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Tracy Y. Wang, MD, MHS, MSca, Gregg C. Fonarow, MDc, Michael Pencina, PhDa

aDuke Clinical Research Institute, Duke University, Durham, NC

bNovartis Pharmaceutical Corporation, East Hanover, NJ
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Abstract

Importance—The extent to which levels of high-sensitivity C-reactive protein (hs-CRP), a 

known marker of increased cardiovascular risk, are elevated and are associated with standard 

cardiovascular risk factors in patients with a history of myocardial infarction (MI) is unknown.

Objectives—To determine the pattern and determinants of the distribution of hs-CRP in those 

with a prior MI in the United States using a nationally representative sample.

Design and Participants—Adults with hs-CRP data in the National Health and Nutrition 

Examination Surveys from 1999–2010.

Results—Among 1296 individuals in our cohort, the median age was 65 years and the median 

hs-CRP level was 2.69 mg/L, measured an average of 7.1 years after the MI. Among these 

patients, 22% had hs-CRP levels of <1 mg/L, 61% had ≥2 mg/L, and 48% had ≥3 mg/L. 

Increasing hs-CRP was associated in a multivariable model with increasing body mass index 

(partial R2 [pR2] 0.113, P< .001), increasing non-high-density lipoprotein [HDL] (pR2 0.030, P< 

.001), increasing age (pR2 0.008, P = .017), and decreasing HDL (pR2 0.005, P = .046). Adjusted 

mean hs-CRP was also higher in women (3.6 vs 2.7 mg/L; P< .001), in people with hypertension 

(3.5 vs. 2.8, P = .030), and among smokers (4.2 vs 2.3 mg/L; P< .001), and lower in people with 

hyperlipidemia (2.8 vs. 3.5, P = .007). Standard cardiovascular risk factors accounted for only 

22% of the variability in hs-CRP levels.
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Conclusions and Relevance—Among patients with prior MI, elevated hs-CRP is prevalent 

several years after the MI, and standard cardiovascular risk factors explain only a small proportion 

of hs-CRP variability. In light of emerging evidence on the importance of inflammation in the 

pathogenesis of cardiovascular disease, the high prevalence of elevated hs-CRP in patients with 

prior MI in the United States may have public health implications.

C-reactive protein is an acute-phase reactant that is a marker of cardiovascular risk in both 

the primary and secondary prevention populations.1,2 There is also increasing evidence 

that chronic inflammation plays a role in the initiation and progression of atherosclerotic 

cardiovascular disease. The Justification for the Use of Statins in Primary Prevention: An 

Intervention Trial Evaluating Rosuvastatin (JUPITER) study demonstrated prospectively 

that statin therapy improves cardiovascular outcomes in individuals with an elevated high-

sensitivity-CRP (hs-CRP) but no prior history of coronary heart disease.3

There has also been a growing interest in exploring the relationship between cardiovascular 

disease and inflammation in the secondary prevention population. Bohula et al demonstrated 

that post-myocardial infarction (MI) patients with an hs-CRP level of <2 mg/L have 

improved long-term cardiovascular outcomes compared with those with an hs-CRP level of 

≥2 mg/L.4 The recently published CANTOS (Canakinumab Antiinflammatory Thrombosis 

Outcome Study) trial showed that among patients with prior MI and hs-CRP ≥2 mg/L, 

a monoclonal antibody targeting interleukin-1β was associated with fewer cardiovascular 

events, independent of lipid-level lowering.5 This large, randomized placebo-controlled trial 

lends support to the hypothesis that inflammation plays a critical role in the pathogenesis of 

cardiovascular disease.

However, it is not known what proportion of patients with prior MIs have elevated hs-CRP 

levels, or how much of the variation of hs-CRP can be explained by standard cardiovascular 

risk factors. If a large proportion of patients with prior MI in the United States have elevated 

hs-CRP levels, this could have wide-ranging public health consequences, both in terms of 

risk of subsequent disease and in terms of appropriate risk management. Using a nationally 

representative sample of adults, our goal was to determine the pattern and determinants of 

the distribution of hs-CRP in those with a prior MI in the United States.

Methods

We used data from the National Health and Nutrition Examination Survey (NHANES), 

which contains a representative sample of the US civilian, non-institutionalized population.6 

NHANES interviews approximately 10,000 people, of whom 95% have laboratory data 

collected, in 2-year cycles. From the continuous surveys in which hs-CRP data were 

collected (1999–2010, N = 62,160), we identified a subset of subjects who reported a prior 

MI and had hs-CRP data available (N = 1296). Only 7% of individuals with a prior MI who 

were in the randomly-selected laboratory subsample did not have hs-CRP data available. 

Their characteristics are shown in eTable I.

All analyses were performed according to NHANES analytic guidelines, utilizing sample 

weights to account for the complex, multistage probability-sampling design of NHANES, 

nonresponse rates, and oversampling of certain segments of the population.7,8 We 
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determined the distribution of hs-CRP in the US population of patients with prior MI. For 

ease of presentation, we also summarized clinical characteristics using the clinically relevant 

threshold of 2 mg/L3,4 and the exploratory threshold of 3 mg/L. We performed univariable 

linear regression models to evaluate the association of hs-CRP with cardiovascular disease 

risk factors. Laboratory values that required fasting (low-density lipoprotein cholesterol, 

triglycerides, glucose) were collected in ~30% of patients. To limit the undue influence of 

large observations, hs-CRP was log-transformed in all models.

To develop a multiple regression model for hs-CRP, we used 733 patients who had complete 

data for all predictors of interest; these patients were similar in baseline characteristics to 

the patients not included (data not shown). We used backward selection among the following 

candidate predictors, chosen as standard cardiovascular risk factors based on clinical input: 

age, sex, race (white, black, Hispanic, or other), body mass index (BMI), current smoking 

status, hypertension, antihypertensive medication use, hyperlipidemia, use of lipid lowering 

agent, diabetes, systolic blood pressure, high-density lipoprotein cholesterol (HDL-C), non-

HDL-C, glycated hemoglobin (HbA1c), and estimated glomerular filtration rate (eGFR). 

Non-HDL-C was chosen rather than low-density lipoprotein cholesterol (LDL-C) because 

it is a better predictor of cardiovascular disease.9,10 Prior to variable selection, continuous 

predictors were evaluated for the linearity of their relationship with hs-CRP, using restricted 

cubic splines, and only slight non-linearity was detected; therefore, to provide easily 

interpretable coefficients, all were entered into the multivariable model using linear terms. 

To address the possibility that the relationship between BMI and hs-CRP differs by sex, an 

interaction between sex and BMI was tested, and because this was significant, estimation 

for BMI was carried out within each sex. Estimation in the final model was based on 959 

patients with complete data for the selected predictors. For categorical predictors, the least 

squares mean was used to illustrate the relationship with hs-CRP; for continuous predictors, 

the beta-coefficient was used. As in the univariable analyses, hs-CRP was log-transformed in 

the model, but then exponentiated to return to the original scale in the presentation. Partial 

R2 was calculated as: (R2
full − R2

reduced)/(1 − R2
reduced) where R2

reduced is the R2 from the 

model without the variable.

To further understand the potential significance of an elevated hs-CRP level in the 

population of patients with a prior MI, we evaluated the proportion of prior MI patients 

who had hs-CRP ≥2 mg/L, but who did not have other standard risk factors including 

diabetes mellitus, hypertension, hyperlipidemia, and current smoking status. All analyses 

were performed with SAS version 9.4 or higher (SAS Institute, Cary, NC). Survey-specific 

procedures (SURVEYMEANS, SURVEYFREQ, and SURVEYREG) were used.

Results

We identified 1296 individuals who had a prior MI, representing approximately 6.3 million 

people (3.5% of the US population). As expected, the hs-CRP distribution was skewed to the 

left, with a mean of 5.84 mg/L and a median of 2.69 mg/L (25th, 75th percentiles 1.06, 6.40) 

(Figure 1). Approximately 61% (95% CI 58%–65%) of the prior MI population had hs-CRP 

≥2 mg/L. These patients, versus those with hs-CRP <2 mg/L, were younger, more frequently 

female and non-white, and had a higher rate of smoking, hyperlipidemia, and stroke history 
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(Table I). Individuals with hs-CRP ≥2mg/L less frequently had a history of hypertension or 

were on statin therapy. Clinical characteristics are also displayed using the hs-CRP threshold 

of 3 mg/L in eTable II.

Univariable regression revealed that hs-CRP was most strongly associated with BMI (R2 

0.10, P< .0001), non-HDL-C (R2 0.05, P< .0001), current smoking status (R2 0.04, P 
< .0001), HDL-C (R2 0.03, P < .0001), triglycerides (R2 0.03, P = .0056), female sex 

(R2 0.03, P < .0001), and antihypertensive medication use (R2 0.01, P = .0006). In the 

multivariable model, BMI was the most significant continuous predictor of hs-CRP. There 

was a significant interaction (P = .010) between sex and BMI; hs-CRP increased by a 

factor of 1.09 (95% CI 1.07–1.10) for every 1 kg/m2 increase in women and by a factor of 

1.05 (1.03–1.07) for every 1 kg/m2 increase in men. Overall, BMI accounted for 11.3% 

of the variation in hs-CRP (Table II). Non-HDL-C and HDL-C were also significant 

continuous predictors of hs-CRP, with a 1.05 (95% CI 1.03–1.07) -fold and a 1.05 (95% 

CI 1.00–1.11) -fold increase per 10 mg/L increase of non-HDL-C and 10 mg/L decrease of 

HDL-C, respectively (eFigure 1). Greater age, current smoking, female sex, hypertension, 

and absence of hyperlipidemia were also associated with higher hs-CRP levels (Table II).

The overall R2 of the regression model was 0.22, indicating that only 22% of the variation 

in hs-CRP level in the US population with a prior MI can be explained by other traditional 

cardiovascular risk factors that were included in this analysis. Among individuals with a 

prior MI in the United States, 6% (95% CI 4–7%) had an elevated hs-CRP ≥2 mg/L, 

but did not have other standard modifiable risk factors such as diabetes, hypertension, 

hyperlipidemia, or current smoking status. Among all prior MI patients with an elevated 

hs-CRP ≥2 mg/L, 9% (95% CI 7–12%) did not have any of the standard modifiable risk 

factors listed above.

Discussion

C-reactive protein is a known marker of cardiovascular risk in patients with a history of MI. 

Our results indicate that an estimated 61% of individuals with a prior MI in the United States 

have an elevated hs-CRP level (≥2 mg/L). Increasing hs-CRP is associated with increasing 

BMI, non-HDL-C, and age, decreasing HDL-C, female sex, smoking, hypertension, and 

absence of hyperlipidemia. However, standard cardiovascular risk factors account for only 

22% of the variability in hs-CRP. Further, 6% of individuals with a prior MI in the United 

States have an elevated hs-CRP level as their only major modifiable risk factor.

The proportion of individuals with a prior MI who have hs-CRP ≥2 mg/L in our study is 

greater than the proportion of the general U.S. population with elevated hs-CRP. A prior 

analysis of NHANES data revealed that an estimated 52% of patients in the general U.S. 

adult population have hs-CRP levels ≥2 mg/L.11 This higher prevalence of hs-CRP elevation 

in the prior MI population, along with the apparent independence of the distribution from 

other cardiovascular risk factors, lend some support to the hypothesis that inflammation 

may lie in the causal pathway of vascular disease. This hypothesis is further bolstered by 

the CANTOS trial, which showed cardiovascular benefit of canakinumab, a monoclonal 

antibody targeting interleukin-1β.5 There are other ongoing trials to evaluate the potential 
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benefit of inflammation reduction in cardiovascular disease. The Colchicine Cardiovascular 

Outcomes Trial (COLCOT) will assess whether long-term colchicine therapy reduces 

cardiovascular events in patients after MI.12 The effect of methotrexate on patients with 

prior MI and diabetes or metabolic syndrome is being assessed in the Cardiovascular 

Inflammation Reduction Trial (CIRT).13 If inflammation does indeed lie in the causal 

pathway of cardiovascular disease, then the high prevalence of inflammation in individuals 

with prior MI, as is evidenced in this study, is of public health concern.

Several caveats should be considered when interpreting our results. Because these 

are observational data, our analyses may be affected by residual confounding, despite 

adjustment for multiple possible confounders. In addition, the trajectory of hs-CRP levels 

over time and the clinical outcomes of participants are unknown, since NHANES is a 

cross-sectional study rather than a prospective cohort study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding:

Novartis Pharmaceutical Corporation.
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Figure 1. 
Distribution of high-sensitivity C-reactive protein (hs-CRP) values among individuals with a 

prior myocardial infarction.
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