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Abstract

Background: Circulating lipids levels, as well as several familial lipid metabolism disorders, are strongly associated with
initiation and progression of atherosclerosis and incidence of myocardial infarction (Ml).

Objectives: We hypothesized that genetic variants associated with circulating lipid levels would also be associated with MI
incidence, and have tested this in three independent samples.

Setting and Subjects: Using age- and sex-adjusted additive genetic models, we analyzed 554 single nucleotide
polymorphisms (SNPs) in 41 candidate gene regions proposed to be involved in lipid-related pathways potentially
predisposing to incidence of Ml in 2,602 participants of the Swedish Twin Register (STR; 57% women). All associations with
nominal P<<0.01 were further investigated in the Uppsala Longitudinal Study of Adult Men (ULSAM; N=1,142).

Results: In the present study, we report associations of lipid-related SNPs with incident Ml in two community-based
longitudinal studies with in silico replication in a meta-analysis of genome-wide association studies. Overall, there were 9
SNPs in STR with nominal P-value <0.01 that were successfully genotyped in ULSAM. rs4149313 located in ABCA1 was
associated with Ml incidence in both longitudinal study samples with nominal significance (hazard ratio, 1.36 and 1.40; P-
value, 0.004 and 0.015 in STR and ULSAM, respectively). In silico replication supported the association of rs4149313 with
coronary artery disease in an independent meta-analysis including 173,975 individuals of European descent from the
CARDIoGRAMplusC4D consortium (odds ratio, 1.03; P-value, 0.048).

Conclusions: rs4149313 is one of the few amino acid changing variants in ABCA1 known to associate with reduced
cholesterol efflux. Our results are suggestive of a weak association between this variant and the development of
atherosclerosis and MI.
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Background atherosclerotic plaques and subsequent myocardial infarction (MI)
[2]. A recent GWAS meta-analysis has identified 95 loci associated
with circulating lipid levels[3], and genetic polymorphisms
modifying function or expression of these genes are likely to be
associated with MI as well. Several Mendelian diseases have

Circulating lipids concentrations, such as serum low-density
lipoprotein cholesterol (LDL) and high-density lipoprotein choles-
terol (HDL) levels are routinely used biochemical measures in
clinical practice [1], since they are related to the development of
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provided support for this hypothesis. For example, familial
hypercholesterolemia caused by mutations in the low-density
lipoprotein receptor gene (LDLR) can elevate LDL levels and
increase MI risk in early middle age [4]. Therefore, investigating
variants in genes from lipid-related pathways may promote a
greater understanding of the pathological process of atherosclero-
sis and assist in the search for novel treatment targets for this
condition and subsequent MI.

The variety of genetic associations for serum lipid traits provides
an intriguing basis from which to test if these same loci also impact
risk for MI. In this study, we therefore targeted genetic loci
associated with serum lipids, and tested these for association with
MI incidence and symptomatic coronary artery disease (CAD) in
two independent longitudinal studies with i siico replication in
two large datasets.

Methods
Study samples

Our discovery sample consisted of four sub-studies within the
Swedish Twin Registry (STR) [5]. Briefly, STR contains data
regarding health, health-related behaviors, physical activity, eating
habits, and environmental stressors along with other information
from Swedish national registries. In current study, we utilized four
sub-studies within STR: Sex differences in health and aging
(GENDER) [6], Individual differences among the oldest-old
(OCTO-Twin) [7], The Swedish Adoption/Twin Study of Aging
(SATSA) [8], and the Study of Dementia in Swedish Twins
(HARMONY) [9]. All data collection in these four sub-studies
followed a similar fashion with both questionnaires and blood
sampling as decribed in the previous study [10]. In total, we
included 2,602 individuals with DNA available (sample call
rate>90%). We also collected information of circulating lipids
levels, including total cholesterol, LDL, HDL, triglycerides,
apolipoprotein Al and apolipoprotein B for these individuals. All
the blood tests were taken after overnight fasting, except for
individuals from OCTO-Twin; thus, lipid analyses were adjusted
for fasting status.

As an independent replication sample, we used the Uppsala
Longitudinal Study of Adult Men (ULSAM), a community-based
longitudinal study of unrelated individuals[11]. All men born in
1920-1924 who were residents of Uppsala County were invited to
a health examination. All men participated in the investigation at
age 50[12], and they have been re-examined five times so far. The
DNA was collected at the re-examination at age 71 (n=1,142),
constituting the baseline information for the present study.
Information about circulating lipids levels was also collected at
age 71 after overnight fasting.

All participants provided informed written consent, and the
Ethics Committees of Karolinska Institutet and Uppsala Univer-
sity approved the individual study protocols.

Follow-up and outcomes

We collected outcome data from the Swedish Patient Register
and the Cause of Death Register by linkage using the personal
identification numbers. In primary analyses, we used age as the
time-scale, with start of follow-up at age 18. In sensitivity analyses,
we re-analyzed our top findings using date of blood draw in the
respective cohort as start of follow-up. This allowed us to address
the potential issue of survival bias and left truncation due to
incomplete outcome information in the earlier years of the
registries. Study participants were censored at their first occasion
of MI, at the date of death or on Dec 31, 2008.
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The occurrence of MI was defined by International Classifica-
tion of Diseases (ICD) codes: ICD-7 codes before 1968, 420.10,
420.17; ICD-8 code from 1968 to 1986, 410; ICD-9 code from
1987 to 1996, 410; and ICD-10 codes from 1997 to present, 121
and 122. Only the main diagnoses (ie. principal cause of
hospitalization or underlying cause of death, respectively) were
included in the outcome definition to increase the validity of the
outcome (positive predictive value of ~95%).[13,14]

Genetic marker selection and genotyping

Candidate genes were selected based on their reported
associations with serum LDL, HDL or triglycerides through a
literature search in publications from 2003 to 2008. All known
polymorphisms within or in LD with potential gene regions based
on CEU samples of HapMap Data Release 22 were taken into
consideration. We used Haploview 4.0[15] to identify LD blocks,
and to tag SNPs. SNPs in a region about 20 kb upstream and
10 kb downstream of the examined genes were selected using the
UCSC Genome Browser[16]. After selection, Illumina scores for
all markers were calculated; those that did not satisfy the criteria
for Illumina probe chemistry were then replaced with an SNP in
perfect LD [r?=1] if available or other tagging SNPs.

Genotyping was performed using the Illumina GoldenGate
assay system on Illumina BeadStation 500GX equipment at
Uppsala University SNP Technology Platform[17]. Monomorphic
SNPs, SNPs with a call rate less than 90%, and SNPs which failed
Hardy-Weinberg equilibrium (exact P-value<<1*107) were cx-
cluded. A total number of 554 SNPs from 41 gene regions were
included in the primary analyses in STR. All genetic markers
studied are listed in Supplementary Table 1 in File S1.

As an independent replication effort in ULSAM, we used a
combination of available genotype data (in silico replication) and de
novo genotyping when needed. For the i silico replication, we only
considered SNPs in strong LD with our SNP from the primary
analysis (?>0.8 according to HapMap rel22 CEU panel). The de
novo genotyping was performed at Uppsala University SNP
Technology Platform with the same methods as described above.

Statistical analyses

Baseline covariates were presented as means with standard
deviations or percentages. We performed age- and sex-adjusted
Cox proportional hazards regression with additive genetic models
for association analyses between SNPs and first MI occurrence in
STR as our primary analyses. We constructed null data sets
through bootstrap re-sampling to account for multiple statistical
testing. For each of the 554 SNPs, we ran the regression model
10,000 times and obtained an empirical probability value for each
phenotype by comparing the minimum nominal probability value
with the distribution of probability values from the null data sets.

All SNPs with nominal P-values for association with MI of less
than 0.01 in our discovery analyses were brought forward to
replication, and to additional analyses, such as associations with
lipid levels. In additional analyses, we fitted Cox models with
shared frailty to take the twin relatedness into account[18] and did
sex-stratified analyses. Besides, we performed multilevel mixed-
effects linear regression models adjusted by age, sex and fasting
status to study associations of these SNPs with total cholesterol,
LDL, HDL, triglycerides, apolipoprotein Al and apolipoprotein B
in additive genetic models in STR. Then independent replication
in ULSAM was performed for association of those SNPs with MI
and with lipids using age-adjusted Cox regression and linear
regression, respectively.

In a post-hoc power calculation, we had 51.8% statistical power
to detect a hazard ratio of 1.36 in the discovery sample at an alpha
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level of 0.01 in our discovery sample. Two-tailed 95% confidence
intervals and P-values were given. All results reported in the
current study were nominal P-value without correcting multiple
tests. All analyses above were performed using statistical software
package STATA 10.1 (StataCorp, College Station, TX, USA).

In silico replication in CARDIGRAMplusC4D

We performed @ silico replication of the single variant
(rs4149313) that showed evidence of association in both STR
and ULSAM in a meta-analysis of 40 independent studies from
the CARDIOGRAMplusC4D consortium. This effort combined
GWAS and Metabochip studies of European and South Asian
descent[19]. After excluding STR and ULSAM (as being part of
our discovery and first replication stages), as well as three studies
with individuals of South Asian descent, we included 173,975
individuals in this meta-analysis using fixed-effect models. All cases
were identified as have symptomatic coronary artery disease
(CAD), including MI, angina pectoris, history of percutaneous
transluminal coronary angioplasty (PTCA) or coronary artery
bypass graft surgery (CABG). Since rs4149313 was not available in
the all studies of CARDIoGRAMplusC4D consortium, a proxy in
perfect LD (rs4149311; r2=1.0) was used instead for these
analyses. All analyses were done using statistical software package
STATA 11.2 (StataCorp, College Station, TX, USA).

Results

Baseline characteristics of present study

The clinical characteristics at the time of DNA collection of the
study samples are presented in Table 1. In STR, 397 individuals
developed a first MI during their entire life course. The unadjusted
incidence rate was 2.4 cases/ 1,000 person-years at risk during the
entire life course, and 11.0 cases/1,000 person-years at risk after
blood draw. In comparison, 221 individuals developed a first MI
in ULSAM. The unadjusted incidence rate was 3.0 cases/1,000
person-years at risk during the entire life course, and 10.8 cases/
1,000 person-years at risk after blood draw.

Lipid Variants and Incident Myocardial Infarction

Associations of lipid-related SNPs with Ml incidence

There were 10 SNPs that reached a nominal P-value of 0.01 or
less for association with MI incidence in age- and sex-adjusted Cox
models (Table 2, left panel) in STR. These SNPs were located
in or near CELSR2/SORTI, SREBFI, ABCAI, APOAl1/APOCS/
APOAS, SCARBland LRPI. The hazard ratios ranged from 0.79—
0.81 and 1.20-1.40 per additional minor allele. None of the
associations remained statistically significant after correcting for
multiple testing using bootstrap re-sampling.

Of the 10 SNPs taken forward to replication in ULSAM, nine
were successfully genotyped and passed our QC criteria. Of these,
ABCAI rs4149313 demonstrated association with MI incidence in
both study samples (Table 2). Each copy of the increasing effect
allele of rs4149313 increased the risk of MI with 40% in ULSAM,
and 36% in STR. Kaplan-Meier survival analysis for rs4149313
and MI showed that MI survival started to differ at age 70 in both
STR (Figure 1A) and ULSAM (Figure 1B), indicating that the
rs4149313 variant may predispose for MI later in life. The
proportional hazard function for rs4149313 and MI association
was fulfilled in both STR and ULSAM (P-values 0.821 and 0.651,
respectively).

After multiple testing corrections, the association between
rs4149313 and MI incidence in ULSAM was not statistically
significant (P-value, 0.135). To provide further evidence of an
association with CAD, we performed i silico replication in a fixed-
effects meta-analysis including 173,975 individuals of European
descent from the CARDIoGRAMplusC4D consortium, where a
SNP (rs4149311) in perfect LD with our lead SNP (rs4149313)
showed the same effect direction with nominal significance
(Figure 2; OR, 1.03; CI, 1.00-1.06; P-value 0.048).

Additional analyses
We took into account the relatedness within each twin pair by
fitting Cox models with shared frailty in STR. The estimates were

broadly similar but had larger standard errors. (Supplementary
Table 2 in File S1).

Table 1. Clinical characteristics of the study samples at time of DNA collection®.

Clinical characteristics

STR (n=2,602) ULSAM (n=1,142)

AgeB, years

Women, %

Systolic blood pressure, mmHg

Diastolic blood pressure, mmHg
Anti-hypertensive medication, %

Lipid medication, %

Pulse rate, beats/min

Body mass index, kg/m?

Waist/hip ratio

Total cholesterol, mmol/L

High-density lipoprotein cholesterol, mmol/L
Low-density lipoprotein cholesterol, mmol/L
Triglycerides, mmol/L

Current smokers, %

Diabetes, %

75*10 71%1
57 0
15425 146+19
84+12 84+9
36.9 34.6

1.8 9.6
71£12 65+9
25.1+6.2 26.3+34
0.9%0.1 0.9£0.1
6.1+x14 58*1.0
14*04 1.3+04
3.8*x1.1 3.9%+09
1.7+09 1.4+0.38
7.4 18.0

6.3 14.4

“Data are means *+ standard deviations or percentages;
PAge here refers to the age when the DNA samples.
doi:10.1371/journal.pone.0060454.t001
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Table 2. Associations of genetic loci with Ml in primary and replication analyses.

STR (n=2,602) ULSAM (n=1,142)

SNP* Nearest gene Alleles® HR 95% Cl P-value HR 95% Cl P-value
rs4970834 CELSR2" A/G 1.30 1.11, 1.52 0.001 0.97 0.74, 1.27 0.818
rs9899634° SREBF1 T/A 0.79 0.68, 0.93 0.003 0.96 0.78, 1.18 0.722
rs4149313 ABCA1 G/A 1.36 1.10, 1.67 0.004 1.40 1.07, 1.83 0.015
rs602633 SORT1Y A/C 1.25 1.07, 1.47 0.005 0.94 0.75, 1.17 0.573
rs838900 SCARB1 G/A 1.40 1.10, 1.78 0.007 1.22 0.85, 1.74 0.281
rs3183702° SREBF1 A/G 0.81 0.69, 0.94 0.007 0.99 0.81, 1.22 0.941
rs5090° APOA4" C/G 1.40 1.09, 1.80 0.009 NA NA NA
rs646776 CELSR" G/A 1.23 1.05, 1.44 0.010 0.97 0.78, 1.22 0.810
rs611917 CELSRY G/A 1.20 1.05, 1.39 0.010 0.91 0.74, 1.12 0.373
rs11172106" LRP1 G/C 1.21 1.05, 1.39 0.010 1.10 0.91, 1.33 0.306

“Only SNPs associated with MI with a nominal P<<0.01 in STR are presented. Data are hazard ratios with 95% confidence intervals and P-values from Cox proportional
hazards regression models using age as time scale and study entry at age 18, adjusting for sex. The effect allele was defined as the minor allele in our study.
PProxies rs2236513, rs4759275, and rs8066560 were used instead of lead SNPs rs3183702, rs11172106 and rs9899634, respectively in ULSAM (r>=1, 0.84 and 1) in all the

results from the replication study.

5rs5090 was not successfully genotyped in ULSAM.
“Alleles are presented as effect/other alleles.

doi:10.1371/journal.pone.0060454.t002

Furthermore, in sensitivity analyses to exclude survival bias or
left truncation of data as an explanation of our findings, we
examined the associations in models with time at DNA collection
as entry into the study. For these analyses, the median follow-up
times were 9.0 years (249 events) in STR, and 11.3 years (122
events) in ULSAM. Due to fewer events and lower statistical
power in these analyses, the confidence intervals were wider, and
the association of ABCAI rs4149313 with incident MI was not
statistically significant in STR, whereas it remained significant in
ULSAM (HR, 1.11 and 1.56; 95% CI 0.84-1.47 and 1.10-2.23;
P-value=0.46 and 0.0l in STR and ULSAM, respectively)
(Supplementary Table 3 in File S1).

The sex-specific analysis in STR showed that rs4149313 was
significantly associated with MI in men (HR =1.40, CI: 1.07, 1.83,
p=0.014); but not in women (HR=1.28, CI. 0.92, 1.77,
p=0.137; Supplementary Table 4 in File S1). Associations
between the 10 SNPs associated with MI and circulating lipid
levels were also analyzed. None of the associations between SNPs
and circulating lipid levels were consistently significant in both
STR and ULSAM (Supplementary Table 5 in File S1).

ABCAI is a long gene, in which there were 47 SNPs genotyped
(Supplementary Table 1 in File S1). Including rs4149313, there
were 4 SNPs associated with MI at a nominally significant level
(<0.05): rs4149313 (HR 1.36, P-value 0.004), rs2575879 (HR
1.19, P-value 0.014), rs2740487 (HR 1.16, P-value 0.034),
rs10820743 (HR 0.85, P-value 0.045). As only rs4149313 among
these four SNPs reached the threshold (nominal p<<0.01) for
further replication and additional analyses, we choose to bring
only this variant forward. However, all of the four SNPs are
potentially associated with MI, and further studies with larger
sample sizes could be performed to investigate this possibility.

Discussion

In the present study, we examined potential associations
between 554 SNPs in 41 candidate gene regions proposed to be
involved in lipid metabolism and MI incidence. We observed low
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YCELSR2 and SORTT1 reside in a cluster consisting of CELSR2/PSRC1/SORT1; APOA4 resides in a cluster of apolipoproteins APOA5/APOA4/APOC3/APOAT.

Abbreviations: SNP, single nucleotide polymorphism; HR, hazard ratio; Cl, confidence interval.

nominal P-values (less than 0.01) for 10 genetic polymorphisms in
our discovery sample. One of these associations, rs4149313 in the
ABCAI region, was consistent in two cohorts and one meta-
analysis of studies from CARDIoGRAMplusC4D consortium
including 177,719 European individuals in total.

ABCAI, which is located on chromosome 9q31.1, codes for a
cellular phospholipid and cholesterol transporter that mediates the
formation of nascent HDL particles. This gene has an important
role in HDL metabolism and certain mutations could lead to
Tangier disease [16]. rs4149313 is a non-synonymous SNP located
in exon 18 of ABCAI, which encodes an amino acid substitution,
Tle>Met (Ile883Met). 1le883Met is located at N-terminal of the
first nucleotide-binding motif, suggesting its potential function on
formatting stable structure of ATP-binding cassette. In witro
experiments showed that cholesterol efflux in transfected 293 cells
with the I883M wvariant significantly differed from wild-type
cells[20], which supports the biological functionality of this
variant. Furthermore, this variant is conserved in different species,
including zebra fish, western clawed frog, chicken, common
turkey, mouse, rat, guinea pig, dog, bovine, pig, and lowland
gorilla[21]. The conservation of this variant also indicates its
importance, as well as offers opportunities for functional studies of
rs4149313 in different model animals. As rs4149313 is situated in
a tight LD block in ABCAI (Figure 3), further fine-mapping using
a re-sequencing approach target on rare causal variants in the
region may also prove useful to further understand the role of
ABCAI in MI development.

The analyses in STR showed that the minor allele of rs4149313
increased risk of MI in Swedish populations while not being
associated with circulating HDL levels. This finding is in line with
a prior study by Frikke-Schmidt and colleagues[22] in a Danish
population. The recent study from the Global Lipids Genetics
Consortium [3] showed that the same allele that increased risk of
MI/CAD in our study and in the prior Danish study also increase
HDL and total cholesterol levels. This may seem conflicting, but
recent Mendelian randomization studies[23,24] have indicated
that plasma HDL cholesterol levels may not be a causal factor for
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Figure 1. Kaplan-Meier survival function for rs4149313 and survival of Ml in STR (A) and ULSAM (B). Survival function of MI for
individuals having no (A/A; blue line); one (A/G; red line) or two (G/G; green line) risk alleles at ABCAT rs4149313 locus.

doi:10.1371/journal.pone.0060454.g001

CAD. Also, the majority of variants previously reported to be
associated with both HDL and CAD have pleiotropic effects[3].
For example, CETP variants are associated with decreasing plasma
HDL and increasing LDL levels[25,26]. Considering that ABCA!
rs4149313 is also related with increasing total cholesterol level, it
could affect CAD due to pleiotropic effects on other lipid fractions
than HDL.

Several lipid-related loci have been identified in recent GWAS
studies on MI/CAD, but cannot be replicated in our discovery
study sample, for example, the LDLR and PCSKY loci[3,27]. The
reason for this is that the effect of genetic loci 1s small, and that our
discovery sample size is modest, leading to low statistical power.

PLOS ONE | www.plosone.org

This illustrates the need for great caution when interpreting our
negative results, as larger samples are needed to refuse associa-
tions.

We report evidence of a weak association between the ABCAI
locus and MI across three independent study samples including
one meta-analysis of GWAS. The minor allele was associated with
~40% increased risk of incident MI during follow-up in two
longitudinal cohorts while 3% increased odds in the CARDIo-
GRAMplusC4D consortium. This difference in effect sizes could
reflect inflated effect estimates in the discovery sample (Winner’s
curse) or some degree of between-study heterogeneity for example
due to differences in study design, age groups or ethnicity. In a
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Figure 2. Forest plot for independent replication of association between rs4149313 and CAD in CARDIoGRAMplusC4D. Fixed-effect
meta-analysis was applied for effect of rs4149313 on CAD in CARDIoGRAMplusC4D consortium. The diamond in the bottom represents the

confidence interval of this independent replication.
doi:10.1371/journal.pone.0060454.g002

sensitivity analysis, we rerun association analyses of rs4149313 and
coronary heart disease (including also unstable angina, percuta-
neous transluminal coronary angioplasty and coronary artery
bypass graft surgery in the endpoint definition) in our discovery
sample, STR. These analyses were very similar to our main
analyses in STR (HR, 1.41; 95% CI, 1.15-1.72). Since the
association between ABCAI rs4149313 and CAD showed such a
weak effect (OR, 1.03) and just barely nominal significance
(p=0.048), we cannot not entirely rule out the possibility for this
finding to be a false positive. However, as rs4149313 is a missense
variant predicted to be potentially functional and given our two-
stage replication design with consistent findings (albeit decreasing
effect sizes), we believe our finding to be of interest and likely a
true positive.

In Sweden, all medical care is publically funded and available to
all citizens, thus all in-patient care, medication and death
information can be easily followed through national registries. In
the present study, we decided to investigate the first incident MI
through participants’ entire life course via combining information
from the Swedish national registries with information from
questionnaires and blood sampling results in our studies.

PLOS ONE | www.plosone.org

Therefore, we could include cases even before those individuals
participated in STR or ULSAM which increased power of the
present study, and avoided recall bias from self-reporting of
disease. However, as the Swedish Patient Register was not
completely introduced nationally until 1987, those who had their
first incident MI before 1987 would be missed if MI was never
recurrent again. Since MI is a disease developed across a long
period, occurring during old age and repeatedly, we consider the
use of age 18 as the entry age as a proper way to deal with our data
maximizing the statistical power. In additional sensitivity analyses,
the association of rs4149313 with incident MI was weaker when
using blood drawing time as entering of follow up. This could be
due to a potential survival bias caused by those whose first MI
incidence occurred before 1987, or due to decreased power by
losing 37% of the cases compared to our main analysis. Individuals
experiencing fatal MI cases before baseline could for natural
reasons not enter our study. The potential survival bias introduced
by such early onset fatal cases could potentially decrease the effect
size of our findings, and drive them towards the null.

The strengths of present study include the use of two cohorts
and one meta-analysis of GWAS, which allowed independent
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are shown below the plots. Plots were generated using SNAP (http://www.broadinstitute.org/mpg/snap/ldplot.php. Accessed 2013 Mar 1.) and based

on HapMap CEU release 22, NCBI B36 assembly, dbSNP build 126.
doi:10.1371/journal.pone.0060454.9003

replication; a large number of genetic loci studied in relevant gene
regions and the stringent criteria for claiming association. There
are also some limitations of our study. First, statistical power in our
discovery sample and longitudinal replication sample was fairly
low, which resulted in a non-significant association of ABCAI
rs4149313 with MI in STR and ULSAM after correction for
multiple testing. Nevertheless, this association is replicated in two
other independent study samples. The modest statistical power
also means that several of our findings in the discovery sample that
could not replicated could represent true associations with MI, and
may merit further exploration in future studies. Second, candidate
genes 1n this study were selected based on publications between
2003 to 2008 (largely before the GWAS era), and hence, many
lipid-related loci that have been identified in later GWAS are not
included in this study. Effects of such lipid loci on CHD would
have to be explored in future studies. Third, since our study
populations consisted of middle-aged to elderly individuals of
European decent, the generalizability of our findings to younger
individuals and other ethnicities is unknown.

Conclusion

In conclusion, after investigation of genetic variation in genes
from lipid-related pathways in two population-based cohorts and a

PLOS ONE | www.plosone.org

meta-analysis of 173,975 individuals, we report ABCAI rs4149313
to be weakly associated with incidence of MI and risk of
symptomatic CAD.
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