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Abstract

Background and aims—TFetuin-A has a plausible role in the inhibition of arterial calcification,
but its association with risk of coronary heart disease (CHD) in the general population is unclear.
We used two common genetic variants in the fetuin-A gene (AHSG) that are strongly associated
with circulating fetuin-A levels to investigate the associations with risk of CHD and subclinical
cardiovascular measures (intima- media thickness, ankle-arm index, and coronary artery
calcification).

Methods—Genetic variation and fetuin-A levels were assessed in 3,299 community-living
individuals (2,733 Caucasians and 566 African Americans) 65 years of age or older, free of
previous cardiovascular disease, who participated in the Cardiovascular Health Study (CHS) in
1992- 1993.

Results—Among Caucasians, both rs2248690 and rs4917 were associated with 12% lower
fetuin-A concentrations per minor allele (P<0.0001). The hazard ratios (HRs) per minor allele for
incident CHD were 1.12 (95% CI: 1.00— 1.26) for rs2248690 and 1.02 (0.91- 1.14) for rs4917.
Using both genotypes as an instrumental variable for measured fetuin-A, the HRs for one standard
deviation increase in genetically determined fetuin-A levels on CHD risk were 0.84 (95% ClI:
0.70- 1.00) for rs2248690 and 0.97 (95% CI: 0.82— 1.14) for rs4917, respectively. However, in
CHS neither of the genotypes were associated with subclinical cardiovascular measures and when
CHS data were meta-analyzed with data from six other prospective studies (totaling 26,702
Caucasian participants and 3,295 CHD cases), the meta-analyzed HRs for incident CHD were 1.12
(0.93- 1.34) and 1.06 (0.93- 1.20) for rs2248690 and rs4917, respectively (p heterogeneity 0.005
and 0.0048).

Conclusion—Common variants in the AHSG gene are strongly associated with fetuin-A levels,
but their concurrent association with CHD risk in current prospective studies is inconsistent.
Further investigation in studies with measured fetuin-A and AHSG variants is needed to clarify the
potential causal association of fetuin-A with CHD risk.

Keywords

Fetuin-A,; single nucleotide polymorphisms; coronary heart disease; Mendelian randomization;
meta-analysis

INTRODUCTION

Fetuin-A, also known as a-Heremans- Schmid glycoprotein (AHSG), is synthesized and
secreted from the liver and is found in the extracellular space throughout the body.! Its main
function is thought to be regulation of osseous and vascular calcification by transient
formation of soluble colloidal spheres containing fetuin-A, calcium, and phosphate that
prevent hydroxyapatite crystallization.? In addition to its function as an inhibitor of arterial
calcification, fetuin-A binds the insulin receptor tyrosine kinase in peripheral tissues,
thereby inhibiting the insulin- induced intracellular signal cascade.3 4 Consequently, higher
levels of fetuin-A are associated with higher triglycerides, LDL cholesterol, body mass
index, insulin resistance, and incident type 2 diabetes.>2
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The association of fetuin-A with cardiovascular disease (CVD) has not been well studied in
general population samples. Only a few population-based studies have investigated the
association of circulating fetuin-A levels and risk of CVD prospectively, and the results
have been conflicting.10-13 Recently, we reported that higher fetuin-A levels were
associated with lower risk of CVD among participants without type 2 diabetes, whereas the
association of fetuin-A levels trended in opposite direction among participants with type 2
diabetes.10 Similar to these findings, in the Rancho-Bernardo Study, higher fetuin-A levels
were associated with lower risk of CVD death in participants without type 2 diabetes.1! In
the Nurses™ Health Study, higher fetuin-A levels were only associated with lower risk of
CHD among women with high C-reactive protein levels.12

However, contradictory to these previous findings, the EPIC-Potsdam Study reported a
strong and direct association between higher fetuin-A levels and increased risk of
myocardial infarction (MI) and stroke.13 They also assessed the association of common
genetic variants in the AHSG gene with fetuin-A levels and risk of CVD and reported that
single nucleotide polymorphisms (SNPs) associated with lower fetuin-A were concomitantly
associated with lower risk of CVD.14 Since the EPIC- Potsdam study was limited in sample
size and the reported an association was in opposite direction compared to previous studies,
the main aim of the present study was to address the potential causal role of fetuin-A in
relation to risk of CVD using data from the Cardiovascular Health Study (CHS) with
supporting genetic information from six other cohort studies.

CHS has measured plasma fetuin-A levels, common genetic variants in the fetuin-A gene
(AHSG), subclinical measures of CVD, and clinical CVD events during two decades of
follow-up. We used two SNPs from the AHSG gene (rs2248690 and rs4917) that are known
as uniquely strong instruments for circulating fetuin-A levels due to their direct regulatory
role in AHSG protein transcription,® 14-18 and resulting strong associations with fetuin-A
levels. To maximize statistical power, we additionally meta-analyzed the association of
these two common variants and risk of coronary heart disease (CHD) based on current
genome-wide association studies in the prospective CHARGE (Cohorts for Heart and Aging
Research in Genome Epidemiology) Consortium, the Nurses’ Health Study (NHS), and the
Health Professionals Follow-Up Study (HPFS).

METHODS

Study population

The Cardiovascular Health Study (CHS) is a population-based longitudinal study of older
adults designed to evaluate risk factors for development and progression of cardiovascular
disease. A total of 5,201 men and women 65 years or older were recruited from 4
communities between 1989 and 1990 using Medicare eligibility lists in each area
(Sacramento, California; Washington County, Maryland; Forsyth County, North Caroling;
and Allegheny County, Pennsylvania). Eligibility was limited to persons who were not
institutionalized and expected to remain in the area for at least 3 years after recruitment,
received no active cancer treatment and had the ability to provide informed consent without
a proxy. A second cohort of 687 participants (including mostly African Americans) was
recruited between 1992 and 1993 by similar methods. Details about the study have been
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published elsewhere.1® This study was approved by the Investigational Review Boards of
the four clinical sites, the University of California San Diego, and the Data Coordinating
Center at the University of Washington.

We considered the visit in 1992-1993 as the baseline study visit for our analyses (concurrent
with plasma fetuin-A measurement). Among the 5,265 participants who participated at this
visit, we excluded individuals who had not given consent for genetic analyses (n=270),
whose samples failed genotypic quality control (n=750), and those with insufficient blood
specimen for fetuin-A measurement (n=390). In the prospective analysis of incident CHD,
we also excluded participants with prevalent CVD (n=556), resulting in a study sample of
3,299 participants (2,733 Caucasians and 566 African Americans) for this analysis.

Plasma was collected at the 1992-1993 study visit after participants had fasted overnight
and was stored at =70 Celsius until 2010, when it was thawed and measured for fetuin-A
using an ELISA kit (Epitope Diagnostics, San Diego, CA). The assay uses a two-site
“sandwich” technique, with polyclonal antibodies that bind different epitopes of human
fetuin-A. Plasma samples were measured twice in each participant and results were
averaged. We observed coefficients of variation between 3.3 and 9.1%.

CHS is part of the National Heart, Lung, and Blood Institute- funded Candidate Gene
Association Resource (CARe) study.22 DNA was collected at baseline and genotyping was
performed using a gene-centric 50K single nucleotide polymorphism (SNP) array.2! This
genotyping array was designed to capture genetic variation at more than 2000 genetic loci of
relevance to a range of cardiovascular, metabolic, and inflammatory syndromes. At the time
of chip development, a multistage approach for SNP selection was taken for the selection of
SNPs within the candidate loci for the ITMAT/Broad/ CARE (IBC) array. For a given locus,
known or putative functional SNPs were included first and then additional tagging SNPs
were added to capture the known variation at the locus (with minor allele frequency (MAF)
>0.02 and r2 = 0.8). Priority was given to nonsynonymous and functional variants if
possible. This chip included 13 variants at the AHSG locus. We chose two common SNPs
(MAF > 25%) that are not in complete linkage disequilibrium (LD); rs4917 and rs2248690.
We previously found these two SNPs satisfy the three main criteria for Mendelian
randomization analysis; 1) they are strongly associated with fetuin-A levels, 2) they are not
associated with potential confounding factors, and 3) to the best of our knowledge, they
influence clinical outcome only through the specific intermediate biomarker (i.e. previous
GWAS studies have not reported that these SNPs have pleiotropic effects and influence
other pathways relevant for CVD).22 From the CARe project, principal components were
generated based on ancestry-related SNPs.

Cardiovascular outcomes

Between enrollment in the CHS study and 1998-1999, participants were seen in the clinic
annually, and contacted by phone at 6-month intervals to collect information about
hospitalizations and potential cardiovascular events. Subsequently, telephone calls occurred
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every 6 months. In our study, we primarily evaluated incident coronary heart disease (CHD),
defined as time to first myocardial infarction (MI) or CHD death. Secondarily, we also
evaluated a composite cardiovascular disease (CVVD) endpoint including M, stroke, and
CVD death. Hospital records of all potential events were obtained, and all events were
adjudicated by a CHS Events Committee. MI was indicated by symptoms of coronary
ischemia, elevated serum levels of troponin and cardiac enzymes, and specified
electrocardiographic changes.23 Stroke was adjudicated by a committee of neurologists,
neuroradiologists, and internists on the basis of interviews with the patients, medical
records, and brain imaging studies.?* Deaths were identified by a review of obituaries,
medical records, death certificates, and the Centers of Medicare and Medicaid Service health
care utilization data base for hospitalization, and from household contacts; 100% complete
follow-up for mortality status was achieved. Deaths from cardiovascular causes included
deaths by coronary heart disease, heart failure, peripheral vascular disease, or
cerebrovascular disease.2

Subclinical cardiovascular characteristics

At the 1992-1993 study visit (concurrent with plasma fetuin-A measurement), participants
underwent measurements of the intima media thickness (IMT) in the carotid arteries and
ankle-arm index (AAI). IMT was obtained by averaging multiple measurements of the
maximum common carotid artery IMT and maximum internal carotid artery IMT on both
the left and right sides after standardization (subtraction of the mean and division by the
standard deviation for the measurement) using high-resolution B-mode ultrasonography
(model SSA-270A; Toshiba, America Medical Systems).26: 27

Trained technicians measured duplicate resting measurements of blood pressure among
participants according to standard protocol. The AAI was calculated as the lower of the ratio
of the average of two blood pressure measurements in each lower extremity. Methods of
measurements and quality control have been published previously.28

A total of 614 participants from Pittsburgh, Pennsylvania, also underwent electron beam
computed tomography to assess coronary artery calcification (CAC) approximately 6 years
after plasma fetuin-A measurement (between 1998 and 2000). CAC was assessed using an
Imatron C-150 EBT scanner and the Agatston scoring method, as described previously.1’

Other characteristics

Information on sociodemographics, lifestyle factors, medication use, and medical history
was obtained by self-report. Responses to questions related to smoking were categorized as
current, previous, or never smoking. Leisure physical activity was calculated as the weighted
sum of kilocalories consumed in 15 physical activities.2® Education was dichotomized as
less or more than high school education. Participants were classified according to alcohol
consumption as abstainers or not.

The clinical examination was conducted by trained personnel and included standardized
assessment of blood pressure, weight, and height. Height was measured to the nearest
centimeter using a stadiometer, and weight was measured using a balance beam scale in
pounds with participants wearing examination gowns and no shoes. Body mass index (BMI)
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was computed as weight (in kilograms) divided by the squared value of height (in meters).
Hypertension was defined as systolic blood pressure > 140 mmHg, or diastolic blood
pressure > 90 mmHg, or medical treatment for hypertension.

A fasting serum sample was drawn from each participant, and laboratory measurements
included LDL and HDL cholesterol, triglycerides, cystatin-C, C-reactive protein, and
glucose). Participants were classified as having type 2 diabetes mellitus if fasting glucose
was = 126 mg/dL, or if individuals used insulin or oral hypoglycemic agents. Insulin
resistance was assessed by the homeostasis model assessment for insulin resistance
(HOMA-IR) method in participants without a history of diabetes mellitus. Estimated
glomerular filtration rate (eGFR) was calculated using the equation eGFR= 76.7 x cystatin C
(mg/L)~119, Quality control procedures, laboratory methods, and procedures for blood
pressure measurements have been published previously.30

Replication cohorts

Data on the association of rs4917 and rs2248690 with risk of incident CHD were available
in current genome-wide association studies. From the CHARGE (Cohorts for Heart and
Aging Research in Genome Epidemiology) Consortium, information was gathered from 4
population-based studies of Caucasians in addition to CHS: Atherosclerosis Risk in
Communities Study (ARIC), the Age, Gene Environment Susceptibility Reykjavik Study
(AGES), the Rotterdam Study (RS), and the Framingham Heart Study. We also had access
to genome-wide data (Affymetrix 6.0) and risk of CHD in nested case-controls studies of the
Nurses™ Health Study (NHS) and the Health Professionals Follow-Up Study (HPFS).3!
Local ethical committees at each institution approved the individual study protocols.

Statistical analysis

AHSG genetic variants and risk of CHD in the Cardiovascular Health Study—
We used means and proportions of the demographics, cardiovascular risk factors and
subclinical cardiovascular disease to describe the CHS population according to the two
AHSG genetic variants. For the baseline characteristics, we also modelled the additive
effects (per minor allele) and estimated the p for trend. All subsequent analyses were
performed separately for Caucasians and African American participants. We assessed the
genotype and MAF for the genetic variants and tested Hardy-Weinberg equilibrium. As
reported,?? the pairwise linkage disequilibrium between rs2248690 and rs4917 was 0.91 in
Caucasian and 0.53 in African Americans as measured by D*; r2 was 0.57 and 0.27,
respectively.

Among participants free of CVD at baseline, we used Cox proportional hazard models
adjusted for age, sex, and field center site to examine the prospective association between
the genotypes and subsequent risk of CHD. We calculated hazard ratios (HRs) with 95 %
confidence intervals. Follow- up was continued through 30 June 2009. We conducted
several stratified analyses to assess whether the association of genotypes per minor allele
copy and risk of CHD could be modified by other factors. Thus, we investigated the
potential effect modification by sex, age (dichotomized at 75 years), BMI (dichotomized at
30 kg/m?), type 2 diabetes mellitus, and HOMA-IR (dichotomized at 2.2 units) among the
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subgroup of participants without type 2 diabetes. We also formally tested the homogeneity
of stratum-specific relative risks. For these tests of interaction, we modeled genotype per
additional minor allele. We tested the proportionality of hazards using Schoenfeld residuals,
and there was no appreciable evidence of violations of the proportionality assumption.

Using AHSG variants as an instrumental variable in analysis of fetuin-A and
CHD-risk in the Cardiovascular Health Study—Evidence for a causal role of plasma
fetuin-A in the pathophysiology of CHD can be assessed by applying the concept of
Mendelian randomization. The application of the Mendelian randomization approach relies
on the appropriate selection of genotypes as instruments for the intermediate biomarker.32
The Mendelian randomization approach assumes that any factor that possibly confounds a
true association between an intermediate phenotype (i.e. Fetuin-A) and a disease (i.e. CHD)
is distributed evenly among those who carry and those who do not carry a predisposing
genotype for the intermediate phenotype. Therefore, the disease risk among those carrying
an allele that exposes individuals to long-term higher or lower circulating fetuin-A should
correspond proportionally to the difference in circulating fetuin-A levels that can be
attributed to the genetic variant.

Using CHS data, where we had information about plasma fetuin-A levels, common genetic
variants in the AHSG gene, and CHD events registered during follow-up among the
participants, we examined the estimated causative effect of fetuin-A on CHD risk using the
genotypes as instrumental variables. As a first step, we explored if these two SNPs were
associated with any of the potential confounders in Tablel, and found no statistical evidence
for strong associations. Next, we estimated mean fetuin-A concentrations across genotypes
and per minor allele copy using linear regression models adjusted for age, sex, and field
center site. In this step we also assessed the strength of our instrumental variables estimating
the first stage F statistic. Finally, the predicted values and residuals from the previous step
were modeled using Cox regression with CHD as the outcome.33 The strength of association
per 1-SD higher genetically elevated fetuin-A level was estimated by using rs4917 and
rs2248690 as instruments, respectively, adjusted for age, sex, race, and field center. We
assumed an additive genetic model (i.e. fetuin-A concentration decreasing linearly with each
additional minor allele of the genotypes).

AHSG variants and subclinical cardiovascular disease in the Cardiovascular
Health Study—We also investigated the effects of genetically elevated fetuin-A levels on
subclinical measures of CVD (IMT, AAl, and CAC) using the genotypes as instrumental
variables. For these analyses, we used a two-stage least squares approach to estimate the
mean difference in IMT, AAI, and CAC per 1 SD difference in genetically predicted fetuin-
A concentrations, respectively.34

Sensitivity analyses—To address the robustness of our findings and to gain more
statistical power we a) added incident cases of stroke to use the composite CVD endpoint
and b) analyzed the association of genotypes with both prevalent cases and incident cases of
CVD combined using logistic regression models.
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In another set of sensitivity analysis, we repeated the analyses with adjustment for
population stratification by including the top 10 principal components as covariates.

Meta-analysis of AHSG variants in relation to risk of CHD—Information on the
association of the two SNPs with risk of CHD was pulled from genome wide association
analyses of incident CHD that have already been conducted within the CHARGE
consortium, which included the Caucasian participants of CHS, and the NHS and HPFS
studies. We pooled effect estimates using random effects meta-analysis (using metan
command in STATA), and examined the potential influence of age of the study participants
on the size of the effect estimate using meta-regression analysis (using metareg command in
STATA).

P values < 0.05 were considered statistically significant for all analyses including interaction
terms. All statistical analyses were conducted using Stata (version 10.1 for windows,
STATA Corp).

Baseline characteristic in the Cardiovascular Health Study

The mean age of the 3,299 CHS study participants was 74.7+ 5.2 year, 60.9 % were female,
17.2 % were African American, and 15.5 % had prevalent diabetes. The mean plasma
fetuin-A concentration was 0.47+ 0.10 mg/L. For rs4917, the minor allele frequencies
(MAF) were 32.5% and 25.1% among Caucasians and African Americans, respectively. For
rs2248690, the MAFs were 24.8% and 26.2% among Caucasians and African Americans,
respectively. For the analyzed SNPs, we observed no deviations from Hardy-Weinberg
equilibrium among Caucasians or African Americans (p> 0.05).

Table 1 displays the characteristics of the study population according to the AHSG
genotypes rs4917 and rs2248690, respectively. Genotypes were not strongly associated with
any of the potential confounders in Table 1 (p> 0.05). Furthermore, the SNPs were not
associated with any of the subclinical cardiovascular measurements in unadjusted analysis
(p> 0.05).

Both common genetic variants of AHSG genotype were strongly associated with lower mean
fetuin-A concentrations among Caucasians and African Americans. Carriers of the minor
alleles for rs4917 (T) had lower fetuin-A concentrations (-0.06 g/L [12%] £ 0.002 per minor
allele in Caucasians, P additive=6.4E-162, and —0.04 g/L [8%] % 0.006 in African
Americans, P additive= 3.5E-16). Carriers of the rs2248690 T allele also had lower fetuin-A
concentrations (—0.06 g/L £ 0.003 in Caucasians, P=3.2E-121, and —0.03 g/L + 0.006 in
African Americans, P=3.3E-10).

AHSG and risk of CHD in the Cardiovascular Health Study

Among the 3,299 CHS participants free of CVD at baseline, a total of 862 developed
incident CHD during a median follow-up of 10.8 years (interquartile range, 5.6-16.2 years).
As shown in Table 2, we found borderline associations between the AHSG genotypes and
risk of CHD after adjustment for age, sex, race, and field center. For rs2248690, each
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additional copy of the minor allele was associated with a slightly elevated risk of CHD
among Caucasians (HR 1.12, 95% ClI: 1.00-1.26, p=0.05), but not in the smaller African
American sample (HR 0.98, 95% CI: 0.74-1.29, p=0.87). The risk of CHD per additional
copy of the rs4917 minor allele was HR 1.02 (95% CI: 0.91- 1.14, p=0.73) in Caucasians
and HR 0.88 (95% CI: 0.67- 1.17, p=0.39) in African Americans.

Previous reports have observed that the direction of association of plasma fetuin-A levels
with risk of CHD differed by diabetes, however we did not observe that the association
between AHSG SNPs with risk of CHD differed by diabetes status. The risks of CHD per
additional copy of rs2248690 minor allele were HR 1.10 (95% CI: 0.98- 1.24, p=0.11) in
participants without type 2 diabetes and HR 1.06 (95% CI: 0.83- 1.36, p=0.64) in
participants with type 2 diabetes, respectively (P for interaction 0.74). Similarly, the
estimates per additional copy of rs4917 were HR 0.99 (95% CI: 0.88- 1.11, p=0.84) in non-
diabetic individuals and HR 0.99 (95% CI: 0.78- 1.26, p=0.96) in diabetic individuals (p for
interaction 0.88). Also, we found no statistical evidence for any effect modification when
stratifying on sex, age, HOMA-IR, or BMI (p values all > 0.05).

Mendelian Randomization analyses in the Cardiovascular Health Study

We used rs4917 and rs2248690 as instrumental variables to estimate the causal effect of
fetuin-A levels with CHD risk (Table 2). Among Caucasians, a standard deviation increment
in genetically predicted fetuin-A concentration was associated with a HR of 0.84 (95% ClI:
0.70-1.00, p=0.05) for rs2248690 and HR of 0.97 (95% CI: 0.82-1.14, p=0.72) for rs4917,
respectively. The AHSG SNPs, rs4917 and rs2248690 variation appeared to be have more
than sufficient instrumental strength with first stage F statistic >100 among Caucasians to
avoid the problem of so-called weak instruments. However, the instrumental strength among
African Americans was far weaker with first stage F statistic between 6 and 10.

We did not find any evidence for an association of fetuin-A and subclinical cardiovascular
measures or an effect of genetically elevated fetuin-A on subclinical cardiovascular
measures using the genotypes as instrumental variables (p values all > 0.05) (Table 3).

Sensitivity analyses in the Cardiovascular Health Study

The observed associations yielded results that were essentially the same when 388 additional
stroke cases were added to the composite CVD endpoint (e-table 1). Including prevalent
CVD cases in addition to incident CHD as the outcome of interest the associations remained
unchanged (data not shown). Inclusion of the top 10 principal components as covariates in
our analyses, capturing potential confounding by population stratification, also did not
change the results (data not shown).

Meta-analyses of AHSG variants and CHD

In a cumulative meta-analysis that included 26,702 Caucasians participants from the
CHARGE Consortium, NHS, and HPFS, with a total of 3,295 incident cases, rs2248690 and
rs4917 were not statistically significantly associated with the risk of CHD (figure 1A and
1B). We observed between-study heterogeneity for both SNPs (p=0.005 for rs2248690 and
p=0.048 for rs4917) and the pooled random effects estimates per additional copy of the
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minor alleles were 1.12 (95% CI: 0.93- 1.34, p=0.23) for rs2248690 and 1.06 (95% CI:
0.93- 1.20, p=0.37) for rs4917. The effect-sizes were generally largest in the youngest
cohorts and tended to diminish with age, however in meta-regression analysis, mean age of
study population was not a statistically significant moderator of the study effect sizes
(p=0.40).

DISCUSSION

In this large prospective cohort study of community- living older people, common genetic
variants in the AHSG gene were strongly associated with lower fetuin-A levels and a formal
instrumental variable analysis supported a borderline inverse association between plasma
fetuin-A levels and CHD. However, in a meta-analysis, using data from the CHARGE
consortium (which included the CHS study) in combination with data from the NHS and
HPFS, these common genetic variants in the AHSG gene were not statistically associated
with risk of CHD, although the hazard ratios were similar in both analyses. Overall, these
findings suggest that the association of fetuin-A with CHD-risk may require even larger
sample sizes to characterize accurately and leave open the possibility that the association of
fetuin-A with CHS may not be causal.

Atherosclerosis is characterized by accumulation of lipids, connective tissue and
inflammatory cells in the intima-media layer of the arterial wall. It is known to develop in
childhood and adolescence, and the progression from an early to an advanced stage is
modified by various factors.3®> Emerging evidence suggest involvement of the liver-secreted
glycoprotein fetuin-A in the development of vascular disease via two distinct effects.36: 37
First, fetuin-A reversibly binds the insulin receptor tyrosine kinase in peripheral tissues
leading to inhibition of the insulin-induced intracellular signal cascade.3 4 Consequently, in
humans, higher levels of fetuin-A have been associated with dyslipidemia and insulin
resistance, in addition to incident diabetes mellitus,>-° which are strong risk factors for
cardiovascular disease. Secondly, fetuin-A also solubilizes the calcium phosphate salt, and
thereby inhibits ectopic arterial calcification.2 Thus, naturally fetuin-A is expected to be a
protective factor against vascular calcification. Based on these findings of a dual role of
action, it has been hypothesized that fetuin-A is a harmful factor in early atherosclerosis due
to the adverse metabolic effects and insulin resistance, while fetuin-A might be a protective
factor in more advanced atherosclerosis with ectopic calcification.36 Furthermore, various
potential confounding and/or modifying factors such as the presence of diabetes mellitus,
renal dysfunction, drug interventions, and inflammation might also influence the association
of fetuin-A and vascular disease.36

The association of fetuin-A with risk of CVD has not been well-studied in general
population based studies, and existing reports have shown mixed results.1%-13 In a recent
nested case-control study from the Nurses™ Health Study, fetuin-A levels were not associated
with increased risk of CHD during 16 years of follow-up.12 However, fetuin-A levels were
associated with decreased risk of CHD among women with high C-reactive protein levels,
whereas no association was observed among the remainder of the women. In the Rancho-
Bernardo Study, among 1,700 community-living Caucasians with long-term follow-up, low
fetuin-A levels were associated with higher risk of CVD death in participants without type 2
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diabetes, whereas high fetuin-A levels were associated with higher risk of CVD death in
those with type 2 diabetes.!! Similar to these findings, we recently reported that the
association of fetuin-A with CVD risk in CHS was modified by type 2 diabetes.1? Higher
fetuin-A levels was associated with lower CVD risk among participants without type 2
diabetes (HR 0.93 (95% CI: 0.88- 0.99)), whereas a trend in the opposite direction was
observed among participants with type 2 diabetes (HR 1.07 (95% CI: 0.93- 1.22). Among
individuals without type 2 diabetes, similar effect modification was observed by obesity and
insulin resistance. Although there are several potential mechanisms, the nature of the
different directions of association of fetuin-A with CVD among individuals with or without
diabetes 2 diabetes or insulin resistance is not known. First, long duration of diabetes
mellitus is linked both to increased insulin resistance and accelerated vascular
calcification.3® Thus, it has been suggested that diabetes mellitus may mask the beneficial
effects of fetuin-A on vascular calcification. Moreover, the diabetes disease itself, diabetic
medication, and other metabolic abnormalities such as dyslipidemia, hypertension, and
obesity may modify the function or levels of fetuin-A.38 In the current study, we found no
evidence for effect modification by diabetes or insulin resistance measured as HOMA-IR
among participants without type 2 diabetes on the association of AHSG genotypes and risk
of CHD, but a larger sample size may be needed to address this issue definitively.

To the best of our knowledge, only the EPIC-Potsdam study investigated the potential causal
nature of the association of fetuin-A and CVD risk using the AHSG genotypes as
instrumental variables!# In contrast to our findings, the smaller EPIC-Potsdam nested case-
cohort study including 2,520 participants and 369 CVD cases, reported that elevated plasma
fetuin-A levels were associated with greater risk of M1 and ischemic stroke.12 Further, in
contrast to our findings they found that the rs4917 minor allele was associated with lower
risk of MI. The reasons for the discrepancy between the EPIC-Potsdam study and our study
are uncertain. Besides a considerably older age of CHS participants, other differences
between the studies are not obvious. One might speculate that the hypothesized dual roles of
fetuin-A may explain these seemingly contradictory findings. In the younger EPIC Potsdam
population, the influence of fetuin-A in promoting insulin resistance may predominate,
contributing to a greater risk of CVD. In the elderly CHS population which is more
susceptible to arterial calcification, fetuin-A might confer protection against CVD by
preferentially inhibiting calcification. In contrast, the meta-regression analysis did show a
tendency for decreasing study effect sizes of the rs2248690 variant with CHD risk with
greater mean age of the study population, and this does not explain why the observed
association in EPIC Potsdam is opposite in direction. Nevertheless, when combining our
results with 6 other prospective cohorts, the cumulative body of evidence appears to suggest
no consistent relationship of these AHSG SNPs (and by proxy, fetuin-A levels themselves)
with CHD. Moreover, the cross-sectional CARDIOGRAM (coronary artery disease genome
wide replication and meta-analysis), which represents a collaboration including data from
multiple large genetic studies to identify risk loci for CHD, reports no significant
associations of the AHSG SNPs rs4917 and rs2248690 and risk of CHD (http://
www.cardiogramplusc4d.org/). In the elderly CHS cohort, we also did not observe any
association between the AHSG SNPs and subclinical cardiovascular measures. However,
given that the majority of the CHS participants had documented prevalent coronary
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calcification; further investigations of these relationships might be more appropriately
conducted in younger populations.

Strengths of the present study included a large sample size, prospective design, long and
complete follow- up, and large number of CVVD events. However, our work also has
important limitations. CHS participants were older adults (mean age 74), and the risk of
CHD was relatively high among the participants. Thus, the CHS study might not be easily
comparable to other population-based studies with younger participants. Moreover, thus, our
study is not suited for assessing the role of fetuin-A in the earlier stage of atherosclerosis
and the absence of an association among older people in our study does not exclude a causal
association among younger people. One might speculate that individuals who carry the
major AHSG allelic variants, and thus have lived with elevated fetuin-A levels into older
age, may have developed compensatory mechanisms that buffer against the CHD-risk
associated with higher plasma fetuin-A concentrations. It is possible that it would take years
to develop feedback mechanisms that dampen the effect of continuously elevated fetuin-A
concentrations blunting an association between the studied genetic variants and CHD risk in
the elderly population in the CHS. We did not find any evidence of effect modification when
we stratified by younger than 75 years of age compared with older than 75 years of age to
explore the associations of the genetic variants with CHD risk. However, to test this
hypothesis formally, a study population with a larger distribution in age would be necessary.
Furthermore, fetuin-A level was only evaluated at the beginning of the follow-up, and
measured values may change during follow-up. Thus, we could not examine the possible
effects of time-dependent changes in fetuin-A level. These factors, however, should not
interfere with our analyses of genotype and risk of CVD. Finally, the analyses on African
Americans had less statistical power than the analyses on Caucasians.

CONCLUSION

Common genetic variants in the AHSG gene were strongly associated with lower fetuin-A
levels, but not consistently with risk of CHD in a pooled analysis of 7 large prospective
cohorts. Nevertheless, formal instrumental variable analysis from CHS, the study with the
largest number of incident CHD events with both measures of plasma fetuin-A and AHSG
genotypes, was suggestive of an inverse association between plasma fetuin-A and risk of
CHD. Thus, more investigations are warranted to further examine the potential causal
association of fetuin-A with CHD risk.
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Figure 1.

A- Meta-analysis for the association of rs2248690 with risk of CHD among Caucasians

B- Meta-analysis for the association of rs4917 with risk of CHD among Caucasians

HPFS; Health Professionals Follow-Up Study, NHS; Nurses ‘Health Study, CHARGE;
Cohorts for Heart and Aging Research in Genome Epidemiology including Cardiovascular
Health Study (CHS), Atherosclerosis Risk in Communities Study (ARIC), the Age, Gene
Environment Susceptibility Reykjavik Study (Ages), the Rotterdam Study (RS), and the
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Framingham Heart study. *The estimated hazard ratios are derived from random effects
meta-analyses in 7 prospective studies.
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Risk of CHD (MI/ CHD deaths) (HR with 95 % CIs) per minor allele of AHSG genotypes and per 1 SD

Table 2

difference in genetically predicted fetuin-A in CHS cohort.

Caucasians African Americans
CHS cohort
P P

Genotype n=2,733 n= 566

rs2248690 1.12 (1.00-1.26) 0.05 0.98 (0.74-1.29) 0.87
rs4917 1.02 (0.91-1.14) 0.73 0.88(0.67-1.17) 0.39
Genetically predicted fetuin-A  n=2,733 n= 566

rs2248690 0.84 (0.70-1.00) 0.05 1.06 (0.47-2.42) 0.89
rs4917 0.97 (0.82-1.14) 0.72 1.34(0.72-2.48) 0.36
Both variants 0.93(0.79-1.09) 035 1.26(0.70-2.28) 0.44
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Association of AHSG genotypes and risk of CHD was assessed by ordinary Cox— regression and association of genetically predicted fetuin-A and
risk of CHD was assessed by two-stage Cox-regression. All analyses were adjusted for age, sex, and clinic. Participants reporting previous CVD

were excluded from the analyses.
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