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The goal of this study was to evaluate the prospective association of fetuin-A levels with cardiovascular disease

Fetuin-A is a circulating inhibitor of calcium deposition in the vasculature and of insulin action in muscle and fat,

This is a population-based prospective study of 633 men and 1,025 women (median age = 73 years) who had

fetuin-A levels and CVD risk factors evaluated in 1992 to 1996 and were followed for vital status through 2010.

Objectives
(CVD) mortality.
Background
and may be involved in the pathogenesis of CVD.
Methods
Results

Plasma fetuin-A (g/l = SD) was highest in women using oral estrogens (0.55 * 0.12), intermediate for women

not using oral estrogens (0.51 = 0.10), and lowest for men (0.50 = 0.10), p < 0.001. Lower fetuin-A levels
were associated with older age, but with lower levels of other CVD risk factors including adiposity, blood pres-
sure, lipids, triglycerides, and insulin resistance (all p < 0.01). During the median 12-year follow-up, 273 deaths
were attributed to CVD. The association of fetuin-A with CVD mortality differed by diabetes status (p for interac-
tion = 0.003). Adjusting for age, sex, oral estrogens, and lifestyle, the hazard ratio for CVD mortality comparing the
lowest fetuin-A quartile with all higher values was 1.76 (95% confidence interval [Cl]: 1.34 to 2.31; p < 0.001) for
participants without diabetes and 0.43 (95% Cl: 0.19 to 0.98; p = 0.046) for participants with diabetes.

Conclusions

Low fetuin-A levels predicted greater risk for CVD mortality in older adults without diabetes, but were associated

with reduced risk of CVD death in those with diabetes. Fetuin-A may provide novel insight into mechanisms lead-

ing to CVD death in those with versus without diabetes.
American College of Cardiology Foundation

(J Am Coll Cardiol 2012;59:1688-96) © 2012 by the

Fetuin-A is a multifunctional liver-derived protein found in
high concentrations in human serum (1). Two of the
primary physiological functions of fetuin-A may be critically
important to cardiovascular health. First, fetuin-A acts as an

From the *Division of Epidemiology, Department of Family and Preventive Medi-
cine, University of California San Diego, La Jolla, California; tDivision of Preventive
Medicine, Department of Family and Preventive Medicine, University of California
San Diego, La Jolla, California; $Division of Cardiology, Department of Medicine,
University of California San Diego, La Jolla, California; §Nephrology Section,
Veterans Affairs San Diego Healthcare System, San Diego, California; and the
|Division of Nephrology, Department of Medicine, University of California San
Diego, La Jolla, California. This study was sponsored by a grant from the National
Heart, Lung, and Blood Institute (RO1HL096851) supporting Drs. Laughlin,
Wassel, and Ix. The Rancho Bernardo Study was funded by research grants
AGO028507 and AGO018339 from the National Institute on Aging and grant
DK31801 from the National Institute of Diabetes and Digestive and Kidney Diseases.
Drs. Laughlin and Daniels were also supported by grants from the American Heart
Association. All other authors have reported that they have no relationships relevant
to the contents of this paper to disclose. JoAnn Manson, MD, served as Guest Editor
for this paper.

Manuscript received September 20, 2011; revised manuscript received December
30, 2011, accepted January 6, 2012.

inhibitor of calcification by increasing the blood solubility of
calcium and phosphorus, and preventing spontaneous min-
eral precipitation in the vasculature (2,3). In end-stage renal
disease populations, lower plasma fetuin-A levels are asso-
ciated with greater prevalence and severity of vascular
calcification (4,5) and increased risk of cardiovascular dis-
ease (CVD) events and mortality (5-8), independent of
traditional CVD and kidney disease risk factors. Recent
evidence suggests that fetuin-A may also inhibit vascular
calcification in individuals with normal kidney function. We
and others demonstrated that lower fetuin-A levels are
independently correlated with coronary artery calcification
in older adults with normal kidney function and no known
CVD (9) and with cardiac valvular calcification in a cohort
with normal kidney function and prevalent CVD (10,11).
Fetuin-A also regulates insulin signaling. Only 2 proteins
are known to bind directly to the extracellular domain of
the insulin receptor—insulin and fetuin-A. Experimental
evidence indicates that fetuin-A binding inhibits the
insulin receptor tyrosine kinase (12) and induces insulin
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resistance in muscle and fat (13). In epidemiological
studies, higher fetuin-A levels are associated with insulin
resistance among individuals without diabetes (14-16) and
predict incident type 2 diabetes mellitus, independent of
other markers of insulin resistance (17,18).

These dual physiological roles of fetuin-A are evident in
fetuin-A knockout mice who are characterized by ectopic
calcification, but also display greater insulin sensitivity and
resistance to weight gain compared with their wild-type
littermates (19-21). Thus, fetuin-A sufficiency may be
necessary to prevent vascular calcification, but fetuin-A
excess may lead to insulin resistance and metabolic
dysregulation. In this study, we examined the prospective
association of plasma fetuin-A levels with CVD mortality
among community-dwelling older adults from the Rancho
Bernardo study. On the basis of the existing literature, we
hypothesized that lower fetuin-A levels would be associated
with increased CVD mortality risk in individuals without
diabetes mellitus, and hypothesized no association of
fetuin-A with CVD death in diabetics due to competing
influences of insulin resistance and calcification in this
subset.

Methods
Study population. Between 1972 and 1974, community-

dwelling residents living in Rancho Bernardo, California,
aged 30 to 79 years were invited to participate in a study of
heart disease risk factors, and 82% (n = 5,052) enrolled.
Nearly all were middle to upper-middle class, and relatively
well educated. Since then, sequential study visits have been
conducted at approximately 4-year intervals. The present
analysis included individuals who participated in the 1992 to
1996 clinic visit. The study was approved by the Institu-
tional Review Board of the University of California San
Diego; all participants gave written informed consent.

Eligibility criteria for the present analysis included: 1) age
50 years or older when evaluated at the 1992 to 1996 visit;
2) availability of stored sera; 3) post-menopausal status for
women; and 4) follow-up for vital status. Of the 1,781
participants who attended the 1992 to 1996 clinic visit, 49
were excluded for age <50 years, 6 women for pre-
menopausal status, 39 for insufficient stored plasma for
fetuin-A determination, and 8 for no follow-up after their
1992 to 1996 visit. The final sample consisted of 663 men
and 1,025 women.

During the 1992 to 1996 visit, information regarding
medical history, medication use, physical activity, alcohol
consumption, and current smoking was obtained using
standard questionnaires. Current medication use was vali-
dated by examination of pills and prescriptions brought to
the clinic for that purpose, and participants were asked to
rate their overall health on a 5-point scale (excellent, very
good, good, fair, or poor).

Clinical measurements. Height, weight, and waist and hip
girth were measured in the clinic with participants wearing
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BMI = body mass index

light clothing and no shoes.
Body mass index (BMI) (kg/m?)
and waist-to-hip ratio were used
as estimates of overall and central
adiposity, respectively. Blood
pressures were measured twice in
seated resting subjects using the
Hypertension Detection and
Follow-Up Program protocol
(22); the mean of the 2 measures
was used in analyses.

Blood samples were obtained
by venipuncture between 0730 h
and 1100 h after a requested
12-h fast; serum and plasma were
separated and frozen at —70°C.
Fetuin-A levels were measured
in duplicate in 2010 on EDTA
plasma samples using a human enzyme-linked immunoad-
sorbent assay kit (Epitope Diagnostics, San Diego, Califor-
nia). This assay uses a 2-site “sandwich” technique with
polyclonal antibodies that bind different epitopes of human
fetuin-A. Intra-assay and interassay coefficients of variation
were 2.4% to 4.7% and 9.5% to 9.9%, respectively, for the
set of assays used for the present sample. Plasma total and
high-density lipoprotein (HDL) cholesterol and triglycer-
ides were measured in a Centers for Disease Control
Certified Lipid Research Clinic laboratory using established
methods (23). Low-density lipoprotein (LDL) cholesterol
was calculated using the Friedewald equation. Serum creat-
inine was measured using the Jaffe reaction; liver enzymes by
spectrophotometry; and serum phosphorus and calcium by a
standard clinical automated analyzer.

Prevalent conditions and mortality assessment. Prevalent
CVD was defined as physician-diagnosed myocardial in-
farction, coronary artery revascularization, congestive heart
failure, stroke or transient ischemic attack, carotid surgery,
peripheral arterial surgery, or physician-diagnosed intermit-
tent claudication. Validation of self-reported heart attack
(by chest pain, enzyme elevation, and electrocardiography)
was achieved for 72% of a subset for whom hospital records
could be obtained. Diabetes was defined by physician
diagnosis, fasting plasma glucose =126 mg/dl, 2-h post-
challenge glucose =200 mg/dl, or use of diabetes medica-
tions. The metabolic syndrome was defined according to the
2002 Adult Treatment Panel 111 criteria (24). Hypertension
was defined as blood pressure =140/90 mm Hg or use of
antihypertensive medication. Estimated glomerular filtra-
tion rate (¢€GFR) was calculated by the MDRD (Modifica-
tion of Diet in Renal Disease study) equation (25); partic-
ipants with eGFR <60 ml/min/1.73 m? were classified as
having moderate chronic kidney disease (26). Homeosta-
sis model assessment for insulin resistance (HOMA-IR)
was used to estimate insulin resistance (27). Comorbidi-
ties recorded included thyroid, liver, kidney, and heart

Cl = confidence interval

CVD = cardiovascular
disease

eGFR = estimated
glomerular filtration rate
HDL = high-density
lipoprotein

HOMA-IR = homeostasis

model assessment for
insulin resistance

HR = hazard ratio

LDL = low-density
lipoprotein
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L1 CR B Baseline Characteristics of the Study Population by Sex and Oral Estrogen-Specific Quartile of Fetuin-A

Fetuin-A Quartile

Total Q1 Q2 Q3 Q4
(N = 1,688) (n = 423) (n = 422) (n = 423) (n = 422) p Trend*

Fetuin, g/It

Men (n = 663) 0.50 (0.10) 0.26, 0.44 0.44, 0.50 0.50, 0.56 0.56,1.24 —

Women—no oral ET (n = 623) 0.51 (0.10) 0.25,0.44 0.44,0.51 0.51, 0.57 0.57,0.86 —

Women—using oral ET (n = 402) 0.55(0.12) 0.22,0.47 0.47,0.54 0.54, 0.63 0.63,1.04 —
Demographic and anthropomorphic factors

Age, yrs 72.2 (10.5) 75 (10) 72 (10) 71(11) 70 (10) <0.001

Body mass index, kg/m? 25.4 (4.0) 245 (3.7) 25.4 (4.2) 25.7 (3.9) 26.1(4.1) <0.001

Waist circumference, cm 85.3 (12.8) 83.5(12.3) 85.0 (12.9) 85.4 (12.4) 87.5(13.4) <0.001

Waist-to-hip ratio 0.84 (0.09) 0.84 (0.09) 0.84 (0.09) 0.84 (0.09) 0.85 (0.10) 0.03
CVD risk factors

Systolic blood pressure, mm Hg 136.8 (22.1) 137 (22) 136 (22) 136 (23) 138 (22) 0.60

Diastolic blood pressure, mm Hg 75.7 (9.5) 75 (10) 75 (9) 76 (9) 77 (9) <0.001

Total cholesterol, mg/dl 209.6 (36.6) 202 (35) 209 (37) 212.2 (35) 216 (38) <0.001

LDL cholesterol, mg/dl 126.9 (32.5) 121 (32) 127 (33) 129 (31) 131 (33) <0.001

HDL cholesterol, mg/dIt 55.7 (45, 69) 57 (46, 72) 57 (47, 70) 55 (45, 68) 53 (42, 66) <0.001

Triglycerides, mg/dlt 105.6 (74, 148) 92 (66, 120) 100 (68, 142) 112 (79, 159) 124 (85, 184) <0.001

Fasting plasma glucose, mg/dl 98.7 (23.0) 95.9 (17.3) 99.2 (20.8) 99.7 (26.7) 100.2 (25.9) 0.007

HOMA-IR 2.7(2.3) 2.4(2.3) 2.5(1.9) 2.7(2.3) 3.2(2.6) <0.001

eGFR, ml/min/1.73 m? 67.5(16.1) 67 (17) 68 (15) 68 (17) 68 (15) 0.47
Health status markers

Number of comorbidities 1.5(1.2) 1.6(1.2) 1.5(1.2) 1.3(1.1) 1.5(1.2) 0.02

Number of medications 1.2 (0.6) 1.2 (0.6) 1.2 (0.5) 1.2 (0.6) 1.2 (0.5) 0.85

Fair/poor self-assessed health, % 9.1 11.4 9.7 6.6 8.8 0.08
Lifestyle parameters, %

Current smoker, yes 6.9 7.6 8.3 5.0 6.7 0.27

Exercise, 3+ times/week 70.8 69.3 73.2 71.6 69.0 0.82

Daily alcohol (vs. less or none) 33.3 40.5 34.7 321 25.8 <0.001

*Test for linear trend; tmean (SD) for total and minimum, maximum for quartiles; geometric mean (quartile 1 [Q1], quartile 3 [Q3]).
CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate; ET = estrogen therapy; HDL = high-density lipoprotein; HOMA-IR = homeostasis model insulin resistance; LDL = low-density

lipoprotein.

disease, diabetes, cancer (non-skin), emphysema, arthri-
tis, hip fracture, and hypertension.

Participants were followed through 2010, with 98%
ascertainment of vital status. Death certificates were classi-
fied for underlying cause of death by a certified nosologist
using the International Classification of Diseases, Ninth
Revision. CVD deaths included codes 401 to 448.
Statistical analysis. On the basis of a priori hypotheses of
nonlinear associations, we evaluated quartiles of fetuin-A.
Preliminary analysis demonstrated substantial differences in
fetuin-A levels by sex and by use of oral estrogens in
women,; therefore, participants were categorized into sex-
and oral estrogen—specific quartiles of fetuin-A levels.
Trends in baseline characteristics by fetuin-A quartiles were
evaluated using analysis of variance with linear trend for
continuous variables and Cochran-Armitage test for trend
for nominal variables. HDL cholesterol and triglyceride
levels were not normally distributed and were log-
transformed for analyses; reported values are geometric
means and interquartile ranges. Skew was —0.09 and 0.26,
and kurtosis 2.67 and 3.29, after log-transformation for
HDL cholesterol and triglycerides, respectively.

Single-predictor associations between the variables listed
in Table 1 and fetuin-A levels were determined by linear
regression analysis. Multivariable regression analysis was
used to determine which covariates were independently
associated with fetuin-A levels.

The association between fetuin-A and CVD mortality
was determined using Cox proportional hazards regressions;
model assumptions were tested by applying the time-
dependent covariate test (28), by Schoenfeld residual visu-
alizations (29), and by visualization of log-log survival plots
and Kaplan-Meier versus Cox estimated survivor functions
(30). All models presented met the proportional hazards
assumption. Three separate regression models were as-
sessed: the first adjusted for age, sex and use of oral
estrogens; the second added adjustment for lifestyle charac-
teristics including physical activity (3+ times per week,
yes/no), alcohol use (1+ drinks/day vs. less or none), and
current smoking habit (yes/no); and the third added adjust-
ment for traditional CVD risk factors (BMI, waist-to-hip
ratio, systolic blood pressure, triglycerides, LDL cholesterol,
fasting plasma glucose, HOMA-IR, and eGFR). There was

no significant multicollinearity (variance inflation factor
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Beta-Coefficients for Individual and Multivariable Regressions on Fetuin-A Levels

Individual Multivariablet
Independent Variable* B-Coefficient p Value B-Coefficient p Value

Oral estrogen therapy 0.0491 <0.001 0.0331 <0.001
Demographics

Sex (1 = male) —0.0274 <0.001

Age (10.5 yrs) —0.0232 <0.001 —0.0227 <0.001
Anthropomorphics

Body mass index (4.0 kg/mz) 0.0112 <0.001

Waist-to-hip ratio (0.09) —0.0056 0.03
CVD risk factors

Systolic blood pressure (22.1 mm Hg) —0.0002 0.24 0.0095 0.003

Diastolic blood pressure (9.5 mm Hg) 0.0069 0.01

HDL cholesterol (17.4 mg/dl) —0.0035 0.23

LDL cholesterol (23.5 mg/dl) 0.0098 <0.001 0.0064 0.012

Triglycerides (77.0 mg/dl) 0.0273 <0.001 0.0192 <0.001

Fasting plasma glucose (23.0 mg/dl) 0.0028 0.27

HOMA-IR (2.3) 0.0089 <0.001

eGFR (16.1 ml/min/1.73 m?) 0.0020 0.43
Lifestyle parameters

Daily alcohol (vs. less or none) —0.0261 <0.001 —0.0203 <0.001

Current smoker (yes vs. no) —0.0070 0.47

Exercise (3+ times/week) —0.0046 0.41

*Continuous explanatory variables were standardized prior to analysis, values in parentheses are 1 SD. tModel included all variables, only significant

betas presented. Adjusted R2 = 0.14.
Abbreviations as in Table 1.

>2) between the independent variables. Separate secondary
Cox models were performed to test the influence of specific
comorbidities and of a set of health status markers. Biolog-
ically plausible effect modifiers were tested by interaction
terms on a multiplicative scale.

All p values presented are 2-tailed; p < 0.05 was
considered statistically significant for all analyses, including
interaction terms. Data were analyzed using STATA
(v11.1, Stata Corp., College Station, Texas) and SPSS
(v155, SPSS Inc., Chicago, Illinois).

Results

Baseline characteristics. Baseline characteristics are pre-
sented in Table 1. The mean age of the 1,688 participants
was 72 years (range: 50 to 98); 61% (n = 1,025) were
female, of whom 402 (39%) reported current use of oral
estrogens. Fetuin-A levels (median, interquartile range in
grams/liter) were highest in women using oral estrogens
(0.54, 0.47 to 0.63), intermediate for women not using oral
estrogens (0.51, 0.44 to 0.57), and lowest for men (0.50,
0.44 to 0.56) (p < 0.001 for all). Use of non-oral estrogens
(n = 37 women) did not influence fetuin-A levels (data not
shown); these women were included in the no oral estrogen
group.

Fetuin covariates. The linear associations of individual
variables with fetuin-A levels are shown in Table 2. Oral
estrogen therapy, female sex, and triglycerides showed the
strongest individual positive associations with fetuin-A
levels with age and daily alcohol consumption showing the

strongest negative associations. In multivariate analyses, oral
estrogen therapy, systolic blood pressure, LDL cholesterol,
and triglycerides were independently associated with higher
levels of fetuin-A, whereas older age and daily alcohol
consumption associated with lower fetuin-A levels (adjusted
R? = 0.14).

Overall, 18% of participants met criteria for the metabolic

syndrome, 14% had diabetes, and 20% had prevalent CVD.
The prevalence of the metabolic syndrome and diabetes
increased in a stepwise fashion across fetuin-A quartiles,
whereas the prevalence of CVD decreased as fetuin-A levels
increased (Fig. 1) (all p < 0.001 for linear trend).
CVD mortality. During the 16-year follow-up (median 12
years), 273 deaths were attributed to CVD (153 women,
120 men). Results of Cox proportional hazards models for
CVD mortality by fetuin-A quartile are presented in Table 3. The
age-, sex-, and oral estrogen therapy—adjusted hazard ratio
(HR) for the lowest quartile of fetuin-A versus the
highest was 1.30 (95% confidence interval [CI]: 0.93 to
1.78, p = 0.12) for CVD mortality. HRs for the 2nd and
3rd quartiles were not significantly different than 1.0,
suggesting a low threshold (a significant test for quadratic
trend [p = 0.018] supported the nonlinear association of
fetuin quartiles with CVD risk). Further adjustment for
lifestyle factors (Model 2) had minimal influence on the
low fetuin-A association. Adding adjustment for tradi-
tional CVD risk factors increased the HR for the lowest
versus the highest quartile to 1.42 (95% CI: 1.01 to 1.99,
p = 0.041).



1692 Laughlin et al.

Fetuin-A and Cardiovascular Disease Mortality

JACC Vol. 59, No. 19, 2012
May 8, 2012:1688-96

Metabolic Diabetes Prevalent
Syndrome CVD
0.3+ 0.3+ 0.3+
§ 0.2 -§ _§ 0.24
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Q1 Q2 Q3 Q4 Q1 Q2 Q3 o4 Ql Q2 Q3 4
Fetuin-A Fetuin-A Fetuin-A
m Prevalence of Metabolic Syndrome, Diabetes, and Prevalent CVD by Fetuin-A Quartile
p <0.001 for linear trend for all. Lines within the bars indicate binomial exact confidence intervals.

Modifiers of the low fetuin—CVD mortality association.
Next, we examined whether the association of low fetuin-A
with CVD mortality differed across strata of selected risk
factors comparing low fetuin-A levels (quartile 1) with all
higher (quartiles 2 to 4) and adjusting for age, sex, oral
estrogen therapy, alcohol intake, regular exercise, and cur-
rent smoking as appropriate (Table 4). There was no
statistical evidence of effect modification by age, sex, over-
weight (BMI =25 kg/m? vs. lower), daily alcohol consump-
tion, HOMA-IR, hypertension, hypercholesterolemia, hy-
pertriglyceridemia, metabolic syndrome, prevalent CVD, or
by death in the first 10 years of follow-up versus after 10
years (p interactions all >0.29). Use of oral estrogens did
not modify the association of low fetuin-A with CVD
mortality in women (p interaction = 0.63) (data not
shown).

A strong interaction was observed for diabetes (p inter-
action = 0.003), such that low fetuin-A levels were associ-
ated with 76% higher risk of CVD death in individuals
without diabetes (p < 0.001), but with 57% lower risk of
CVD death in those with diabetes (p = 0.046) (Fig. 2).
These differences persisted after adjustment for additional
CVD risk factors including BMI, waist-to-hip ratio, tri-
glycerides, LDL cholesterol, systolic blood pressure, fasting
plasma glucose, HOMA-IR, and eGFR. In this multiply
adjusted model, the HR for CVD mortality for low
fetuin-A levels versus higher was 1.90 (95% CI: 1.43 to

2.50; p < 0.001) for nondiabetic patients and 0.48 (95% CI:
0.20 to 1.14; p = 0.097) for those with diabetes.
Secondary analyses by diabetes status. The influence of
known and unknown comorbidities and overall health status
on the diabetes-specific association of low fetuin-A with
CVD mortality was examined in secondary analyses com-
paring low fetuin-A levels to all higher; adjusted for age,
sex, oral estrogen therapy, alcohol intake, regular exercise,
and current smoking (Table 5). In sequential analyses,
adding adjustment for metabolic syndrome, prevalent CVD,
or a set of health status markers had minimal effect on low
fetuin-A risk estimates in either the diabetes or no diabetes
group. Excluding participants with the metabolic syndrome
or prevalent CVD modestly attenuated the low fetuin-A
association in the diabetic group, but had minimal influence
on risk estimates for the no diabetes group. Excluding CVD
deaths that occurred within the first 2 years of follow-up did
not alter results.

In the diabetes group, adding adjustment for liver func-
tion markers to the base model strengthened the association
of low fetuin-A with CVD mortality, whereas adjusting for
serum phosphorus and calcium reduced it; neither adjust-
ment influenced results for the nondiabetic group (Table 5).
Adjusting for HOMA-IR, or sequential adjustment for the
most commonly used medications (aspirin, calcium supple-
ments, and antihypertensive agents used by 34%, 34%, and
30% of participants, respectively) (data not shown) also

I CR<IN Multivariable Cox Proportional Hazards Models for the Association of Quartile of Fetuin-A With CVD Mortality

Model 1t Model 2§ Model 3§
Fetuin Quartile Mortality
(Range, g/I) Rate* HR (95% Cl) p Value HR (95% Cl) p Value HR (95% Cl) p Value
Q1 (0.22-0.47) 20 1.30(0.93,1.78) 0.12 1.30 (0.94, 1.80) 0.12 1.41(1.01, 1.99) 0.043
Q2 (0.44-0.54) 15 0.89 (0.62, 1.28) 0.54 0.90 (0.62, 1.29) 0.56 0.93 (0.65, 1.36) 0.70
Q3 (0.50—-0.63) 13 0.76 (0.52,1.11) 0.16 0.78 (0.53, 1.14) 0.20 0.72(0.48, 1.06) 0.13
Q4 (0.56—1.24) 16 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

*Indirect standardization for age, deaths per 100. tModel 1, adjusted for age, sex, and oral estrogen therapy. $Model 2, model 1 + alcohol use, current smoking, and regular exercise. §Model 3, model
2 + body mass index, waist-to-hip ratio, triglycerides, LDL cholesterol, systolic blood pressure, fasting glucose, eGFR, and HOMA-IR.
Cl = confidence interval; HR = hazards ratio; Q = quartile; Ref = reference category; other abbreviations as in Table 1.
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Multivariable Hazard Ratios for CVD Mortality by Low Fetuin-A
(Quartile 1) Versus Higher (Quartiles 2 to 4) Stratified by Potential Moderators

p Value for
Group Events/N Person-Years HR (95% CI)* interaction
All 273/1,679 17,417 1.46 (1.14-1.87) —_
Sex
Male 120/659 6,590 1.27 (0.87-1.85) 0.29
Female 153/1,020 10,826 1.68 (1.21-2.34) 1
Age
<72yrs 27/776 9,450 0.88 (0.33-2.36) 0.32
=72 yrs 246/903 7,957 1.54 (1.19-2.00) k4
Overweight
BMI <25 kg/m? 152/845 8,455 1.52 (1.10-2.12) § 0.62
BMI =25 kg/m? 116/822 8,889 1.29 (0.86-1.93)
HOMA-IR
<2.2 (median) 113/820 8,577 1.41 (0.96-2.06) 0.93
=22 157/851 8,778 1.57 (1.12-2.19) k4
Daily alcohol drinker
No 183/1,120 11,595 1.45 (1.07-1.98) 8§ 0.85
Yes 90/559 5,822 1.54 (1.01-2.36) §
Metabolic syndrome
No 218/1,378 14,391 1.48 (1.13-1.95) 1 0.88
Yes 55/301 3,026 2.09 (1.05-4.18) §
Diabetes
No 221/1,443 15,186 1.76 (1.34-2.31) t 0.003
Yes 53/236 2,231 0.43 (0.19-0.98) §
High blood pressure
No 49/535 6,071 0.95 (0.52-1.74) 0.24
Yes 224/1,144 11,346 1.63 (1.24-2.15) &
High triglycerides
<150 mg/dl 210/1,266 13,034 1.49 (1.13-1.98) a3 0.93
=150 mg/dl 63/411 4,360 1.62 (0.83-3.16)
High cholesterol
<200 mg/dl 126/679 6,730 1.57 (1.09-2.27) 8§ 0.46
=200 mg/dl 147/999 10,673 1.35(0.95-1.92)
Prevalent CVD
No 168/1,339 14,629 1.56 (1.13-2.14) 1 0.35
Yes 105/340 2,788 1.23(0.82-1.85)
Time to CVD death
After 10 yrs 82/1,108 10,385 1.29 (0.81-2.06) 0.90
First 10 yrs 191/571 7,032 1.64 (1.22-2.23) +

*Adjusted for age, sex, oral estrogen therapy, alcohol use, current smoking, and regular exercise. Tp < 0.001; £p < 0.01; §p < 0.05.

BMI = body mass index; other abbreviations as in Tables 1 and 3.

failed to influence results for either group. Finally, in tests
for effect modification within the nondiabetic group, the
association of low fetuin-A with increased risk of CVD
death was not modified by HOMA-IR, by overweight
(BMI >25 kg/m?®), or by obesity (BMI >30 kg/m?) (p
values for interaction >0.30).

Discussion

This study evaluated the prospective association of plasma
fetuin-A levels with CVD mortality in a large population of
older, community-dwelling men and women. We observed
a striking difference in the association of fetuin-A with
CVD mortality risk by diabetes status. Low fetuin-A levels
were associated with 76% higher risk of CVD death in
individuals without diabetes, but with 57% lower risk of

CVD mortality in those with diabetes. Both associations
were statistically significant, and both were independent of
traditional CVD risk factors, insulin resistance, and mea-
sures of liver and kidney function. These findings are
consistent with the hypothesis that fetuin-A protects
against vascular calcification, but promotes insulin resistance
and metabolic dysregulation, and suggest that the balance
between these 2 functions may depend on the metabolic
milieu or prior disease processes.

The association of low fetuin-A with increased CVD risk
in individuals without diabetes is somewhat paradoxical
given that low fetuin-A is also associated with beneficial
levels of most traditional CVD risk factors including lower
blood pressure, better lipids, lower adiposity, and reduced
likelihood of metabolic syndrome. Only older age and a
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Survival Plots Showing the
Differential Association of Low Fetuin-A
With CVD Mortality by Diabetes Status

Adjusted hazards ratios = 1.76 (95% confidence interval [Cl]: 1.34, 2.31,

p < 0.001) for participants without diabetes (n = 1,443) (A) and 0.43 (95%
Cl: 0.19, 0.98, p = 0.046) for those with diabetes (n = 236) (B). Models are
adjusted for age, sex, oral estrogen therapy, current smoking, alcohol use,
and regular exercise.

higher prevalence of pre-existing CVD associate with low
fetuin-A, and in general, adjusting for these, as well as the
other CVD risk factors, strengthened the risk estimate for
fatal CVD among nondiabetic individuals with low
fetuin-A. Thus, mechanisms other than conventional
pathogenic pathways are likely to be involved in the biology
underlying the low fetuin-A association. Circulating
fetuin-A is a well-described inhibitor of vascular calcifica-
tion in patients with end-stage renal disease (4,5), an
association that has been extended to the general population
(10,11). We recently demonstrated that low fetuin-A levels
were also associated with coronary artery calcification in the
Rancho Bernardo participants (9). Whether vascular calci-
fication accounts for all, or most, of the CVD risk associated
with low fetuin-A should be evaluated in future studies of

JACC Vol. 59, No. 19, 2012
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populations with baseline ectopic calcification measure-
ments and long-term follow-up.

Few prior studies have examined the association of
fetuin-A with CVD events in the general population, and
existing data are mixed. In a case-cohort study nested within
the EPIC-Potsdam study (European Prospective Investiga-
tion into Cancer and Nutrition—Potsdam study), high
plasma fetuin-A levels were associated with greater risk of
incident myocardial infarction and ischemic stroke (31);
results that are opposite in direction to our findings in
nondiabetic individuals and to observations in patients with
end-stage renal disease. Age differences may be important.
Our participants were 20 years older on average than the
EPIC-Potsdam cohort, and were probably more likely to have
prevalent arterial calcification at baseline than the EPIC-
Potsdam participants. If the link between low fetuin-A and
CVD events is mediated through accelerated arterial calcifica-
tion, then this difference may have made an association of low
fetuin-A with CVD risk more likely among our older nondi-
abetic participants. It is also possible that fetuin-A associations
with incident CVD events in a younger population (EPIC-
Potsdam) differs from that with faza/ CVD events in an older
population (Rancho Bernardo).

In contrast to the nondiabetic group, low fetuin-A was
associated with significantly lower, not higher, risk of CVD
death in Rancho Bernardo participants with diabetes. In our
previous investigation in the Heart and Soul Study (a cohort
of 1,024 individuals, all of whom had prevalent CVD and a
spectrum of kidney function similar to that in the Rancho
Bernardo study), low fetuin-A levels were associated with
aortic stenosis among individuals without diabetes, whereas
no association was observed in those with diabetes (10).
This finding, as well as the dual actions of fetuin-A, led us
to the a priori hypothesis that the relationship of fetuin-A
with other measures of vascular calcification and CVD
would also differ by diabetes status. The present study
extends the link between low fetuin-A levels and vascular
disease to a prospective association with CVD mortality in
community-dwelling adults, and demonstrates that this
association is not dependent on pre-existing CVD. Impor-
tantly, we confirmed the observation that diabetes modifies
the fetuin-A association, using a distinct but related out-
come and in a different population. Diabetes was the only 1
of several potential effect modifiers that was statistically
significant, and the significance of the interaction was
strong (p = 0.003). This new evidence supports the repro-
ducibility of our original findings and may lead to important
new insights with respect to fetuin-A biology.

Effect modification by diabetes was also examined in the
EPIC-Potsdam study, and none was found; however, dia-
betes cases were identified by self-report and examination of
medical records, and did not include fasting and post-
challenge glucose measurements as in the present study,
thus undiagnosed cases might have been missed. Most other
studies of fetuin-A and CVD have been in kidney disease

populations, and almost all have identified increased risk of
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Multivariable Hazard Ratios for CVD Mortality by Low
IEL IR Fetuin-A (Quartile 1) Versus Higher (Quartiles 2 to 4)
Adjusting for, or Excluding, Potential Covariates and Effect Modifiers

No Diabetes Diabetes
HR (95% Cl) p Value HR (95% Cl) p Value
Events/N 220/1,450 53/238
Base model* 1.76 (1.34-2.31) <0.001 0.43 (0.19-0.98) 0.046
Base model* plus
Liver function (AST, ALT, albumin) 1.79 (1.36-2.36) <0.001 0.36 (0.15-0.85) 0.020
Serum phosphorus, calcium 1.80 (1.37-2.36) <0.001 0.52 (0.22-1.22) 0.132
Insulin resistance (HOMA) 1.78 (1.36-2.34) <0.001 0.43 (0.18-0.99) 0.048
Metabolic syndrome 1.83 (1.39-2.40) <0.001 0.43 (0.18-0.99) 0.047
Prevalent CVD 1.69 (1.29-2.22) <0.001 0.49 (0.21-1.12) 0.089
Health status markerst 1.72 (1.31-2.26) <0.001 0.48 (0.21-1.12) 0.090
Base model* excluding
Metabolic syndromezt 1.66 (1.25-2.22) 0.001 0.49 (0.16-1.57) 0.23
Prevalent CVD§ 1.80 (1.28-2.54) 0.001 0.58 (0.18-1.89) 0.37
CVD death within 2 yrs| 1.66 (1.24-2.21) 0.001 0.43 (0.17-1.05) 0.06

*Base model adjusted for age, sex, oral ET, alcohol use, current smoking, regular exercise. tHealth status markers: number medications, number
comorbidities, self-assessed health. $Events/N = 191/1,267 for no diabetes, 27/117 for diabetes. §Events/N = 138/1,175 for no diabetes,
30/169 for diabetes. |Events/N = 196/1,425 for no diabetes, 47/223 for diabetes.

ALT = alanine aminotransferase; AST = aspartate aminotr ; other

vascular calcification, CVD events, and mortality in indi-
viduals with low fetuin-A levels (4-8). One notable excep-
tion is a study reporting a direct correlation of fetuin-A
levels with the extent of coronary artery calcification among
diabetic patients in the pre-dialysis stages of chronic kidney
disease (32). This result is consonant with our finding of a
protective association of low fetuin-A with CVD mortality
among diabetic individuals and may be related to the role of
fetuin-A in mediating insulin resistance. Fetuin-A inhibits
the insulin receptor tyrosine kinase, preventing insulin-
mediated autophosphorylation of the insulin receptor (12)
and inducing insulin resistance (13). Fetuin-A knockout
mice demonstrate improved insulin sensitivity and resis-
tance to weight gain and fat accumulation when fed a
high-fat diet (19), and intraperitoneal delivery of fetuin-A
to wild-type mice acutely induces peripheral insulin resis-
tance (33). Thus, low fetuin-A may slow the development
or severity of insulin resistance and its consequences in
diabetic individuals.

We observed a direct association between plasma
fetuin-A and HOMA-IR, triglyceride levels, LDL choles-
terol, measures of adiposity, and diabetes prevalence; all of
which are consistent with a possible pathogenic role for
fetuin-A in exacerbating the insulin resistance and the
proatherogenic milieu associated with type 2 diabetes mel-
litus. This possibility is supported by prior studies by our
group and others showing that higher plasma fetuin-A
levels both predict incident diabetes and characterize those
with established diabetes (17,18). Low fetuin-A in individ-
uals with diabetes may represent a successful adaptive
response that reduces CVD risk in a subgroup of diabetes
patients. Many of the diabetic participants in the present
study were captured only by high fasting or post-challenge
glucose, and may therefore have been cases earlier in the
disease course with a lower prevalence of vascular disease.

iations as in Tables 1 and 3.

Whether fetuin-A’s role in the pathogenesis of diabetic
CVD depends on the stage and severity of disease should be
addressed in future studies.

Strengths of this study are its prospective design, the

relatively large sample size, inclusion of both sexes, and the
availability of a wide spectrum of potential confounding
variables.
Study limitations. Associations were based on fetuin-A
values measured at a single time point; nonetheless, we
identified a strong signal for CVD mortality that was robust
to statistical adjustment for multiple covariates. Almost half
of the diabetes cases were identified based on fasting or
post-challenge glucose levels, not on physician diagnosis,
thus information on diabetes severity or duration was not
available. Participants were predominantly Caucasian and
middle to upper middle class. This limits generalizability,
but is a strength to the extent that confounding by ethnicity,
socioeconomic status, and access to health care is mini-
mized. Finally, the majority of participants were elderly men
and women, and our results may not generalize to younger
adults.

Conclusions

In summary, in community-dwelling individuals, low
plasma fetuin-A levels are independently associated with
increased risk of CVD mortality among men and women
without diabetes, but with reduced risk of CVD death in
those with diabetes. These results suggest the relationship of
fetuin-A to cardiovascular health is more complex than
previously thought. Future studies, with larger populations,
are required to determine whether measurement of plasma
fetuin-A will be useful as a CVD risk stratification tool and
whether prediction criteria will differ for those with and
without diabetes.



1696

Laughlin et al.
Fetuin-A and Cardiovascular Disease Mortality

Reprint requests and correspondence: Dr. Gail A. Laughlin,
Department of Family and Preventive Medicine, University of
California San Diego, 9500 Gilman Drive, MC0725, La Jolla,
California 92093. E-mail: glaughlin@ucsd.edu.

REFERENCES

1.

10.

11.

12.

13.

14.

Ix JH, Chertow GM, Shlipak MG, Brandenburg VM, Ketteler M,
Whooley MA. Fetuin-A and kidney function in persons with coronary
artery disease—data from the Heart and Soul Study. Nephrol Dial
Transplant 2006;21:2144-51.

. Ketteler M, Schlieper G, Floege J. Calcification and cardiovascular

health. New insights into an old phenomenon. Hypertension 2006;47:
1027-34.

. Jahnen-Dechent W, Heiss A, Schafer C, Ketteler M. Fetuin-a regulation

of calcified matrix metabolism. Circ Res 2011;108:1494-509.

. Moe SM, Reslerova M, Ketteler M, et al. Role of calcification

inhibitors in the pathogenesis of vascular calcification in chronic

kidney disease (CKD). Kidney Int 2005;67:2295-304.

. Wang AY, Woo ], Lam CW, et al. Associations of serum fetuin-A

with malnutrition, inflammation, atherosclerosis and valvular calcifi-
cation syndrome and outcome in peritoneal dialysis patients. Nephrol
Dial Transplant 2005;20:1676—85.

. Ketteler M, Bongartz P, Westenfeld R, et al. Association of low

fetuin-A (AHSG) concentrations in serum with cardiovascular mor-
tality in patients on dialysis: a cross-sectional study. Lancet 2003;361:
827-33.

. Stenvinkel P, Wang K, Qureshi AR, et al. Low fetuin-A levels are

associated with cardiovascular death: impact of variations in the gene
encoding fetuin. Kidney Int 2005;67:2383-92.

. Hermans MM, Brandenburg V, Ketteler M, et al. Association of

serum fetuin-A levels with mortality in dialysis patients. Kidney Int
2007;72:202-7.

. Ix JH, Barrett-Connor E, Wassel CL, et al. The associations of

fetuin-A with subclinical cardiovascular disease in community dwell-
ing persons: the Rancho Bernardo study. ] Am Coll Cardiol 2011;58:
2372-9.

Ix JH, Chertow GM, Shlipak MG, Brandenburg VM, Ketteler M,
Whooley MA. Association of fetuin-A with mitral annular calcifica-
tion and aortic stenosis among persons with coronary heart disease:
data from the Heart and Soul Study. Circulation 2007;115:2533-9.
Kaden JJ, Reinohl JO, Blesch B, et al. Systemic and local levels of
fetuin-A in calcific aortic valve stenosis. Int ] Mol Med 2007;20:
193-7.

Auberger P, Falquerho L, Contreres JO, et al. Characterization of
a natural inhibitor of the insulin receptor tyrosine kinase: cDNA
cloning, purification, and anti-mitogenic activity. Cell 1989;58:
631-40.

Rauth G, Poschke O, Fink E, et al. The nucleotide and partial amino
acid sequences of rat fetuin. Identity with the natural tyrosine kinase
inhibitor of the rat insulin receptor. Eur ] Biochem 1992;204:523-9.
Ix JH, Shlipak MG, Brandenburg VM, Ali S, Ketteler M, Whooley
MA. Association between human fetuin-A and the metabolic syn-
drome: data from the Heart and Soul Study. Circulation 2006;113:
1760-7.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

JACC Vol. 59, No. 19, 2012
May 8, 2012:1688-96

Mori K, Emoto M, Yokoyama H, et al. Association of serum fetuin-A
with insulin resistance in type 2 diabetic and nondiabetic subjects.
Diabetes Care 2006;29:468.

Stefan N, Hennige AM, Staiger H, et al. Alpha2-Heremans-Schmid
glycoprotein/fetuin-A is associated with insulin resistance and fat
accumulation in the liver in humans. Diabetes Care 2006;29:853-7.
Ix JH, Wassel CL, Kanaya AM, et al. Fetuin-A and incident diabetes
mellitus in older persons. JAMA 2008;300:182-8.

Stefan N, Fritsche A, Weikert C, et al. Plasma fetuin-A levels and the
risk of type 2 diabetes. Diabetes 2008;57:2762~7.

Mathews ST, Singh GP, Ranalletta M, et al. Improved insulin
sensitivity and resistance to weight gain in mice null for the Ahsg gene.
Diabetes 2002;51:2450-8.

Schafer C, Heiss A, Schwarz A, et al. The serum protein alpha
2-Heremans-Schmid glycoprotein/fetuin-A is a systemically acting
inhibitor of ectopic calcification. ] Clin Invest 2003;112:357-66.
Goustin AS, Abou-Samra AB. The “thrifty” gene encoding Ahsg/
Fetuin-A meets the insulin receptor: insights into the mechanism of
insulin resistance. Cell Signal;23:980-90.

The Hypertension Detection and Follow-up Program: Hypertension
Detection and Follow-up Program Cooperative Group. Prev Med
1976;5:207-15.

Laughlin GA, Barrett-Connor E, May S. Sex-specific determinants of
serum adiponectin in older adults: the role of endogenous sex hor-
mones. Int ] Obes (Lond) 2007;31:457-65.

National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). Third Report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation 2002;106:3143-421.
Levey AS, Greene T, Kusek JW, Beck GJ. A simplified equation to
predict glomerular filtration rate from serum creatinine (abstr). ] Am
Soc Nephrol 2001;11:A0828.

KDOAQI clinical practice guidelines and clinical practice recommen-
dations for diabetes and chronic kidney disease. Am ] Kidney Dis
2007;49 Suppl 2:512-154.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin concentra-
tions in man. Diabetologia 1985;28:412-9.

Bradburn MJ, Clark TG, Love SB, Altman DG. Survival analysis Part
III: multivariate data analysis—choosing a model and assessing its
adequacy and fit. Br J Cancer 2003;89:605-11.

Collett D. Modelling Survival Data in Medical Research. London,
UK: Chapman & Hall, 1994.

Cleves MW. An Introduction to Survival Analysis Using Stata:
Revised Edition. College Station, TX: Stata Press, 2004.

‘Weikert C, Stefan N, Schulze MB, et al. Plasma fetuin-a levels and the
risk of myocardial infarction and ischemic stroke. Circulation 2008;
118:2555-62.

Mehrotra R, Westenfeld R, Christenson P, et al. Serum fetuin-A in
nondialyzed patients with diabetic nephropathy: relationship with
coronary artery calcification. Kidney Int 2005;67:1070-7.

Hennige AM, Staiger H, Wicke C, et al. Fetuin-A induces cytokine
expression and suppresses adiponectin production. PLoS ONE 2008;
3:e1765.

Key Words: cardiovascular discase ® diabetes mellitus ® epidemiology
® fetuin-A ® mortality.


mailto:glaughlin@ucsd.edu

	The Association of Fetuin-A With Cardiovascular Disease Mortality in Older Community-Dwelling Adults: The Rancho Bernardo Study
	Methods
	Study population
	Clinical measurements
	Prevalent conditions and mortality assessment
	Statistical analysis

	Results
	Baseline characteristics
	Fetuin covariates
	CVD mortality
	Modifiers of the low fetuin–CVD mortality association
	Secondary analyses by diabetes status

	Discussion
	Study limitations

	Conclusions
	References


