controls, and the
gender-specific analyses were not pre-specified.'® Small
case-control studies of stroke have also reported varying
findings;*"*” however the present study, by far the largest
to assess the effects of V279F on stroke, shows no evidence
of benefit, particularly for ischaemic stroke. Studies of
other PLA2G7 loss-of-function variants in populations of
European and African ancestry have found no evidence of
effects on CHD or vascular death, although power has
been limited due to low frequency of these variants.>**!
Results from our study are broadly in line with recent
findings from randomized trials of the Lp-PLA,; inhibitor
darapladib. The STABILITY trial (Stabilization of
Atherosclerotic Plaque by Initiation of Darapladib
Therapy) of 15 828 patients with stable CHD reported no
effect on the primary endpoint of MVE after 3.7 years of
treatment [hazard ratio (HR) 0.94, 95% CI 0.85-1.03),
though a modest reduction was observed for the secondary
endpoint of MCE (0.90, 0.82-1.00, P = 0.045).° Similarly,
among 13 026 ACS patients treated for 2.5 years in the
randomized, double-blind, placebo-controlled  trial
SOLID-TIMI 52  (Stabilization of
Darapladib-Thrombolysis in Myocardial Infarction 52),

Plaque Using
there was no effect on the primary endpoint of MCE (1.00,
0.91-1.09) or the secondary endpoint of MVE (0.99,
0.90-1.09).” The trials were powered to detect a 15% re-
duction in relative risk, whereas lifelong exposure levels
may be expected to have a greater magnitude of effect on
risk than intervening to lower the exposure for just a few
years in later life.>* Our study has ruled out any protective
effect on MVE greater than 10% from lifelong exposure in
this general population.

Vascular outcomes in the present study were selected to
facilitate comparison with the randomized trials.
However, it is notable that there was a much higher pro-
portion of stroke events in the CKB compared with the tri-
als, reflecting differences in cardiovascular disease rates
between populations of East Asian and of European origin.
Given the heterogeneity between coronary events and
different stroke subtypes, use of a composite primary out-
come such as MVE may hinder detection of disease-specific
effects in trials as well as genetic studies, and it is import-
ant to balance the benefits of larger numbers with that of
specific disease definition. Both trials reported no benefit

for stroke, concordant with findings in the present study

which was well powered for stroke. However, there were
fewer myocardial infarction and major coronary events
(n = 922) in the present study, and larger numbers of these
events in CKB would be required to rule out relative risk
reductions smaller than about 20% (odds ratio for MCE
0.96; 95% CI 0.79-1.18) to draw a definitive conclusion
on these outcomes. Had the present results been available
to complement existing epidemiological data when the
STABILITY trial was designed,>> MCE might have been
chosen for the primary endpoint. However, although the
primary endpoint for SOLID was changed from MVE to
MCE’ in light of the results of STABILITY, no efficacy for
darapladib on either outcome was observed.

As Lp-PLA, activity might play a role in multiple biolo-
gical pathways, we examined the effects of PLA2G7
V279F on a wide range of disease outcomes. Although
there were nominal lower risks of diabetes and asthma,
there was no evidence of association after adjusting for
multiple testing. Furthermore, the direction of effect of
PLA2G7 V279F with chronic inflammatory diseases sug-
gested a possible pro-inflammatory effect of Lp-PLA,
but, given the low number of events, this was not conclu-
sive. Lp-PLA,
investigated in phase II trials for diabetic macular oedema
(NCT01506895) (NCT0142
8453), but these outcomes were not evaluated in the pre-

inhibitor therapies have also been

and Alzheimer’s disease
sent study due to insufficient numbers of reported events.
The lack of increased risks of non-vascular diseases with
V279F in the present study complements safety data from
clinical trials of darapladib, and suggests there are no
major hazards associated with lower Lp-PLA, activity.
Although an increase in serious renal failure events (1.5%
darapladib vs 1.1% placebo; HR 1.35,95% CI 1.03-1.78)
was reported in STABILITY,® we found no effect on the in-
cidence of chronic kidney disease, though the number of
acute renal failure events in the present study was too low
to assess this outcome reliably. Nor was there an increased
risk of cancer, in either the present study or the trials.
Genetic variants influencing therapeutic targets cannot,
however, be used to identify off-target drug effects.**

The present study has a number of strengths, including
large sample size, standardized data collection, and detailed
information on a wide range of disease outcomes collected
through linkage to electronic health records. However, the
study was still under-powered for many outcomes exam-
ined, e.g. myocardial infarction and major coronary events,
which can be addressed with further genotyping of add-
itional CKB samples and a longer follow-up period.
Extrapolation from the effects of a genetic variant to the
causal role of a biomarker can be hindered if the genetic
variant has pleiotropic effects (i.e. other than via the
biomarker) on outcomes, which are very difficult to
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determine. Although such effects cannot be ruled out in the
present study, PLA2G7 V279F is a functional variant close
to the active domain of Lp-PLA,, resulting in inactive en-

11-13
zyme,

and no evidence for pleiotropy was found in our
analyses of baseline traits. Also, developmental compensa-
tion to a functional genetic variant could potentially alter ef-
fects on outcomes,> but this is unlikely to have affected the
present study as, although not directly assessed in the study
participants, the loss of Lp-PLA, activity in V279F carriers
is well established among East Asian adults.''="? Population
stratification is an important consideration for Mendelian
randomization studies, and although the frequency of
V279F varied somewhat across the 10 CKB study regions,
there was no evidence of heterogeneity of effect by region.
This study, only possible in East Asians given the geo-
graphical distribution of PLA2G7 V279F, demonstrates the
value different populations can bring to Mendelian random-
ization investigations. The CKB is uniquely placed to inves-
tigate the role of other exposures influenced by East Asian-
specific variants, such as alcohol consumption and the
ALDH?2 loss-of-function variant.

Conclusions

This study provides new evidence that lifelong lower Lp-
PLA, activity is unlikely to have a major causal effect on risk
of vascular or non-vascular diseases in the general popula-
tion, complementing findings from recent randomized trials.
The use of functional genetic variants in blood-based pro-
spective cohorts with linkage to electronic health records,
such as the CKB and UK Biobank,*® represents a valuable
approach for assessment of potential drug targets. The accu-
mulation of further disease events over the next 5-10 years,
in combination with clinical event adjudication and sub-
phenotyping, will substantially increase power to detect gen-
etic (and non-genetic) associations in the CKB. Genome-
wide analysis currently ongoing in the CKB includes about
80 000 loss-of-function variants which may represent im-
portant pathways for development of novel therapies, and
their effects on target outcomes can be evaluated and poten-
tial alternative indications or safety issues may also come to
light. Additionally, for common, chronic diseases such as
major vascular diseases which may have heterogeneous aeti-
ology, genetically identified subtypes could help guide more
efficient and targeted clinical trials. Future drug development
and repositioning could benefit greatly from such informa-
tion, especially if conducted in the early stages of clinical de-
velopment, before undertaking large-scale clinical trials.

Supplementary Data

Supplementary data are available at IJE online.

Funding

This work was supported by: the Kadoorie Charitable Foundation
Hong Kong; UK Wellcome Trust (grant numbers 088158/Z/09/Z,
104085/2/14/Z); Chinese Ministry of Science and Technology
2011BAI09B01); Chinese National Natural
Science Foundation (grant numbers 81390541, 81390544);
GlaxoSmithKline; and Merck Sharp & Dohme Corp. The British
Heart Foundation, UK Medical Research Council and Cancer

(grant number

Research UK provide core funding to the Clinical Trial Service Unit
and Epidemiological Studies Unit at the University of Oxford. Role of
the funding source: the study was part-funded by GlaxoSmithKline,
who collaborated in developing the study design, analysis plan, results
interpretation and reporting. All data were analysed independently at
CTSU. The corresponding authors had access to all the data in the
study and had final responsibility for the decision to submit for
publication.

Acknowledgments

The chief acknowledgment is to the participants, the project staff
and the China National Centre for Disease Control and Prevention
(CDC) and its regional offices for access to death and disease regis-
tries. The Chinese National Health Insurance scheme provides elec-
tronic linkage to all hospital treatment.

China Kadoorie Biobank collaborative group

International Steering Committee: Junshi Chen, Zhengming Chen
(PI), Rory Collins, Liming Li (PI), Richard Peto. International Co-
ordinating Centre, Oxford: Daniel Avery, Derrick Bennett, Yumei
Chang, Yiping Chen, Zhengming Chen, Robert Clarke, Huaidong
Du, Xuejuan Fan, Simon Gilbert, Alex Hacker, Michael Hill,
Michael Holmes, Andri Tona, Rene Kerosi, Ling Kong, Om Kurmi,
Garry Lancaster, Sarah Lewington, John McDonnell, Winnie Mei,
Iona Millwood, Qunhua Nie, Jayakrishnan Radhakrishnan, Paul
Ryder, Sam Sansome, Dan Schmidt, Paul Sherliker, Rajani Sohoni,
Luanlaun Sun, Robin Walters, Jenny Wang, Lin Wang, Ling Yang,
Xiaoming Yang. National Co-ordinating Centre, Beijing: Zheng
Bian, Ge Chen, Lei Guo, Yu Guo, Bingyang Han, Can Hou, Peng
Liu, Jun Lv, Pei Pei, Shuzhen Qu, Yunlong Tan, Canging Yu,
Huiyan Zhou. Ten Regional Co-ordinating Centres: Qingdao
Qingdao CDC: Zengchang Pang, Shaojie Wang, Yun Zhang, Kui
Zhang. Licang CDC: Silu Liu, Wei Hou. Heilongjiang Provincial
CDC: Zhonghou Zhao, Shumei Liu, Zhigang Pang. Nangang CDC:
Weijia Feng, Shuling Wu, Liqiu Yang, Huili Han, Hui He, Bo Yu.
Hainan Provincial CDC: Xianhai Pan, Shanqing Wang, Hongmei
Wang. Meilan CDC: Xinhua Hao, Chunxing Chen, Shuxiong Lin,
Xiangyang Zheng. Jiangsu Provincial CDC: Xiaoshu Hu, Minghao
Zhou, Ming Wu, Ran Tao. Suzhou CDC: Yeyuan Wang, Yihe Hu,
Liangcai Ma, Renxian Zhou, Guanqun Xu, Yan Lu. Guangxi
Provincial CDC: Baiqing Dong, Naying Chen, Ying Huang. Liuzhou
CDC: Minggiang Li, Jinhuai Meng, Zhigao Gan, Jiujiu Xu, Yun
Liu, Jingxin Qing. Sichuan Provincial CDC: Xianping Wu, Yali
Gao, Ningmei Zhang. Pengzhou CDC: Guojin Luo, Xiangsan Que,
Xiaofang Chen. Gansu Provincial CDC: Pengfei Ge, Jian He,
Xiaolan Ren. Maiji CDC: Hui Zhang, Enke Mao, Guanzhong Li,
Zhongxiao Li, Jun He, Yulong Lei, Xiaoping Wang. Henan
Provincial CDC: Guohua Liu, Baoyu Zhu, Gang Zhou, Shixian
Feng. Huixian CDC: Yulian Gao, Tianyou He, Li Jiang, Jianhua
Qin, Huarong Sun. Zhejiang Provincial CDC: Liqun Liu, Min Yu,


http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyw087/-/DC1

1598

International Journal of Epidemiology, 2016, Vol. 45, No. 5

Yaping Chen, Ruying Hu. Tongxiang CDC: Zhixiang Hu, Jianjin
Hu, Yijian Qian, Zhiying Wu, Chunmei Wang, Lingli Chen. Hunan
Provincial CDC: Wen Liu, Guangchun Li, Huilin Liu. Liuyang

CDC: Xiangquan Long, Xin Xu, Youping Xiong, Zhongwen Tan,

Xuqiu Xie, Yunfang Peng, Weifang Jia. GlaxoSmithKline: Lon

Cardon, Stephanie Chissoe, Toby Johnson, Dawn Waterworth,
Astrid Yeo. BGI: Nie Chao, Wang Jun, Qibin Li, Xiao Liu,
Hongcheng Zhou.

Conflict of interest: L.C., S.C., T.J., D.W. and A.Y. are full-time em-
ployees of GlaxoSmithKline and own company stock. This study

was part-funded by a grant from GlaxoSmithKline.

References

1.

10.

11.

12.

Kolodgie FD, Burke AP, Skorija KS et al. Lipoprotein-associated
phospholipase A2 protein expression in the natural progression
of human coronary atherosclerosis. Arterioscler Thromb Vasc
Biol 2006;26:2523-29.

Stafforini DM. Biology of platelet-activating factor acetylhydro-
lase (PAF-AH, lipoprotein associated phospholipase A2).
Cardiovasc Drugs Ther 2009;23:73-83.

Tjoelker LW, Wilder C, Eberhardt C et al. Anti-inflammatory
properties of a platelet-activating factor acetylhydrolase. Nature
1995;374:549-53.

Rosenson RS, Stafforini DM. Modulation of oxidative stress, in-
flammation, and atherosclerosis by lipoprotein-associated
phospholipase A2. | Lipid Res 2012;53:1767-82.

Mohler ER 3rd, Ballantyne CM, Davidson MH et al. The effect
of darapladib on plasma lipoprotein-associated phospholipase
A2 activity and cardiovascular biomarkers in patients with stable
coronary heart disease or coronary heart disease risk equivalent:
the results of a multicenter, randomized, double-blind, placebo-
controlled study. ] Am Coll Cardiol 2008;51:1632—-41.

White HD, Held C, Stewart R et al. Darapladib for preventing is-
chemic events in stable coronary heart disease. N Engl | Med
2014;370:1702-11.

O’Donoghue ML, Braunwald E, White HD ez al. Effect of dara-
pladib on major coronary events after an acute coronary syn-
drome: the SOLID-TIMI 52 randomized clinical trial. JAMA
2014;312:1006-15.

Thompson A, Gao P, Orfei L et al. Lipoprotein-associated
phospholipase A(2) and risk of coronary disease, stroke, and
mortality: collaborative analysis of 32 prospective studies.
Lancet 2010;375:1536-44.

Heart Protection Study Collaborative G. Lipoprotein-associated
phospholipase A(2) activity and mass in relation to vascular dis-
ease and nonvascular mortality. | Intern Med 2010;268:348-58.
Evans DM, Davey Smith G. Mendelian randomization: new ap-
plications in the coming age of hypothesis-free causality. Annu
Rev Genomics Hum Genet 2015;16:327-50.

Stafforini DM, Satoh K, Atkinson DL et al. Platelet-activating
factor acetylhydrolase deficiency. A missense mutation near the
active site of an anti-inflammatory phospholipase. | Clin Invest
1996;97:2784-91.

Zhang SY, Shibata H, Karino K et al. Comprehensive evaluation
of genetic and environmental factors influencing the plasma
lipoprotein-associated phospholipase A2 activity in a Japanese
population. Hypertens Res 2007;30:403-09.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hou L, Chen S, Yu H et al. Associations of PLA2G7 gene poly-
morphisms with plasma lipoprotein-associated phospholipase
A2 activity and coronary heart disease in a Chinese Han popula-
tion: the Beijing Hum  Genet
2009;125:11-20.

Balta G, Gurgey A, Kudayarov DK, Tunc B, Altay C. Evidence
for the existence of the PAF acetylhydrolase mutation

atherosclerosis  study.

(Val279Phe) in non-Japanese populations: a preliminary study in

Turkey, Azerbaijan, and Thromb  Res
2001;101:231-34.

Yamada Y, Yoshida H, Ichihara S, Imaizumi T, Satoh K, Yokota
M. Correlations between plasma platelet-activating factor ace-
tylhydrolase (PAF-AH) activity and PAF-AH genotype, age, and
atherosclerosis in a Japanese population.
2000;150:209-16.

Wang Q, Hao Y, Mo X et al. PLA2G7 gene polymorphisms and
coronary heart disease risk: a meta-analysis. Thromb Res
2010;126:498-503.

Zheng GH, Chen HY, Xiong SQ, Chu JF. Lipoprotein-associ-
ated phospholipase A2 gene V279F polymorphisms and coron-

Mol Biol Rep

Kyrgyzstan.

Atherosclerosis

ary heart disease: a meta-analysis.
2011;38:4089-99.

Jang Y, Waterworth D, Lee JE et al. Carriage of the V279F null
allele within the gene encoding Lp-PLA(2) is protective from cor-
onary artery disease in South Korean males. PLoS Omne
2011;6:¢18208.

Millwood IY, Bennett DA, Walters RG et al. Lipoprotein-associ-
ated phospholipase A2 loss-of-function variant and risk of vascu-
lar diseases in 90,000 Chinese adults. | Am Coll Cardiol
2016;67:230-31.

Chen Z, Chen ], Collins R et al. China Kadoorie Biobank of 0.5
million people: survey methods, baseline characteristics and
long-term follow-up. Int | Epidemiol 2011;40:1652-66.

Chen Z, Lee L, Chen J et al. Cohort Profile: The Kadoorie Study
of Chronic Disease in China (KSCDC). Int | Epidemiol
2005;34:1243-49.

Bragg F, Li L, Smith M et al. Associations of blood glucose and
prevalent diabetes with risk of cardiovascular disease in 500 000
adult Chinese: the China Kadoorie Biobank. Diabet Med
2014;31:540-51.

Kurmi OP, Li L, Smith M ez al. Regional variations in the preva-
lence and misdiagnosis of air flow obstruction in China: baseline
results from a prospective cohort of the China Kadoorie Biobank
(CKB). BM] Open Respir Res 2014;1:e000025.

Liang KY, Zeger SL. Longitudinal data analysis using general-
ized linear models. Biometrika 1986;73:1322.

Yamada Y, Matsuo H, Segawa T et al. Assessment of genetic risk
for myocardial infarction. Thromb Haemost 2006;96:220-27.
Shimokata K, Yamada Y, Kondo T et al. Association of gene
polymorphisms with coronary artery disease in individuals with
or without nonfamilial hypercholesterolemia. Atherosclerosis
2004;172:167-73.

Hiramoto M, Yoshida H, Imaizumi T, Yoshimizu N, Satoh K. A
mutation in plasma platelet-activating factor acetylhydrolase
(Val279-> Phe) is a genetic risk factor for stroke. Stroke
1997;28:2417-20.

Yoshida H, Imaizumi T, Fujimoto K et al. A mutation in plasma

platelet-activating factor acetylhydrolase (Val279Phe) is a



International Journal of Epidemiology, 2016, Vol. 45, No. 5

1599

29.

30.

31.

32.

genetic risk factor for cerebral hemorrhage but not for hyperten-
sion. Thromb Haemost 1998;80:372-75.

Liu X, Zhu RX, Tian YL et al. Association of PLA2G7 gene
polymorphisms with ischemic stroke in northern Chinese Han
population. Clin Biochem 2014;47:404-08.

Casas JP, Ninio E, Panayiotou A et al. PLA2G7 genotype,
lipoprotein-associated phospholipase A2 activity, and coronary
heart disease risk in 10 494 cases and 15 624 controls of
European ancestry. Circulation 2010;121:2284-93.

Polfus LM, Gibbs RA, Boerwinkle E. Coronary heart disease and
genetic variants with low phospholipase A activity. N Engl |
Med 2015;372:295-96.

Ference BA, Yoo W, Alesh I et al. Effect of long-term exposure
to lower low-density lipoprotein cholesterol beginning early in
life on the risk of coronary heart disease: a Mendelian random-
ization analysis. ] Am Coll Cardiol 2012;60:2631-39.

33.

34.

35.

36.

White H, Held C, Stewart R et al. Study design and rationale for
the clinical outcomes of the STABILITY Trial (STabilization of
Atherosclerotic plaque By Initiation of darapLadlb TherapY)
comparing darapladib versus placebo in patients with coronary
heart disease. Am Heart ] 2010;160:655-61.

Sofat R, Hingorani AD, Smeeth L er al. Separating the
mechanism-based and off-target actions of cholesteryl ester
transfer protein inhibitors with CETP gene polymorphisms.
Circulation 2010;121:52-62.

Davey Smith G, Timpson N, Ebrahim S. Strengthening causal
inference in cardiovascular epidemiology through Mendelian
randomization. Ann Med 2008;40:524-41.

Sudlow C, Gallacher J, Allen N ez al. UK biobank: an open ac-
cess resource for identifying the causes of a wide range of com-
plex diseases of middle and old age. PLoS Med 2015;
12:¢1001779.



	dyw087-TF1
	dyw087-TF2
	dyw087-TF3
	dyw087-TF4
	dyw087-TF5
	dyw087-TF6

