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Abstract

Background.—Ceruloplasmin (CP) is an acute-phase reactant and a potential biomarker of 

atherothrombotic risk. We assessed the associations between CP, CP-associated genetic variants, 

and incident venous thomboembolism (VTE) in the Atherosclerosis Risk in Communities (ARIC) 

study.

Methods and results.—In an observational study, 9933 men and women without prevalent 

VTE aged 53 to 75 years were included in 1996–1998 and followed through 2011. Circulating CP 

was measured in stored blood samples obtained in 1996–1998. Polymorphisms rs11708215 and 

rs13072552, previously associated with CP concentrations, were measured in 8439 participants. 

VTEs were identified from hospital discharge codes and validated by physician review of medical 

records and imaging reports. Over a mean of 10.5 years follow-up, 376 cases of VTE were 

identified. The association between circulating CP, CP-associated polymorphisms, and the 

incidence of VTE was estimated. After adjusting for traditional risk factors and biomarkers, higher 

levels of circulating CP were associated with greater incident VTE rates (hazard ratio [HR] 1.82, 
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95% confidence interval [CI] 1.12, 2.95 comparing the 87.5–100th percentile to the bottom 

quartile). Both rs11708215 and rs13072552 were associated with CP levels but not with VTE risk.

Conclusions.—Even though high CP concentrations were associated with increased VTE risk, 

CP-associated genetic variants were not associated with higher risk of VTE. Our results suggest 

that circulating CP levels may not be causally related to risk of incident VTE.
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INTRODUCTION

Deep vein thrombosis (DVT) and pulmonary embolism (PE) are manifestations of venous 

thromboembolic disease (VTE), the third most common cardiovascular disease after 

myocardial infarction and stroke. (1, 2).

It is estimated that at least 900,000 people are affected by VTE (1 to 2 per 1,000 adults) each 

year in the United States.This results in about 100,000 premature deaths (3, 4), of which 

over 10% will die within one month of diagnosis. (1, 2). Because of the public health burden 

and expense of VTE, additional biomarkers are needed to help detect or predict VTE and/or 

monitor the treatments prescribed.

Ceruloplasmin (CP) is an enzyme synthesized in the liver that is responsible for transport of 

circulating copper. CP is also involved in iron metabolism. It is an acute-phase reactant that 

may have antioxidant actions but can also participate in the generation of free radicals that 

may underlie several illnesses such as myocardial infarction, arteriosclerosis, unstable 

angina, abdominal aortic aneurysm, vasculitis, peripheral arterial disease, and even dementia 

(5, 6).

There is strong evidence that inflammation, where CP levels are increased, is associated with 

increased risk of atherothrombosis (7, 8). Several studies have demonstrated a relationship 

between various proteins involved in inflammatory processes and VTE. For example, ARIC 

previously found that elevated hsCRP, but not fibrinogen, was independently associated with 

increased risk of VTE (9). Inflammation seems to trigger a chain reaction where 

procoagulant factors are activated and the fibrinolytic pathway is inhibited (10). Yet, 

Sveinsdottir et al, found no significant relationship between VTE incidence and CP or other 

inflammatory markers (fibrinogen, orosomucoid, α1-antitrypsin, haptoglobin) (11).

Additionally, two single nucleotide polymorphisms (SNPs) located in the CP gene promoter 

are associated with CP concentrations in blood (rs11708215 and rs113072552) (12). We 

addressed the association between these SNPs, circulating CP, and VTE incidence in the 

Atherosclerosis Risk in Communities (ARIC) study. We hypothesized that higher 

concentrations of circulating CP would be associated with greater VTE incidence, and 

following a Mendelian randomization framework, that if the association between circulating 

CP and VTE incidence is causal then genetic variants associated with higher circulating CP 

would also increase the risk of VTE.
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METHODS

Study population

The ARIC study is a community-based population study designed to investigate the causes 

of cardiovascular disease. From 1987 to 1989 (ARIC study baseline), 15,792 adults (55.2% 

women; age, 45–64 years) from 4 US communities (Washington County, MD; suburbs of 

Minneapolis, MN; Jackson, MS; and Forsyth County, NC) were enrolled and underwent a 

home interview and clinic visit. Additional examinations were conducted in 1990 to 1992, 

1993 to 1995, 1996 to 1998, 2011 to 2013, and 2016 to 2017. Participants were mostly white 

in the Washington County and Minneapolis sites, exclusively African Americans in Jackson, 

and a mix of both races in Forsyth County (13).

Of the 11,656 participants attending visit 4 (1996–1998), we excluded individuals with 

prevalent VTE at visit 1 (N=238), incident VTE event before visit 4 (N=49), missing data 

for CP (N=153), taking anticoagulants at visit 4 (N=235), follow-up ended on date of visit 4 

exam (N=2) and with missing information for body mass index (N=38) or any other variable 

used in the statistical models (N=939). We additionally excluded individuals who were not 

white or African American and any African American participants at the Minnesota and 

Washington County field centers because of small enrollment numbers (N=69).

Ascertainment of VTE

Staff contacted ARIC participants annually by phone and asked about all hospitalizations in 

the previous year. In addition, ARIC conducted surveillance of hospital discharge lists from 

local hospitals, and obtained all International Classification of Diseases (ICD) discharge 

codes. For ICD codes harboring possible VTE events, staff obtained copies of the hospital 

records. To validate VTE events, two physicians reviewed the records using standardized 

criteria, requiring positive imaging tests for diagnosis of DVT and PE. We restricted DVTs 

for this analysis to those occurring in the lower extremity or vena cava, because upper 

extremity DVTs were relatively few and almost always the result of venous catheters (14).

Covariates

At each study visit, participants underwent physical assessments, provided blood samples, 

and answered questionnaires. For the present analysis, information on all covariates was 

obtained at visit 4, with the exception of education, which was only assessed at baseline. 

Sex, race, date of birth, and hormone replacement therapy (HRT) were self-reported by the 

study participant. Weight and height were measured with the participant wearing light 

clothing. Body mass index (BMI) was calculated as weight (in kilograms) divided by height 

(in meters) squared. Blood pressure was measured twice and averaged to define systolic and 

diastolic blood pressure. Hypertension was defined as a systolic blood pressure of ≥140 mm 

Hg, a diastolic pressure of ≥90 mm Hg, or use of antihypertensive medication. Diabetes was 

defined as a fasting blood glucose ≥126 mg/dL, a non-fasting blood glucose >200 mg/dL, a 

self-reported physician diagnosis of diabetes, or use of anti-diabetic medication.
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Biomarker assays and genotyping

Plasma CP concentrations were measured in 2010–2011 from Visit 4 plasma samples (stored 

at −70°C since collection in 1996–1998) by immunoturbidimetric assay using an automated 

chemistry analyzer (Olympus AU400e, manufacturer Olympus Life Science Research 

Europa GmbH). The CP turbidimetric procedure was calibrated every 14 days by using 

Olympus Serum Protein Multi-calibrator 2 (Cat #ODR3023), which was traceable to IFCC 

International Reference Preparation CRM470 (RPPHS). The inter-assay coefficient of 

variation for CP was 6.8%.

High sensitivity C-reactive protein (hs-CRP) levels were measured by an 

immunonephelometric assay on a BNII autoanalyzer (Siemens Healthcare Diagnostics, 

Deerfield, IL) with a reliability coefficient of 0.9.

The rs11708215 SNP was genotyped using the Sequenom iPLEX assay, while rs13072552 

was genotyped with the Affymetrix Genome-Wide Human SNP Array 6.0.

ARIC had exhausted most baseline citrate plasma samples previously. Therefore, we used in 

this analysis D-dimer and factor XI concentrations measured on fasting citrate plasma 

collected at ARIC visit 3 (in 1993–95) and stored unthawed at −70°C until analysis in 2014. 

The Laboratory for Clinical Biochemistry Research at the University of Vermont used an 

immuno-turbidimetric assay (Liatest D-DI; Diagnostica Stago, Parsippany, NJ) on the 

Evolution analyzer (Diagnostica Stago, Parsippany, NJ) for D-dimer and sandwich ELISA 

with affinity-purified polyclonal antibodies from Affinity Biologicals (Ancaster, Ontario, 

CAN) for factor XI. The analytical coefficient of variation for the D-dimer assay was 4 – 

16%. Blind analysis of 73 pairs of ARIC samples split at the time of blood draw and stored 

until 2014 yielded an intra-class reliability coefficient of 0.92 (15).

For factor XI, the coefficient of variation for control samples during this study averaged 

9.6%. Blind analysis of 74 pairs of ARIC samples split at the time of blood draw and stored 

until 2014 yielded an intra-class reliability coefficient of 0.81 (16).

Other hemostatic factors were measured at ARIC visit 1 (1987–89). Factor VIII activity was 

measured by determining the ability of the tested sample to correct the clotting time of 

human factor VIII–deficient plasma obtained from George King Biomedical Inc. Von 

Willebrand factor (VWF) antigen was determined by ELISA kits from American 

Bioproducts Co. Activated partial thromboplastin time (aPTT) was measured on an 

automated coagulometer (Coag-A-Mate X-2, General Diagnostics). The reference material 

for assays was the Universal Coagulation Reference Plasma (Thromboscreen, Pacific 

Hemostasis, Curtin Matheson Scientific, Inc). Reliability coefficients (method variance plus 

intraindividual variance divided by total variance) obtained from repeated testing of 

individuals over several weeks were 0.86 for factor VIII, 0.68 for VWF and 0.92 for aPTT 

(17).

Statistical analysis

Cox proportional hazards models were used to estimate the association between CP 

concentrations and incident VTE. Time to follow-up was defined as the time between visit 4 
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and VTE occurrence, death, loss to follow-up, or end of 2011, whichever occurred earlier. 

Initially, we explored the shape of the association of CP with VTE risk using restricted cubic 

splines, which allowed us to test for linearity. Circulating CP was modeled using quartiles 

(with the highest quartile split in two) and as a continuous variable (scaled per standard 

deviation increment).

The following incrementally-adjusted models were used to analyze the CP-VTE association: 

model 1: adjustment for age, sex, race, BMI and current HRT; model 2: model 1 plus 

adjustment for diabetes mellitus, systolic blood pressure, activated partial thromboplastin 

time, VWF, D-dimer, Factor VIII, XI and hsCRP. Other atherosclerotic risk factors such as 

diastolic blood pressure, smoking, lipid levels and physical activity were not strong VTE 

risk factors in ARIC and thus not examined. We also ran a sensitivity analysis adjusting for 

participants cancer status (yes, no), which had no material impact on the results.

In a second step, we ran race-specific linear regression models testing the association 

between CP gene SNPs (rs11708215, rs13072552) and CP concentration. Analyses in 

African Americans were adjusted for the first 10 principal components of ancestry (PCAs) 

to correct for population stratification.

Thirdly, a race-specific Cox model was used to test associations of CP gene SNPs 

rs11708215 and rs13072552, separately, with VTE risk, adjusting for age, sex, race, BMI, 

HRT and PCAs (in African Americans), and for covariates listed above in Model 2 as well 

as for CP concentration to test whether any association between rs11708215 or rs13072552 

might be mediated by circulating CP.

Finally, we created a CP-related genetic risk score (GRS) by summing the number of CP- 

increasing alleles in the two SNPs (rs11708215 and rs13072552) (range, 0–4) and also 

categorized the population into haplotypes formed by combinations of the 2 SNPs. We 

assessed the association of GRS and CP gene haplotypes with CP concentration and the 

incidence of VTE in multivariable race-specific models. We used an unweighted GRS since 

there are no large studies that could provide validated weights.

RESULTS

This ARIC visit 4 sample included 9,933 participants at risk for VTE (mean age 62.7 ± 5.6 

years, 20.1% African American and 55.7% female). Mean CP levels were higher in African 

Americans than whites (311.9 ± 71.7 mg/L versus 296.1 ± 78.1 mg/L). The baseline 

demographic characteristics stratified by CP quartiles for the overall sample are shown in 

Table 1. Those with higher concentrations of circulating CP were more likely to be women, 

African American and have higher concentrations of hsCRP.

Associations of CP concentration with incident VTE

During a mean follow-up of 10.5 years, a total of 376 individuals developed VTE (110 

events in African American and 266 in whites). Table 2 presents the associations between 

circulating CP, stratified by quartiles (last quartile split in two) and as a continuous variable, 

and VTE risk. Higher levels of circulating CP were associated with greater incidence of 
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VTE in all the adjusted models. Individuals with CP in the highest category (87.5–100th 

percentile) had 1.61 times greater risk for VTE than those in the lowest quartile (HR 1.61, 

95%CI 1.06, 2.45) after adjusting for traditional risk factors. The association was 

comparable in the fully adjusted model including other biomarkers (HR 1.50, 95%CI 0.98, 

2.29). A similar association was observed when we modeled circulating CP as a continuous 

variable in model 2 (HR 1.16, 95%CI 1.03, 1.30 per 1-standard deviation increment in CP). 

Associations between circulating CP and VTE risk were similar in whites (HR 1.16, 95%CI 

1.01, 1.34 per 1-standard deviation increment in CP) and African Americans (HR 1.13, 

95%CI 0.91, 1.41). We also conducted stratified analysis by sex. Hazard ratios (95% 

confidence intervals) for the association between CP concentration and VTE stratified by sex 

are presented as supplementary tables (S1 and S2). Higher levels of ceruloplasmin were 

associated with increased risk of VTE in both men and women, without evidence of a 

significant interaction (p for interaction = 0.49). Given the more limited sample size in each 

analysis, estimates were more imprecise than in the combined analysis. Still, HRs for VTE 

in top category were 1.5 in women and 1.6 in men.One additional analysis was carried out 

restricting follow-up to the first eleven years. Associations were stronger than for the entire 

follow-up indicating that there was some dilution of the effect over time (Table S3).

We also plotted the association between circulating ceruloplasmin and VTE risk modeling 

ceruloplasmin using a restricted cubic spline. The risk increased up to the 87.5th percentile, 

plateauing afterwards (Figure 1).

Association between rs11708215, rs13072552 and CP concentration

We performed a race-stratified analysis between CP concentration and the SNPs rs11708215 

and rs13072552 located in or near the CP gene in chromosome 3 in 8439 subjects (Table 3). 

The frequencies for CP-increasing alleles differed between whites and African Americans. 

For both SNPs, a higher number of CP-increasing alleles was associated with higher 

concentrations of CP: 30.3 (95%CI 11.5, 49.1) and 29.8 (95%CI 22.5, 37.2) mg/L higher in 

African Americans and whites respectively for rs11708215, with the corresponding results 

being 13.6 (95%CI 4.6, 22.6) and 53.8 (95%CI 34.9, 72.7) mg/L higher for rs13072552 in 

the fully adjusted model. The proportion of variability in circulating CP explained by these 2 

SNPs was small (r2 = 0.02). Reported differences in concentration reflect two risk alleles 

versus no risk alleles of the SNPs.

Association between rs11708215, rs13072552 and VTE risk

We next investigated the relationship of rs11708215 and rs13072552 with incidence of VTE 

separately in whites and African Americans (Table 4). Presence of the CP-increasing alleles 

in rs11708215 and rs13072552 were not significantly associated with risk of VTE in whites 

or African Americans.

Difference in CP concentration and VTE risk by number of risk alleles and haplotypes in 
rs11708215 and rs13072552

The CP-related GRS showed a linear association with circulating CP (Table 5). Participants 

with 3 or 4 CP-increasing alleles had the highest blood CP concentration. This difference 

was significant in both African Americans (Beta 11.6 mg/L, 95% CI 7.7, 15.5) and whites 
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(Beta 11.7 mg/L, 95%CI, 9.8, 13.6). In contrast, neither the GRS (Table 5) nor the haplotype 

categories (Table 6) were associated with VTE risk in whites. In contrast, there was some 

suggestion that African American with a GRS of 0 (Table 5) or haplotype AA/GG may have 

lower risk of VTE than those with other genotypes.

DISCUSSION

This is the largest prospective study to date showing that a higher concentration of 

circulating CP, an inflammatory plasma protein, is associated with modestly increased VTE 

risk. We found that variants in SNPs rs11708215 and rs13072552, which are in or near the 

CP gene in chromosome 3, were associated with circulating concentrations of CP in both 

whites and African Americans. In contrast, alleles associated with higher CP concentrations 

in these two SNPs were not associated with greater incidence of VTE. These findings do not 

support a direct causal role of CP on VTE risk, though statistical power to rule out a small 

effect was limited.

A previous publication from the Malmö Preventive Project in southern Sweden, including 

6068 participants, explored whether raised levels of inflammation-sensitive plasma markers 

(fibrinogen, haptoglobin, ceruloplasmin, a1-antitrypsin and orosomucoid) were associated 

with increased VTE risk. They did not find any association between these biomarkers and 

VTE risk (11).

In contrast with this previous study, we found a positive association of CP with VTE in a 

large, middle-aged, biracial cohort of men and women. After adjusting for several VTE risk 

factors and different biomarkers, higher levels of circulating CP remained associated with 

increased incidence of VTE.

Multiple clinical and molecular lines of evidence suggest a close link between inflammation, 

thrombosis activation, and VTE (18–22). Inflammation increases the production of 

procoagulant factors activating blood coagulation and inhibiting the fibrinolytic pathway 

(23). During the endothelial dysfunction, platelet activating factor and endothelin-1 are 

released promoting a vasoconstriction, whereas production of Factor V, VWF, plasminogen 

activator inhibitor-1 and tissue factor augment thrombosis. Furthermore, endothelial cells 

increase the adhesion molecules in the surface, promoting the activation of leukocytes. This 

event initiates and amplifies inflammation and thrombosis (24).

It has been reported that inflammation, with the subsequent overproduction of reactive 

oxygen species (ROS), is associated with VTE risk (18–22). CP has been suggested to have 

proinflammatory effects on vascular cells, both oxidative and anti-oxidative functions having 

been reported. So, hypothetically, the overproduction of reactive oxygen species and 

vascular inflammation could be a cause of VTE in the presence of higher levels of CP.

In relation to CRP, we are uncertain why single measures of CRP were associated previously 

with incident VTE (25,26) but changes in these biomarkers were not and this appears to be 

somewhat depending on the follow-up time (27). One possibility is that the original findings 

were spurious, because of some unrecognized confounding variable. Overall, the lack of 

longitudinal associations between CRP and VTE incidence suggest that it, or the 
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fundamental processes that they represent (low‐level inflammation and cardiac injury), is not 

a risk factor for VTE. This is supported by Zacho et al., where genetically elevated CRP 

levels did not associate with increased VTE risk (28).

During an inflammatory process, multiple factors are involved. Numerous inflammatory 

markers could be analyzed individually as potential VTE risk factors. Further studies would 

be needed to determine whether elevated CP is a causal risk factor or merely a risk marker 

for VTE.

Strengths and limitations

Strengths of the study include the large sample size and power to measure overall 

associations between CP and VTE. However, there are a few limitations. Although the LITE 

study validated VTEs, some VTE cases treated in outpatient settings are missed (14). In 

addition, there may be some misclassification of CP concentrations since there is no follow-

up information on circulating CP after visit 4. As a result, if the CP measures changed over 

time, it would tend to bias our hazard ratios (presumably toward 1). Power is poor for race-

specific findings and for the SNPs associations. We considered these SNPs because they 

have been previously associated with CP concentrations (rs13072552 in an ARIC GWAS 

and rs11708215 in a candidate SNP analysis) (12); there can be other variants related to CP 

concentrations that have not been identified yet. Finally, the hemostatic factors were not 

measured at visit 4 and so there could be residual confounding. Finally, we could not take 

into account acute risk factors for VTE (immobility, surgery, etc.).

CONCLUSION

High levels of circulating CP are associated with increased incidence of VTE. The two SNPs 

studied were associated with increased CP levels in both whites and African Americans. 

Presence of the CP-increasing alleles in rs11708215 and rs13072552 were not significantly 

associated with risk of VTE in either race group. Our results suggest that CP may be one of 

many inflammatory intermediaries involved in the development of VTE, or at least reflecting 

a patient at risk for VTE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Essentials

• Ceruloplasmin (CP) is an acute-phase reactant and a potential biomarker of 

atherothrombotic risk.

• We assessed associations between CP and venous thromboembolism (VTE) 

risk in 9933 individuals.

• Higher circulating CP but not CP-related genes were associated with greater 

incident VTE rates.

• Circulating CP could be considered a non-causal biomarker of VTE risk in 

the community.
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Figure 1. 
Association of concentration of circulating ceruloplasmin with incidence of VTE presented 

as hazard ratio (solid line) and 95% confidence interval (shaded area) adjusted for age, sex, 

and race. The histogram represents the distribution of circulating ceruloplasmin in the study 

sample. Orange points corresponds to the values for the 25th, 50th, 75th and 87.5th 

percentiles of the ceruloplasmin distribution.
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Table 1.

Baseline Characteristics (mean or percent) of the Overall Sample by Ceruloplasmin (CP) Quartiles in ARIC, 

1996–1998

CP mg/L Quartile 1
≤ 248

Quartile 2
248 to <284.6

Quartile 3
284.6 to < 335

Quartile 4
≥ 335

N 2486 2487 2480 2480

Age (years) 63 ± 5.6 63 ± 5.7 63 ± 5.7 62 ± 5.5

Women (%) 20 44 67 91

African American (%) 12 18 27 25

BMI (kg/m2) 28.9 ± 4.9 28.6 ± 5.2 29.0 ± 5.8 28.2 ± 5.8

HRT use (%) 
1 3 5 11 42

Diabetes mellitus (%) 18 17 17 12

SBP (mmHg) 126 ± 17 127 ± 19 129 ± 19 127 ± 19

DBP (mmHg) 71 ± 9 71 ± 10 71 ± 10 70 ± 10

Smoker, current (%) 21 25 27 26

Total cholesterol (mg/dL) 191 ± 35 200 ± 35 205 ± 38 206 ± 36

LDL-c (mg/dL) 119 ± 30 125 ± 31 127 ± 33 118 ± 34

HDL-c (mg/dL) 44 ± 13 47 ± 14 50 ± 15 59 ± 17

Triglycerides (mg/dL) 147 ± 98 140 ± 83 141 ± 86 146 ± 77

hsCRP (mg/L) 3.6 ± 7.4 3.3 ± 4.7 4.2 ± 5.3 6.5 ± 7.6

aPTT, (seconds)* 29.4 ± 3.0 29.2 ± 2.9 29.1 ± 3.1 28.8 ± 2.8

Factor VIII (%)* 125 ± 37 127 ± 35 129 ± 36 129 ± 35

VWF (%)* 112 ± 43 114 ± 44 116 ± 47 113 ± 43

D-dimer (μg/mL)** 0.39 ± 1.05 0.46 ± 1.33 0.48 ± 1.13 0.62 ± 1.82

Factor XI (%)** 107 ± 24 111 ± 25 115 ± 26 118 ± 28

Values correspond to means or percent. Plus-minus values are means ± SD.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; 
hsCRP, high-sensitivity C-reactive protein; aPPT, activated partial thromboplastin time; VWF, Von Willebrand factor.

1
Women only.

*
Visit 1 value (1987–1989).

**
Visit 3 value (1993–1995). The rest of covariates were measured in visit 4.
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Table 2.

Hazard ratios (95% confidence intervals) for the association between CP concentration and VTE risk, ARIC, 

1996–2011

Quartile 1 Quartile 2 Quartile 3 75–87.5th

percentile
87.5–100th

percentile
Continuous* P-

value^

CP (mg/L) < 248 248 to < 284.6 284.6 to < 335 335 to < 386.4 ≥ 386.4

# VTE cases 87 92 85 60 52 376

N 2486 2487 2480 1240 1240 9933

Hazard ratios (95% confidence intervals)

Model 1 1 (ref.) 1.09 (0.81, 1.47) 0.99 (0.72, 1.37) 1.53 (1.05, 2.21) 1.61 (1.06, 2.45) 1.20 (1.06, 1.35) 0.003

Model 2 1 (ref.) 1.09 (0.81, 1.46) 0.98 (0.71, 1.36) 1.50 (1.03, 2.18) 1.50 (0.98, 2.29) 1.16 (1.03, 1.30) 0.016

*
per 1-standard deviation increase in CP (77.1 mg/L)

^
P-value for the continuous analysis

Model 1: adjustment for age, sex, race, BMI and HRT.

Model 2: Model 1 + adjustment for diabetes mellitus, systolic blood pressure, activated partial thromboplastin time, Von Willebrand factor, D-
dimer, Factor VIII, Factor XI and hsCRP.
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Table 3.

Association between rs11708215, rs13072552 SNPs and difference in CP concentration

  rs11708215

AA AG GG

African Americans (N=1661) 1225 393 43

CP mean values (mg/L) 307.4 322.4 330.7

Difference (mg/dl), Model 1 ref. 16.6 (9.5, 23.7) 29.6 (10.7, 48.5)

Difference (mg/dl), Model 2 ref. 16.6 (9.6, 23.6) 30.3 (11.5, 49.1)

Whites (N=6778) 4331 2162 285

CP mean values (mg/L) 291.4 303.8 327.6

Difference (mg/dl), Model 1 ref. 11.7 (8.5, 14.9) 30.4 (22.9, 37.9)

Difference (mg/dl), Model 2 ref. 11.7 (8.5, 14.9) 29.8 (22.5, 37.2)

  rs13072552

GG GT TT

African Americans (N=1661) 550 824 287

CP mean values (mg/L) 308.9 309.2 323.9

Difference (mg/dl), Model 1 ref. 0.9 (−5.9, 7.6) 13.6 (4.5, 22.7)

Difference (mg/dl), Model 2 ref. 1.1 (−5.7, 7.8) 13.6 (4.6, 22.6)

Whites (N=6778) 5830 907 41

CP mean values (mg/L) 293.6 314.3 340.3

Difference (mg/dl), Model 1 ref. 20.9 (16.5, 25.2) 54.9 (35.8, 74.0)

Difference (mg/dl), Model 2 ref. 21.1 (16.8, 25.4) 53.8 (34.9, 72.7)

Model 1: adjustment for age, sex, race, BMI, HRT and PCAs (in African Americans).

Model 2: Model 1 + adjustment for diabetes mellitus, systolic blood pressure, activated partial thromboplastin time, Von Willebrand factor, D-
dimer, Factor VIII, Factor XI and hsCRP.
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Table 4.

Hazard Ratio (95% confidence interval) for the associations between the rs11708215 and rs13072552 SNPs 

with VTE risk

  rs11708215

AA AG GG

African Americans (N=1661) 1225 393 43

VTE cases 61 25 2

Model 1 1 (ref.) 1.31 (0.82, 2.10) 0.90 (0.22, 3.72)

Model 2 1 (ref.) 1.28 (0.80, 2.06) 1.06 (0.25, 4.41)

Whites (N=6778) 4331 2162 285

VTE cases 132 86 8

Model 1 1 (ref.) 1.31 (1.00, 1.72) 0.89 (0.43, 1.81)

Model 2 1 (ref.) 1.31 (1.00, 1.72) 0.89 (0.43, 1.82)

  rs13072552

GG GT TT

African Americans (N=1661) 550 824 287

VTE cases 21 50 17

Model 1 1 (ref.) 1.52 (0.91, 2.53) 1.40 (0.73, 2.69)

Model 2 1 (ref.) 1.54 (0.91, 2.61) 1.57 (0.81, 3.04)

GT/TT

Whites (N=6778) 5830 948

VTE cases 191 35

Model 1 1 (ref.) 1.12 (0.78, 1.61)

Model 2 1 (ref.) 1.11 (0.77, 1.59)

Model 1: adjustment for age, sex, race, BMI, HRT and PCAs (in African Americans).

Model 2: Model 1 + adjustment for diabetes mellitus, systolic blood pressure, activated partial thromboplastin time, Von Willebrand factor, D-
dimer, Factor VIII, Factor XI and hsCRP.

J Thromb Haemost. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arenas de Larriva et al. Page 17

Table 5.

Difference in CP concentration and venous thromboembolism risk by number of CP-increasing alleles in 

rs11708215 and rs13072552

0 risk alelles 1 risk alelle 2 risk alelles 3–4 risk alelles

N 4499 2497 1253 190

CP (mg/L) 291.0 303.7 317.7 332.1

VTE cases 133 117 59 5

AFRICAN AMERICANS

Difference in CP concentration (95% confidence intervals)

N 353 791 466 51

VTE cases 10 46 29 3

Model 1 Ref. 11.3 (3.5, 19.2) 23.4 (14.7, 32.1) 32.5 (14.2, 50.9)

Model 2 Ref. 11.8 (4.0, 19.7) 23.8 (15.1, 32.4) 32.9 (14.7, 51.2)

Hazard ratios (95% confidence intervals)

Model 1 1 (ref.) 2.03 (1.02, 4.04) 2.11 (1.02, 4.04) 1.73 (0.47, 6.37)

Model 2 1 (ref.) 2.26 (1.11, 4.60) 2.31 (1.10, 4.87) 2.24 (0.60, 8.38)

WHITES

Difference in CP concentration (95% confidence intervals)

N 4146 1706 787 139

VTE cases 123 71 30 2

Model 1 Ref. 9.9 (6.5, 13.5) 23.4 (18.7, 28.11) 39.3 (28.8, 49.8)

Model 2 Ref. 10.1 (6.6, 13.5) 23.2 (18.6, 27.9) 39.2 (28.8, 49.5)

Hazard ratios (95% confidence intervals)

Model 1 1 (ref.) 1.39 (1.04, 1.86) 1.28 (0.86, 1.91) 0.48 (0.12, 1.94)

Model 2 1 (ref.) 1.38 (1.03, 1.85) 1.29 (0.87, 1.93) 0.45 (0.11, 1.83)

Model 1: adjustment for age, sex, race, BMI, HRT and PCAs (in African Americans).

Model 2: Model 1 + adjustment for diabetes mellitus, systolic blood pressure, activated partial thromboplastin time, Von Willebrand factor, D-
dimer, Factor VIII, Factor XI and hsCRP.
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Table 6.

Difference in ceruloplasmin concentration, hazard ratios (HR) and 95% confidence intervals (CI) of venous 

thromboembolism by haplotypes of rs11708215 and rs13072552

African Americans (n = 1661)

Haplotype (rs11708215 / 
rs13072552)

N VTE events Ceruloplasmin (mg/L) Difference in CP 

(adjusted)***
HR (95%CI) of AF 

(adjusted)***

AA / GG 353 10 298.4 Ref. 1 (Ref.)

AA / GT 621 36 305.3 7.6 (−0.5,15.7) 2.19 (1.05,4.55)

AA / TT 251 15 323.4 22.7 (12.6,32.9) 2.35 (1.02, 5.39)

AG / GG 170 10 324.8 26.9 (15.6,38.1) 2.50 (1.02,6.13)

AG / GT 188 13 321.8 22.4 (11.5,33.3) 2.36 (1.01,5.50)

AG / TT 35 2 326.9 30.5 (8.9,51.9) 2.01 (0.43,9.44)

GG / xx * 43 2 339.3 38.9 (19.4,58.4) 1.98 (0.43,9.26)

Whites (n = 6778)

Haplotype (rs11708215 / 
rs13072552)

N VTE events Ceruloplasmin (mg/L) Difference in CP 

(adjusted)***
HR (95%CI) of AF 

(adjusted)***

AA / GG 4146 123 290.4 Ref. 1 (Ref.)

AA / GT 183 9 311.0 23.6 (14.5,32.7) 1.49 (0.76,2.94)

AG / GG 1523 62 299.7 8.5 (4.8,12.1) 1.37 (1.01,1.86)

AG / GT 624 24 312.4 22.6 (17.4,27.7) 1.32 (0.85,2.04)

GG / GG 161 6 318.8 24.7 (15.1,34.4) 1.23 (0.54,2.79)

GG / GT 100 2 332.3 33.5 (21.3,45.6) 0.65 (0.16,2.62)

xx / TT ** 41 0 340.3 56.7 (37.9,75.6)

*
GG / xx: 27 GG / GG (1 VTE case), 15 GG / GT (1 VTE case) and 1 GG / TT (0 VTE cases)

**
xx / TT: 2 AA / TT (0 VTE cases), 15 AG / TT (0 VTE cases), 24 GG / TT (0 VTE cases)

***
Adjusted for [variables in Model 1+2 + principal components in African Americans]
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