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Abstract

Background—Recent studies suggest atrial fibrillation (AF) is an independent risk factor for 

coronary heart disease (CHD).

Aims—To determine if alterations in hemostasis or inflammation explain the association between 

AF and CHD.

Methods—C-reactive protein (CRP), D-dimer, factor VIII, and fibrinogen were measured in 

incident CHD cases (n=647) and a stratified cohort random sample (CRS, n=1,104) between 2003 

and 2007 from the REasons for Geographic And Racial Differences in Stroke (REGARDS) study. 
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Using a case-cohort approach, Cox models examined whether inflammation or hemostasis 

biomarkers explained the association between AF and CHD.

Results—In participants free of CHD at baseline, 12.2% of CHD cases and 7.1% of the CRS had 

AF. Over a median follow-up of 4.4 years, all biomarkers were associated with an increased risk 

of CHD in those with and those without AF after adjusting for CHD risk factors. The association 

of D-dimer with CHD was greater in those with AF (HR 2.52, 95% CI=1.49, 4.26) than those 

without AF (HR 1.34, 95% CI=1.12, 1.61) (p-interaction=0.02). Similar interactions were not 

observed for the other biomarkers.

Conclusions—Our results suggest that alterations in D-dimer, a marker of hemostasis, explain 

the association between AF and CHD. Potentially, D-dimer is a useful biomarker to assess CHD 

risk in persons with AF.

Keywords

atrial fibrillation; coronary disease; biological markers

INTRODUCTION

Atrial fibrillation (AF) affects approximately 3 million Americans and the prevalence is 

projected to increase to ~5.6 million over the next 30 years.1,2 For unknown reasons, AF 

recently has been implicated as an independent risk factor for cardiovascular mortality and 

fatal and non-fatal coronary heart disease (CHD).3–7

Increased levels of inflammation and hemostasis biomarkers are associated with AF and 

CHD.8–12 Persons with AF who have increased fibrin-fragment D-dimer (D-dimer) levels 

have a higher risk of stroke and CHD events.8–10 Similarly, increased levels of circulating 

C-reactive protein (CRP) are associated with an increased risk of stroke, vascular events, 

and mortality in persons with AF.11,12 Potentially, alterations in inflammation or hemostasis 

explain the increased CHD risk in those with AF.

Using data from the REasons for Geographic And Racial Differences in Stroke 

(REGARDS) study, we examined whether CRP, D-dimer, factor VIII, or fibrinogen were 

associated with CHD in individuals with AF and whether these biomarkers modified the 

association between AF and CHD. We hypothesized that the CHD risk in persons with AF 

would either be modified or dependent on elevated biomarkers of inflammation or 

hemostasis. For this analysis, we assumed that D-dimer and factor VIII were representative 

biomarkers of hemostasis, and that CRP and fibrinogen were markers of inflammation.13 By 

understanding what drives the increased CHD risk in AF, future investigators will be able to 

develop strategies to assess CHD risk and reduce the burden of CHD in persons with AF.

METHODS

Study Population

REGARDS is a prospective cohort study designed to identify causes of regional and racial 

disparities in stroke mortality in the contiguous United States. Between January 2003 and 

October 2007, a total of 30,239 participants were recruited by over-sampling blacks and 
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residents of the southeastern stroke belt region (North Carolina, South Carolina, Georgia, 

Alabama, Mississippi, Tennessee, Arkansas, and Louisiana). Demographic information, 

medical history, and oral informed consent were obtained using a computer-assisted 

telephone interview followed by an in-home visit for written informed consent, physical 

examination, and fasting phlebotomy 3 to 4 weeks after the telephone interview. The study 

received institutional review board approval from all participating institutions. Details of the 

study design have been published previously.14

We examined whether inflammatory or hemostasis biomarkers were associated with CHD in 

individuals with AF and whether these biomarkers modified the association between AF and 

CHD. Participants with AF were identified at baseline and followed for subsequent CHD 

events. CRP, D-dimer, factor VIII, and fibrinogen were measured using a stratified case-

cohort design.15 This analysis included all CHD cases (n=647) occurring between 2003 and 

2009 (December 31, 2009). These participants were followed at 6 month intervals by 

telephone for the detection of incident CHD events, including possible cases. In addition, a 

cohort random sample (CRS; n=1,104) was selected and stratified to ensure representation 

across age, race, and sex.16 Of these, 224 individuals with prevalent CHD at baseline were 

excluded and 883 participants remained in the CRS.

Coronary Heart Disease Events

CHD was defined as the composite of definite and probable myocardial infarction (MI) and 

definite and probable acute cardiac death. Events were adjudicated by an expert panel and 

details of the CHD adjudication process in REGARDS have been described.17 Cases were 

assigned to 2 independent adjudicators and disagreements were adjudicated by committee 

review. The test for agreement between adjudicators yielded a κ level >0.80 for the presence 

of definite or probable MI and definite or probable acute cardiac death.

Guided by current expert opinion, medical records for suspected cases of MI were obtained 

and reviewed for the presence of the following: presence of signs or symptoms suggestive of 

ischemia; a rising and/or falling pattern in cardiac enzyme levels (troponin or CK-MB) over 

6 or more hours with a peak level ≥2 times the upper limit of normal; and electrocardiogram 

changes consistent with ischemia or MI, guided by the Minnesota code and classified as 

evolving diagnostic, positive, nonspecific, or not consistent with ischemia.18,19 Definite 

cases of MI included those with diagnostic enzymes or electrocardiogram. Probable MI 

included cases with elevated but not diagnostic enzymes with a positive but non-diagnostic 

electrocardiogram, or a positive electrocardiogram in the presence of ischemic signs or 

symptoms if cardiac enzyme data were missing.

Acute cardiac death was ascertained using the following sources of data: interviews with 

proxies or next of kin about circumstances immediately prior to death, autopsy reports, 

hospital records, death certificates, or National Death Index data. For hospitalized events, 

the underlying cause was definite or probable if the death occurred within 28 days of 

hospital admission in definite or probable MI cases; postmortem findings were consistent 

with MI within 28 days; or the death occurred within 6 hours of hospital admission with 

symptoms and/or signs consistent with cardiac etiology and other confirmatory data (e.g., 

cardiac enzymes or electrocardiographic data). For non-hospitalized events, the cause of 
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death was definite or probable acute CHD if the death included one of the following: sudden 

cardiac death; documented definite or probable MI within 28 days of death and no evidence 

of a non-coronary etiology; autopsy evidence of recent coronary occlusion or MI within 28 

days of death; history of CHD and/or documented cardiac pain within 72 hours preceding 

death and no evidence of a non-coronary etiology; or autopsy evidence of chronic CHD 

(e.g., coronary atherosclerosis and myocardial scarring).

Laboratory

Blood was collected during the in-home examination after an 8- to 10-hour fast and sample 

processing and validation of the laboratory data have been reported.20 Fasting morning 

blood samples were obtained and after centrifugation, serum, plasma, and the cell layer were 

shipped overnight with 2 frozen gel ice packs to the University of Vermont Laboratory for 

Clinical Biochemistry Research. Upon receipt, samples were catalogued and re-centrifuged 

at 4 °C for 30,000 g-minutes, then stored at -80 °C. The following analytes were used in this 

analysis: total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density 

lipoprotein (LDL) cholesterol, fasting glucose, CRP, D-dimer, factor VIII, fibrinogen, serum 

creatinine, and urinary albumin and creatinine from a spot urine specimen.20,21

Covariates

Age, sex, race (black or white), smoking status, and region of residence were self-reported. 

Smoking was defined as current, never, or former. Diabetes was classified as present if the 

fasting glucose level was ≥126 mg/dL (or non-fasting glucose ≥200 mg/dL in those failing 

to fast) or if participants reported the use of insulin or oral hypoglycemic medications. The 

current use of aspirin, statins, warfarin, and antihypertensive and lipid-lowering medications 

was self-reported. Body mass index was computed as the weight in kilograms divided by the 

square of the height in meters. After each participant rested for 5 minutes in a seated 

position, blood pressure was measured using a sphygmomanometer. Two values were 

obtained following a standardized protocol and averaged. Baseline renal disease was 

assessed by serum creatinine measurements and estimated glomerular filtration rate (eGFR) 

was estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equation. eGFR was dichotomized at 60 mL/min per 1.73 m2. Additionally, urine albumin-

to-creatinine ratio (ACR) was calculated. Baseline cardiovascular disease was confirmed by 

self-reported history of stroke or peripheral arterial disease. AF was identified at baseline by 

the study-scheduled electrocardiogram recorded during the in-home visit and also from 

participant self-reported history during the computer-assisted telephone survey.22

Statistics

Biomarkers with a skewed distribution by visual inspection (CRP and D-dimer) were log-

transformed for all analyses. Categorical variables were reported as frequency and 

percentage while continuous variables were recorded as mean ± standard deviation (SD), 

accounting for sample weighting. Statistical significance for categorical variables was tested 

using the chi-square procedure and the student’s t-test for continuous variables. Weighted 

linear regression was used to determine if CRP, D-dimer, factor VIII, or fibrinogen were 

associated with baseline AF. Cox regression was used to compute hazard ratios (HR) with 

robust sandwich estimators to compute the 95% confidence intervals (CI) for the association 
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between AF and CHD. Model 1 included basic demographics (age, sex, race, region of 

residence, education, and income). Model 2 included Model 1 covariates plus smoking, total 

cholesterol, HDL cholesterol, systolic blood pressure, diabetes, cardiovascular disease, 

aspirin, statins, warfarin, and antihypertensive medications. A sensitivity analysis was 

performed with markers of renal dysfunction (eGFR <60 mL/min per 1.73 m2 and log ACR) 

and inflammation (CRP) to ensure these factors did not alter the relationship between AF 

and CHD. We then individually added each hemostasis or inflammation biomarker to the 

model and calculated the percent change in the HR for CHD. If the percent change was 

≥10% in the main analysis, a formal mediation analysis was performed. To further explore 

CHD risk in those with AF, interactions between AF and each biomarker were tested using 

interaction terms. Subgroup analyses stratified by race and sex also were performed. 

Statistical significance was defined as p <0.05. SAS Version 9.3 (Cary, NC) was used for all 

analyses. In this analysis, participants were excluded if they had baseline CHD, missing AF 

data, or missing biomarker data. Participants lost to follow-up were censored at last contact.

RESULTS

After excluding 10 participants with missing baseline data regarding AF and CHD, 12.2% 

(79/647) of CHD cases and 7.2% (weighted, 63/883) of the CRS had AF. Baseline 

characteristics of the CHD group and the CRS are shown in Table 1.

Table 2 presents the association of inflammation and hemostasis biomarkers with AF. 

Accounting for age, sex, race, region of residence, body mass index, aspirin use, statin use, 

and warfarin use, mean levels of factor VIII and fibrinogen were 10.2 mg/L (95% CI=1.1, 

19.3) and 27.4 mg/L (95% CI=9.7, 45.0) higher in participants with baseline AF than those 

without baseline AF, respectively. No baseline association was observed between CRP or D-

dimer and AF.

The association of AF with CHD is shown in Table 3. Over a median follow-up of 4.4 years, 

AF was associated with an increased risk of CHD in all models. In the basic model adjusted 

for age, sex, race, region of residence, and education, AF was associated with an increased 

risk of CHD (HR=2.18, 95%CI=1.36, 3.48). A similar result was obtained with further 

adjustment for covariates included in Model 2 (HR=2.08, 95%CI=1.15, 3.74). The inclusion 

of markers of renal dysfunction and CRP did not alter the association of AF with CHD 

(Model 3: HR=2.08, 95%CI=1.10, 3.93). Differences were not observed, when the analysis 

was stratified by race and sex (Table 3).

The addition of factor VIII and fibrinogen individually attenuated the HR in Model 2 by 

more than 10% and a formal mediation analysis was performed (Table 3). However, the 

median percent changes in the HRs for factor VIII (19%, 95%CI=−35%, 60%) and 

fibrinogen (9.9%, 95%CI=−19%, 40%) were not significant.

A significant interaction between D-dimer and AF was observed with the association of D-

dimer with CHD being stronger in those with AF (adjusted HR=2.52, 95%CI=1.49, 4.26) 

than those without AF (adjusted HR=1.34, 95%CI=1.12, 1.61) (p-interaction=0.02) (Table 

4). The risk of CHD at various D-dimer values for those with AF is shown in Figure 1. 
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Furthermore, the association of AF with CHD was dependent on high D-dimer values. The 

CHD risk for those with AF compared with participants without AF among those with D-

dimer levels above the median value (0.18 mg/L) was nearly 3-fold (HR=2.83, 95%CI=1.59, 

5.04) greater than those below the median value (HR=1.27, 95%CI=0.06, 25.45). Similar 

interactions were not observed for CRP, factor VIII, and fibrinogen.

DISCUSSION

In this analysis from REGARDS, the association of AF with CHD was dependent on D-

dimer levels, a biomarker of hemostasis. Our results suggest that derangements in 

hemostasis are a key marker for CHD risk in those with AF and potentially D-dimer is able 

to assess CHD risk in this population.

The increased risk of CHD events in persons with AF was first explored in the REduction of 

Atherothrombosis for Continued Health (REACH) Registry in which those with AF were 

shown to have higher rates of fatal and non-fatal cardiovascular outcomes.3 Recent data also 

have shown that AF is strongly associated with future CHD events, independent of 

traditional CHD risk factors.4–7 Extending previous research, our data suggest that 

alterations in hemostasis, as measured through D-dimer, play a key role in the increased 

CHD risk among persons with AF. Similar interactions were not observed for CRP, factor 

VIII, and fibrinogen. This likely is due to D-dimer being a more sensitive marker of 

hemostasis activation in AF that is relevant to the pathophysiology of acute CHD events.

The association between hypercoagulability and AF has been previously described.23 The 

most frequent clinical manifestation of this association is atrial thrombogenesis and further 

embolization which often leads to stroke or other thromboembolic complications.24 Data 

from the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial and 

other studies have shown that elevated D-dimer are observed in those with AF and in AF 

patients who are high risk for stroke.25–27 Our findings show that the association between 

AF and CHD potentially is driven by higher D-dimer levels, suggesting that alterations in 

hemostasis explain the increased CHD risk observed in AF. We are not aware of other 

research showing that the increased CHD risk observed among those with AF likely is 

attributed to alterations in hemostasis. The fact that D-dimer levels are reduced among AF 

patients who receive warfarin therapy and the risk of CHD is reduced in AF patients who 

use vitamin K antagonists further supports this observation.5,28

Dabigatran, a novel oral anticoagulant approved to prevent stroke and systemic embolization 

in AF patients, has been linked to an increased risk of CHD compared with warfarin in the 

RE-LY trial.29,30 In contrast, agents that inhibit factor Xa (e.g., rivaroxaban and apixaban) 

are not associated with an increased risk of MI compared with warfarin.31,32 The association 

of direct thrombin inhibitors with CHD compared with warfarin was not seen in trials of 

dabigatran to treat venous thrombosis, a population of presumably low CHD risk.33,34 In 

aggregate, these data suggest that medications which affect hemostasis impact CHD risk and 

our results confirm these findings in persons with AF. Due to the increased CHD risk in AF, 

studies are needed to determine the most efficacious anticoagulation treatment to reduce the 

likelihood of further CHD events in this population. Additionally, the role of D-dimer in AF 
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management and risk prediction of adverse cardiovascular events, such as CHD, merits 

further exploration.

Inflammation, coagulation, and fibrinolysis are implicated in the pathophysiology of 

CHD.35–38 These processes are related to the acute plaque rupture and subsequent 

thrombosis that is observed during acute MI and CHD death. Additionally, AF is associated 

with increased levels of inflammation, implicating this process as a confounding factor.39,40 

However, our data suggest that the association of AF with CHD is dependent on 

abnormalities in hemostasis and coagulation instead of inflammation. This is supported by 

recent data showing that the association between AF and MI is limited to NSTEMI.7 This 

would suggest that that alterations in hemostasis and thrombotic risk in AF lead to partial 

coronary occlusion that results in myocardial injury with increased oxygen demand (e.g., 

demand ischemia) rather than acute atherosclerotic plaque rupture.

This study should be interpreted in the context of several limitations. Cases of AF were 

ascertained by self-reported history and baseline electrocardiogram data. Self-reported AF 

cases subjected our analysis to recall bias. However, we have shown that self-reported AF in 

our cohort serves as a reliable and strong predictor of stroke events that can be used 

interchangeably or in combination with electrocardiogram-detected AF as a predictor of 

stroke.22 Potentially, non-permanent cases of AF were missed as we relied on single 

electrocardiogram measurements. Due to the small number of CHD events, we were unable 

to stratify our analysis by MI type (e.g., STEMI vs. NSTEMI). Despite the number of CHD 

cases, AF is a not a common risk factor and we were unable to detect significant mediation 

for the biomarkers examined. A larger study would be needed to address this question. 

Overall, these limitations would bias our results towards the null rather than inflating the 

association. Furthermore, although we adjusted for potential confounders, we acknowledge 

that residual confounding remains a possibility.

In conclusion, we have demonstrated that that the association of AF with CHD is dependent 

on D-dimer levels, a marker of hemostasis. Potentially, anticoagulation strategies in AF have 

implications beyond stroke prevention to decrease CHD risk. Future studies are needed to 

clarify the role of D-dimer in CHD prediction among those with AF and to determine which 

anticoagulation therapies are able to reduce the CHD burden in this population.
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Figure 1. 
Association of AF with CHD across D-dimer levels.

AF=atrial fibrillation; CHD=coronary heart disease.
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Table 2

Baseline Association of Biomarkers with AF*

Biomarker β (95%CI) P-value

Log[CRP] 0.09 (−0.15, 0.33) 0.45

Log[D-dimer] 0.08 (−0.09, 0.25) 0.34

Factor VIII 10.2 (1.1, 19.3) 0.03

Fibrinogen 27.4 (9.7, 45.0) 0.002

*
Adjusted for age, sex, race, region, body mass index, aspirin use, statin use, and warfarin use.

AF=atrial fibrillation; CI=confidence interval; CRP=C-reactive protein
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Table 4

Risk of CHD with Biomarkers by AF

Biomarker* AF No AF P-Interaction

Log[CRP] (per SD unit = 1.13) 1.13 (0.68, 1.90) 1.37 (1.16, 1.62) 0.49

Log [D-dimer] (per SD unit = 0.83) 2.52 (1.49, 4.26) 1.34 (1.12, 1.61) 0.02

Factor VIII (per SD unit = 40) 1.16 (0.85, 1.59) 1.49 (1.27, 1.75) 0.15

Fibrinogen (per SD unit = 101) 2.02 (1.01, 4.05) 1.26 (1.06, 1.51) 0.18

*
Adjusted for age, sex, race, region, education, income, smoking, total cholesterol, HDL cholesterol, systolic blood pressure, diabetes, 

cardiovascular disease, aspirin, statins, warfarin, and antihypertensive medications.

AF=atrial fibrillation; CHD=coronary heart disease; CRP=C-reactive protein; HDL=high-density lipoprotein; SD=standard deviation.
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