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Abstract

Background—The prognostic value of hsCRP in contemporary multi-ethnic populations is
unclear, particularly in statin users. The aim of this study was to characterize the prognostic utility
of hsCRP for atherosclerotic CVD (ASCVD) risk prediction in a multi-ethnic population including
non-users and users of statins followed for more than 13 years. Associations with heart failure
(HF), atrial fibrillation (AF), venous thromboembolism (VTE), cancer, and all-cause death were
also examined.

Methods and Results—We evaluated 6,757 participants from the Multi-Ethnic Study of
Atherosclerosis (MESA; 1,002 using statins at baseline), median follow-up 13.2 years. Higher
levels of hsCRP were associated with a higher risk of all study endpoints in the unadjusted Cox
Proportional Hazards regression analyses, except AF. Among non-users of statins, hsCRP only
remained associated with VVTE after adjusting for ASCVD risk factors, and did not improve risk
prediction. Among users of statins, hsCRP did not improve ASCVD risk prediction either,
although it was strongly associated with incident HF (HR for hsCRP =2 vs <2 mg/L 3.99; 95% ClI
2.02, 7.90) and all-cause death (HR 1.52; 95% CI 1.11, 2.08) in multivariable analyses, and hsCRP
significantly improved prediction of HF (area under the curve [AUC] basic model 0.741, AUC
basic+hsCRP 0.788).

Conclusions—The utility of hsCRP for ASCVD prediction was modest. On the other hand,
hsCRP was associated with incident VTE in statin non-users, and all-cause mortality and HF in
statin users. In the latter, hsCRP improved the prediction of incident HF events. This finding
should be replicated in larger cohorts.

Keywords
Inflammation; C-reactive protein; prognosis; prediction; cardiovascular disease; heart failure

1. Introduction

Inflammation is a key common upstream factor in the pathogenesis of a number of diseases,
including coronary atherothrombosis [1-4] and cancer [5-7]. Lifestyle interventions such as
exercise, weight loss, and adherence to a healthy diet are known to reduce inflammation
[8-10] and are associated with improved health outcomes [10-12].

Consistent with this, measures of subclinical inflammation such as high sensitivity C-
reactive protein (hsCRP) have been proposed as tools to enhance disease risk assessment
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[13,14]. Specifically, the 2013 American College of Cardiology / American Heart
Association (ACC/AHA) recommended using hsCRP =2 mg/L to augment 10-year
atherosclerotic cardiovascular disease (CVD) risk assessment in asymptomatic individuals in
whom preventive management is uncertain after traditional risk factor assessment [14].
Studies such as the 2008 Justification for the Use of Statins in Primary Prevention: an
Intervention Trial Evaluating Rosuvastatin (JUPITER) [15] or recently the Canakinumab
Anti-inflammatory Thrombosis Outcomes Study (CANTOS) [16] have also used hsCRP =2
mg/L to identify primary and secondary prevention populations at increased risk of events
who might benefit from additional pharmacological interventions.

The independent prognostic value of hsCRP beyond traditional risk factors, however, has
been reported to be modest in several primary prevention populations [17]. Also, the
influence of statin therapy on the prognostic capacity of hsCRP is not fully understood. The
purpose of this study was thus to characterize, in a contemporary, multi-ethnic population
including non-users and users of statins, the prognostic utility of hsCRP for the prediction of
atherosclerotic CVD (ASCVD) events, after a median of more than 13 years of follow-up.
Additionally, given recent interest in inflammatory biomarkers across a spectrum of
diseases, in exploratory analyses we also evaluated the prognostic value of hsCRP for the
prediction of heart failure (HF), atrial fibrillation (AF), venous thromboembolism (VTE),
cancer, and all-cause death.

2. Methods

2.1. Study Design

The Multi-Ethnic Study of Atherosclerosis (MESA) is a community-based, multi-center,
NHLBI-funded cohort study of men and women from 4 race/ethnic groups recruited in 6
sites within the US. Details on the MESA study methods have been reported before [18] and
are also available on the study website (https://www.mesa-nhlbi.org).

2.2. Study Population

All participants evaluated in MESA Visit 1 (N = 6,814) were considered for inclusion.
Participants with missing information on hsCRP levels at Visit 1 or with no follow-up data
were excluded. Two study populations were defined: a pure primary prevention population
of MESA participants not using statins at baseline (“non-users of statins”), and a population
free of known CVD but already using statins at MESA Visit 1 (“users of statins”) (Figure 1).

2.3. Assessment of HSCRP and Relevant Covariates

A number of evaluations were performed as part of MESA Visit 1. HSCRP was measured
using a BNII nephelometer (N-High Sensitivity CRP; Dade Behring Inc, Deerfield, IL).
Sociodemographic characteristics, family history of CHD, tobacco use, and medication use
were self-reported using a standardized questionnaire. Resting blood pressure and waist
circumference were measured following standardized protocols [18]. Fasting levels of total
and high density lipoprotein (HDL) cholesterol, and blood glucose were measured at the
MESA central laboratory at the University of Minnesota.
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2.4. Event Ascertainment

Every 9 to 12 months, MESA interviewers contacted each study participant to inquire them
about hospital admissions, CVD outpatient diagnoses and procedures. Medical encounters
were also identified through additional sources of information including cohort clinic visits,
participant call-ins, medical record abstractions and obituaries (see https://www.mesa-
nhibi.org for further details).

Hard CHD events were defined as the composite of non-fatal myocardial infarction, death
from CHD, or resuscitated cardiac arrest. Hard ASCVD events were defined as a composite
endpoint including hard CHD events, stroke, other atherosclerotic death, or other CVD
death. The term ASCVD rather than CVD is used throughout to indicate that this study
endpoint did not include AF or HF events.

Incident HF, AF, VTE, cancer and all-cause death were also evaluated in exploratory
analyses. HF events were adjudicated by a MESA adjudication committee, and were defined
by the presence of suggestive symptoms such as shortness of breath or edema, a physician
diagnosis of HF, and documented medical treatment for HF. AF was identified from hospital
records by the presence of International Classification of Diseases, Ninth Revision (ICD-9)
diagnosis codes 427.31 or 427.32, or from self-report. Non-CVD endpoints (VTE, cancer)
were identified from hospital records using ICD-9 codes (see Table S1 of the Supplementary
Appendix for the specific lists of codes).

2.5. Statistical Analysis

For the purposes of this study, hsCRP levels were modeled in a number of ways: as a binary
exposure using the 2 mg/L cutpoint [14-16], as a categorical variable of increasing levels of
hsCRP (<1, 1 — 2.99 and =3 mg/L, which were similar to tertiles of hsCRP in the two study
populations), and as a continuous exposure. For the latter, log-transformation was used to
account for the right skewed distribution.

Unadjusted incidence rates of each of the study endpoints, and unadjusted Kaplan-Meier
cumulative survivor function curves, were calculated by categories of hsCRP. Log-rank tests
were used to compare survivor function curves.

Cox proportional hazards regression models were used to evaluate the associations between
hsCRP levels and the occurrence of each of the study endpoints, adjusting for a number of
potential confounders. Four hierarchical models were used for this purpose: model 1 was
unadjusted; model 2 adjusted for age, sex, race/ethnicity and education; and model 3 further
adjusted for tobacco use (current/former/never smoker), diabetes, total cholesterol, HDL
cholesterol, systolic blood pressure, medication use for hypertension, and chronic aspirin use
(all assessed at MESA Visit 1). An additional model was used to evaluate the effect of
further adjusting for waist circumference, which is known to be closely related to hsCRP
[19] (Model 4).

To evaluate improvement in discrimination with hsCRP, the area under the receiver-operator
characteristic curve (AUC) was calculated for each of the study endpoints, for models
including clinical risk factors alone and models including clinical risk factors plus levels of
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hsCRP. Specifically for hard ASCVD events, the net reclassification improvement (NRI)
[20] was also computed, comparing the performance of 10-year prediction models with and
without hsCRP. For this analysis, the 5% and 7.5% 10-year ASCVD risk thresholds defined
by the ACC/AHA were used, scaled to account for a longer median follow-up in MESA.
Finally, the Akaike Information Criterion [21] (AIC) was also calculated for models without
and with hsCRP. This parameter assesses the performance of regression models and is used
for model selection; among a finite set of models, the one with the lowest value is
considered to have the best performance. All main analyses (except for NRI) were
performed stratified by baseline statin use.

To assess the robustness of the results, the analyses were repeated in a subgroup of
individuals free of fever, acute infections, or inflammatory symptoms during the two weeks
preceding MESA Visit 1, and not treated at baseline with any of the most frequently used
drugs known to affect levels of hsCRP: statins, other lipid-lowering medications, aspirin,
ADP-receptor inhibitor antiplatelet drugs, NSAIDs, steroids (oral / inhaled), Cox-2
inhibitors, beta-blockers, ACEIs, ARBs, or oral antidiabetic medications [22] (“restrictive
sensitivity analysis population”, Figure 1),

A p value of <0.05 was considered the threshold for statistical significance. All analyses
were performed using Stata software version 14 [23].

3. Results

3.1. Study Population

The study population included 6,757 MESA participants, 5,755 of which were non-users of
statins at baseline (median age 62 years, 53% women) and 1,002 used statins at MESA Visit
1 (median age 67 years, 53% women) (Figure 1). Median follow-up was 13.2 years.

3.2. Baseline Distribution of HsCRP

Among non-users of statins, median baseline hsCRP levels were 1.94 mg/L (interquartile
range [IQR] 0.85, 4.34), and the hsCRP >3 mg/L stratum comprised the largest proportion of
participants (Figure S1a of the Supplementary Appendix). Among statin users, median
hsCRP levels were 1.65 mg/L (IQR 0.75, 3.75), and the prevalence of hsCRP <1 mg/L was
the largest of the 4 strata considered (Figure S1b). Both distributions were markedly right-
skewed (Figure S2).

3.3. Baseline Characteristics of the Study Participants

Among non-users of statins, the prevalence of female sex, African-American and Hispanic
race/ethnicities, and lower education level were higher with higher hsCRP levels (Table 1).
Regarding clinical features, higher levels of hsCRP were associated with a worse profile for
almost every risk factor considered, except age and total cholesterol. Similar trends were
observed among users of statins, including higher levels of total cholesterol with higher
hsCRP. Findings were similar when participants were stratified using a cut-point of 2 mg/L
(Table S2).
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3.4. Unadjusted Incidence Rates

Among non-users of statins, higher hsCRP levels were associated with higher unadjusted
event rates of each of the study endpoints, although event rates of AF and cancer were
slightly lower for the hsCRP >3 mg/L stratum than for the 1-3 mg/L group (Table S3).
Overall event rates were higher for users of statins, the highest being those for all-cause
death and cancer. Statin users with hsCRP =3 mg/L had the highest rates of each of the study
endpoints, except for AF (Table S3).

When participants were stratified using a 2 mg/L cut-point (Table S4), among both non-
users and users of statins hsCRP =2 mg/L was associated with higher event rates of each of
the study endpoints compared to hsCRP <2 mg/L.

3.5. Kaplan-Meier Cumulative Survivor Function Analyses

The results of the Kaplan-Meier survivor function analyses (Figures S3 and S4) were
consistent with the unadjusted rates. Among non-users of statins, individuals in the =3 mg/L
hsCRP stratum had the worst cumulative survival for all study endpoints, except AF and
cancer.

HsCRP was even more informative among users of statins, in which the higher event rates
resulted in more divergent curves. In this population, hsCRP =3 mg/L was associated with
the worst cumulative survival for all study endpoints, except AF. This was particularly true
for HF and all-cause death, in which individuals with hsCRP >3 mg/L had a markedly worse
survival than the other two strata.

3.6. Multivariable-adjusted Associations between HsCRP and Study Endpoints

Among non-users of statins, adjusting for sociodemographic characteristics (Figure S5,
upper panel) there was a graded association between higher levels of hsCRP and the risk of
each of the study endpoints, except for CHD. Further adjustment for traditional ASCVD risk
factors (Figure S5, lower panel) resulted in weaker associations, particularly for CHD,
ASCVD, cancer, and all-cause death. On the other hand, hsCRP >3 mg/L (as compared to
<1 mg/L) remained strongly associated with HF and VTE. Associations were weaker in the
binary analyses using the hsCRP 2 mg/L cut-point (Table 2a).

Among users of statins, most associations between hsCRP =3 mg/L (as compared to <1
mg/L) and each of the study endpoints were stronger than among non-users (Figure S6,
upper panel). On the other hand, due to a smaller sample size the 95% confidence intervals
(Cls) were wider. As for non-users of statins, multivariable-adjusted associations with CHD
and ASCVD were almost null (Figure S6, lower panel). On the other hand, the associations
with HF and all-cause death were strong —particularly for HF— and none of them included
the null value. In the binary analyses (Table 2b), hsCRP =2 mg/L (as compared to <2 mg/L)
was strongly associated with VTE, death, and especially with incident HF.

In both non-users and users of statins, further adjustment for waist circumference (model 4)
resulted in a modest attenuation of the point estimates for most positive associations.
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3.7. Independent Predictive Value of HsCRP for the Prediction of ASCVD

Among both non-users and users of statins, addition of hsCRP to models including
traditional ASCVD risk factors resulted in negligible, non-statistically significant
improvements in the AUC for the prediction of hard CHD, stroke, and hard ASCVD events,
regardless of the hsCRP modeling approach used (Table 3). Similar results were observed in
the AIC analyses (Table S5), in which addition of hsCRP resulted in minimal, if any,
improvements in the performance of the models.

The results of the NRI analysis for the prediction of hard ASCVD events among non-users
of statins (Table S6) were consistently ~0 when comparing models including hsCRP to those
including traditional risk factors alone.

3.8. Independent Predictive Value of HSCRP for the Prediction of the Exploratory

Endpoints

Among non-users of statins, addition of hsCRP resulted in very small (if any), non-
statistically significant improvements in the AUC for all exploratory endpoints (Table 3).
The same was true among users of statins, except for the prediction of HF. For this
exploratory endpoint, addition of hsCRP resulted in a large, statistically significant
improvement in the AUC. Similar results were observed in the AIC analyses (Table S5), in
which addition of hsCRP resulted in small, if any, improvements in the performance of the
models, except for HF.

3.9. Sensitivity Analyses

For the sensitivity analyses (Tables S7 — S11 and Figures S7 — S9), 1,925 MESA participants
were included in the “restrictive population” (median age 58 years, 47% women). This
population was younger and had a lower baseline burden of some risk factors than the non-
user population included in the main analyses. Baseline hsCRP levels were also lower
(median 1.41 mg/L, IQR 0.67 — 2.95). The independent predictive value of hsCRP in terms
of AUC and NRI was once again very small (if any) and non-statistically significant for all
endpoints evaluated, although improvements in the AUC tended to be slightly larger than
those observed in the non-user population included in the main analyses.

4. Discussion

In a multi-ethnic population including non-users and users of statins, higher levels of hsCRP
were associated with a number of health outcomes including ASCVD, HF, VTE, cancer, and
all-cause death. However, only a few associations remained statistically significant after
adjusting for traditional CVD risk factors. HSCRP did not improve the prediction of ASCVD
events in both non-users and users of statin therapy after 13 years of follow-up. On the other
hand, in the latter hsCRP significantly improved HF risk prediction, although this
observation should be replicated in larger cohorts.

These results have implications for understanding the pathobiology of common diseases.
The strong, positive, prospective associations between hsCRP, a marker of inflammation,
and the incidence of conditions as disparate as stroke, HF, VTE or cancer provide support to
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the notion of inflammation as a common upstream cause of disease [1-7]. In this sense, the
recent CANTOS trial provided further, experimental evidence for a causal link between
inflammation and CVD [16], and inflammation and cancer [24]. Second, the lack of
independent associations between hsCRP and ASCVD endpoints after adjustment for
traditional risk factors suggests that the association may be explained predominantly by
traditional risk factors alone [25,26]. On the other hand, the persistence of independent
associations between hsCRP and some exploratory study endpoints including all-cause death
suggests that for non-atherosclerotic endpoints, inflammation may not only operate through
its association with traditional ASCVD risk factors but also via other pathways; although
residual confounding is another potential explanation. Third, the fact that independent
associations were only slightly attenuated after accounting for waist circumference suggests
that despite their strong association, hsCRP may capture additional prognostic information
beyond this anthropometric measure.

Besides biological insights, our findings also have important clinical implications. Among
non-users of statins, addition of hsCRP to models including sociodemographic
characteristics and traditional risk factors resulted in no improvement in ASCVD prediction.
This is consistent with the results from previous studies, in which hsCRP was found to be a
poor risk assessment tool in primary prevention settings once traditional risk factors have
been accounted for [27,28]. The results are also consistent with previous evaluations in
MESA using shorter follow-up periods [29,30].

Our analysis on statin-naive MESA participants provides an update to those assessments
using a longer follow-up, adjusting for additional key features (including baseline aspirin
use), and exploring associations with other, non-atherosclerotic endpoints. Importantly,
previous studies have suggested that in primary prevention populations, tests assessing early
stages of disease such as the coronary artery calcium score for the detection of
atherosclerosis and the prediction of CHD and ASCVD, are more robust and informative
than hsCRP [29-32]. Current ACC/AHA primary prevention risk assessment guidelines
present hsCRP and all other tests at the same level of recommendation [14]; however, our
findings together with those from prior research suggest that hsCRP =2 mg/L performs
poorly for ASCVD risk assessment in apparently healthy individuals, and future guidelines
may consider downgrading this recommendation as compared to other tools such as the
coronary artery calcium score. Of note, the 2016 European CVD risk assessment guidelines
do not support the use of hsCRP for further risk stratification [33].

Among individuals already using statins, the value of hsCRP for the prediction of ASCVD
events was also very modest. On the other hand, our exploratory analyses suggest that
hsCRP may have a relevant role for the prediction of incident HF in these individuals. To our
knowledge, this is the first study to assess the prognostic utility of hsCRP in a multi-ethnic
population of statin users. In MESA, participants were free of clinically-overt CVD at
baseline [18]; nonetheless, it seems reasonable to assume that the subgroup of participants
using statins represented a higher baseline risk subgroup — indeed, in our study these patients
were older and had a higher prevalence of diabetes, hypertension medication use and chronic
aspirin use than non-users of statins. In high-risk populations, in which interpretation of
traditional risk factors may be challenging due to the effect of therapies, and in which the
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role of other tools such as the coronary artery calcium score may have less value, hsCRP
may provide an inexpensive, readily available, zero radiation tool identifying individuals at
increased risk of myocardial dysfunction, who may get the greatest benefit from additional
interventions [16].

Our observation for HF is consistent with the results of previous mechanistical studies, in
which there were independent associations between markers of subclinical inflammation and
the development of early ventricular dysfunction [34-39]. Nevertheless, in most of these
studies follow-up was short and stratification by statin use was not considered. Our findings
are also consistent with research showing associations between inflammatory diseases and
HF, including non-ischaemic forms of HF [40]. Potential mechanisms underlying this
association could include subclinical ischemia, or impaired iron homeostasis [41] leading to
dysfunction of the myocyte, among other mechanisms. HF is considered one of the greatest
public threats of our time [42], and tools aiding the identification of individuals at increased
risk of HF may become of great value for patients, clinicians, and health systems. However,
the finding regarding the predictive capacity of hsCRP for HF, although promising, should
be considered hypothesis-generating, and should be replicated in larger cohorts of statin
users.

Finally, we also observed a strong, independent association between hsCRP levels and VTE,
although it is possible that this link could operate via alternative, non-vascular mechanisms
not accounted for in the models, such as increased incidence of cancer [43], or bone
fractures [44], among others. Interestingly statins, which markedly lower hsCRP levels,
reduced the incidence of VTE in the JUPITER trial [45]. Studies using adjudicated events
rather than ICD-9 codes, which are known to have a modest validity for VTE particularly in
non-high risk individuals [46], and adjusting for body mass index [47] will provide more
insight on this association.

Study Limitations

Some potential limitations of this study are worth discussing. First, information on prevalent
inflammatory diseases and on the use of immunosuppressive drugs was not collected in
MESA Visit 1. Nevertheless, because MESA included overall “healthy” adults [18], their
prevalence would be expected to be low. Moreover, the results were robust to the exclusion
of individuals with recent joint inflammation.

Second, the multivariable models used in the analyses were the same across all endpoints,
rather than tailored to each condition. This could partly explain the stronger associations
between hsCRP and the exploratory, non-atherosclerotic CVD endpoints, and the small
changes in estimates between adjustment for multivariable models 2 and 3 for those
endpoints. However, the factors included in the models are also considered key factors
leading to the development of HF among individuals free of known CVD [48]; therefore,
this is unlikely to fully explain the strong association between hsCRP and incident HF
observed among statin users.

Third, inclusion of two study populations and assessment of multiple endpoints may have
increased the risk of finding spurious associations due to chance. Nonetheless, the strong
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association between hsCRP and HF was robust and present in all analyses performed in the
statin user group, including Cox regression, AUC and AIC. Also, this association is
consistent with prior evaluations performed in MESA [34-39].

Finally, the limited sample size particularly of the statin user group precluded performing
analyses stratified by age, sex and race-ethnicity. Future studies in larger populations will
help better understand the specific prognostic value of hsCRP in each of these subgroups.

5. Conclusions

Our findings support the role of inflammation as an upstream mechanism in the
pathogenesis of a number of diseases, although for ASCVD, inflammation may be a
downstream mediator resulting from the presence of traditional risk factors. From a risk
assessment standpoint, hsCRP, the most widely used measure of inflammation, does not
improve ASCVD risk prediction beyond traditional risk factors in either statin-naive
individuals or in patients already using statins. On the other hand, hsCRP may have a role
for the prediction of incident HF in statin users; however, this observation should be
replicated in larger cohorts of statin users.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
- HsCRP, the most widely used measure of inflammation, does not improve

ASCVD risk prediction beyond traditional risk factors in statin-naive individuals

- The utility of hsCRP for ASCVD prediction is also modest in individuals treated
with statins

- Nevertheless, hsCRP may have a role for the prediction of incident HF in statin
users, although this observation should be replicated in larger cohorts of statin
users
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The Multi-Ethnic Study of
Atherosclerosis, Visit 1
N=6.814

| Excluded: HsCRP not measured
N=52

latvisit 1: N=5

| Excluded: missing information
on follow-up: N =5

r

Included: N = 6.757

Non-Users of Users of
Statins Statins
at baseline at baseline
N =35,755 N =1.002
|
|
|
. — > — :
TN Additional Exclusions: medication use at baseline,
Sensitivity

fever / infections / inflammation at baseline.
extreme hsCRP values*: N = 1,925

v

Analyses

Figure 1. Study population, the Multi-Ethnic Study of Atherosclerosis (MESA)
*: This sensitivity analysis excluded participants using statins, other lipid-lowering

medications, aspirin, ADP-receptor inhibitor antiplatelet drugs, NSAIDs, steroids (oral/
inhaled), cox-2 inhibitors, beta-blockers, ACEIs, ARBs, or oral antidiabetic medications at
baseline; participants reporting at baseline fever, acute infections or joint inflammation in
the last 2 weeks, and participants with extreme (>10 mg/L) HsCRP values at baseline
(“restrictive population”, N =1,925)

Abbreviations: ACEI = angiotensin-converting-enzyme inhibitor; ADP = Adenosine
diphosphate; ARB = angiotensin Il receptor blockers; HsCRP = high sensitivity C reactive
protein; NSAID = nonsteroidal anti-inflammatory drug
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