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Background C-reactive protein (CRP) is an inflammatory biomarker used in vascular risk prediction, though with less
data in people of color. Blacks have higher stroke incidence and also higher CRP than whites. We studied the association of
CRP with ischemic stroke risk in blacks and whites.

Methods REGARDS, an observational cohort study, recruited and followed 30,239 black and white Americans 45 years
and older for ischemic stroke. We calculated hazard ratios and 95% Cls of ischemic stroke by CRP category (<1, 1-3, 3-10,
and >10 mg/L) adjusted for age, sex and stroke risk factors.

Results There were 292 incident ischemic strokes among blacks and 439 in whites over 6.9 years of follow-up. In whites,
the risk was elevated for CRP in the range from 3 to 10 mg/L and even higher for CRP >10 mg/L, whereas in blacks, an
association was only seen for CRP >10 mg/L. Considered as a continuous variable, the risk factor-adjusted hazard ratios per
SD higher InCRP were 1.18 (95% CI 1.09-1.28) overall, 1.14 (95% CI 1.00-1.29) in blacks, and 1.22 (95% CI 1.10-1.35) in
whites. Spline regression analysis visually confirmed the race difference in the association.

Conclusions CRP may not be equally useful in stroke risk assessment in blacks and whites. Confirmation, similar study
for coronary heart disease, and identification of reasons for these racial differences require further study. (Am Heart J

2019;217:94-100.)

Stroke is the fifth leading cause of death in the United
States," with a disproportionate burden in blacks compared
to whites; at ages 45 to 65 years, death from stroke is 3 times
higher for blacks, a difference that diminishes at older ages.>
This racial disparity in stroke has existed for decades and is
increasing, with temporal declines in stroke mortality
marginally higher in whites than blacks.> Only recently,
studies elucidated that about one half of this disparity is
attributable to traditional stroke risk factors,4 suggesting that
novel risk factors including biomarkers could play a role.”®

Creactive protein (CRP) is an extensively studied
inflammation biomarker associated with risk of cardiovas-
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cular events and stroke. CRP measurement is advocated by a
multisociety guideline to risk classify patients for primary
prevention interventions such as statin use.”'® Although
CRP measurement is recommended, blacks have substan-
tially higher CRP levels than whites independent of other
factors, ' and there is minimal literature on the association of
CRP with cardiovascular disease and stroke in blacks. 2

We addressed gaps in the literature by studying whether
the association of CRP with stroke risk differed in blacks
compared to whites. Specifically, given that CRP is higher in
blacks than whites, a single threshold value for risk
prediction (currently >2 or> 3 mg/L) may not accurately
reflect risk in both racial groups, and we hypothesized that a
higher value might be more appropriate among blacks.

Methods
Study participants and data collection

The Reasons for Geographic and Racial Differences in
Stroke (REGARDS) study is a longitudinal observational study
addressing why blacks have higher stroke mortality than
whites in the United States. A population sample of 30,239
participants was recruited by mail and telephone between
2003 and 2007 as previously described.'® We included 42%
black and 58% white participants >45 years of age with
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oversampling of participants residing in the Southeastern
stroke belt (56%; a region with higher stroke mortality than
the rest of the country); 44% of the cohort resided in the
remaining 40 contiguous states.

Participant characteristics were obtained via a
computer-assisted telephone interview followed by in-
home examination. The interview obtained demographic
information, medical information, and verbal informed
consent. The in-home examiner measured blood pres-
sure, performed an electrocardiogram (ECG), collected
blood and urine samples, and obtained written informed
consent. Blood was processed and shipped to a central
laboratory,]4 and CRP was measured using a high-
sensitivity immunonephelometric method. Characteriza-
tion of CRP correlates in REGARDS by race has been
published.'! Study methods were approved by institu-
tional review boards at all participating institutions.

The following participants were excluded from analysis:
those with data anomalies (n = 56), prebaseline stroke or
transient ischemic attack (n = 1930), missing CRP (n =
1773), and no follow-up (n = 407). After exclusions, the
analysis data set included 26,069 participants.

All study funding was from the National Institutes of
Health. The authors are solely responsible for the design
and conduct of this study, all study analyses, the drafting
and editing of the paper, and its final contents.

Definitions of baseline variables

Race was determined by self-report as black or white.
Hypertension was defined as blood pressure >140/
90 mm Hg or use of antihypertensive medications.
Heart disease was defined by ECG evidence of myocardial
infarction; self-report of a physician diagnosis of myocar-
dial infarctionl; or self-reported coronary artery bypass,
angioplasty or stent. Prebaseline stroke was determined
by self-report of a physician diagnosis. Diabetes was
defined as fasting glucose >126 mg/dL or self-reported
use of diabetic medications. Atrial fibrillation was
ascertained by ECG or self-report of a physician diagnosis.
Left ventricular hypertrophy was defined by ECG.

CRP was categorized as <1 mg/L, 1-3 mg/L, >3-10 mg/L,
and >10 mg/L.lr’ The cutoff of >10 mg/L. was used to
determine if marked elevation in CRP previously reported in
relation to coronary disease risk (but also suggested by
guidelines to indicate inflammation due to other causes than
vascular risk) reflected a degree of inflammation important in
stroke risk. '®

Stroke ascertainment

Participants and/or proxies were contacted every
6 months by telephone to identify potential strokes, and
medical records were obtained in the case of positive
responses. Two expert physicians independently
reviewed medical records to validate stroke. Stroke
verification and etiologic subtyping were based on
methods developed by previous stroke studies.”'? The
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end point in this analysis was fatal and nonfatal ischemic
stroke through October 31, 2014.

Statistical analysis

Participant characteristics were tabulated. Associations
of baseline CRP with stroke risk in the entire population
and in blacks and whites were analyzed. With our focus
on etiologic relationships between CRP and ischemic
stroke, cumulative incidence functions were used to
display the time to incident ischemic stroke, accounting
for the competing risks of hemorrhagic/unknown type
stroke and death.'” Cause-specific Cox proportional
hazard models were used to calculate hazard ratios
(HRs) and 95% CIs of ischemic stroke by CRP, accounting
for the competing risks above and censoring at hemor-
rhagic stroke, death, or loss to follow-up. 17.18 Models
were adjusted for baseline age, race, and sex and then
further adjusted for baseline Framingham stroke risk
factors: hypertension status, systolic blood pressure,
history of heart disease, diabetes, current smoking, left
ventricular hypertrophy, and atrial fibrillation. A third
model additionally adjusted for household income and
education. Interaction terms for race*CRP as a continuous
variable (log-transformed CRP) were evaluated to deter-
mine the statistical difference in the association of CRP
with stroke by race. Proportional hazard assumptions for
the cause-specific Cox models were assessed with formal
statistical tests.'” In addition to standard clinical cut
points, the relationship between continuous CRP and
ischemic stroke risk was modeled using penalized splines
separately by race. Statistical analyses were performed
with SAS 9.4 and R 3.5.1.%%%!

Results
Participant characteristics and stroke incidence

Baseline characteristics by race are shown in Supple-
mental Table I and by CRP categories stratified by race in
Table I. Although blacks had a more unfavorable risk
profile than whites, correlations of risk factors with CRP
were similar by race. With average follow-up of 6.9 years,
730 (2.8%) participants had an incident ischemic stroke,
for an incidence rate of 4.0 per 1,000 person years (95%
CI 3.8-4.4). Three participants with cerebral hemorrhage
prior to their ischemic stroke were censored and not
included as having ischemic stroke. There were 292
ischemic strokes among blacks and 438 in whites, for
respective incidence rates of 3.9 per 1,000 person-years
(95% CI 3.5-4.3) and 4.2 per 1,000 (95% CI 3.8-4.7). The
mean + SD follow-up was 6.7 + 2.8 years among blacks
and 7.1 + 2.5 years among whites. Death rates were 19.4
per 1,000 person-years among blacks (95% CI 18.4-20.5)
and 16.9 per 1,000 among whites (95% CI 16.1-17.6). The
hemorrhagic stroke rate was 0.5 per 1,000 for whites
(95% CI 0.4-0.6) and 0.5 per 1,000 for blacks (95% CI 0.4-
0.7). Supplemental Table II shows that participants with
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Table 1. Baseline characteristics by CRP category and race

Characteristic mean or
frequency (%)

CRP categories

<1 mg/ 1- 3- >10 mg/
L 3mg/L 10 mg/ L
L

Age, y (mean) Black 642+ 642+ 635+ 63.1+
9.8 9.3 8.9 8.8
White 648+ 656+ 651+ 652+
97 9.3 93 9.4
Sex (male) Black 50 43 31 24
White 58 51 41 42
Hypertension Black 61 69 73 78
White 40 50 56 58
Diabetes Black 24 27 30 36
White 12 13 17 23
Current smoker Black 15 15 19 20
White 9 11 16 21
Left ventricular Black 11 14 16 15
hypertrophy White 5 6 8 7
Atrial fibrillation Black 6 7 8 9
White 8 9 10 13
History o f Black 12 14 14 18
cardiovascular White 17 19 19 23
disease
High school graduate Black 42 45 48 51
education or less White 25 31 35 41
Income <$20,000 Black 21 23 28 34
White 8 10 13 18

incident ischemic stroke were more likely to be older
males with traditional stroke risk factors and were more
likely to have CRP >3 mg/L.

Figure 1 shows the cumulative ischemic stroke
incidence stratified by race and CRP, accounting for the
competing risks of hemorrhagic stroke and death. Among
whites with elevated CRP, the rate was higher through-
out follow-up compared to whites with normal CRP
(P < .0001). In blacks, the difference in ischemic stroke
incidence by CRP was also apparent, but the magnitude
of difference was smaller than in whites and was not
statistically significant (P = .39). There was no evidence
to contradict the proportionality assumptions of the
models used.

Association of CRP with stroke incidence

Associations of CRP categories with ischemic stroke
risk overall and by race are shown in Table II. Compared
to CRP <1 mg/L, in all models, the ischemic stroke risk
increased monotonically by increasing CRP category
among whites. The risk was elevated for CRP 3-10 mg/L
and even higher for CRP >10 mg/L (fully adjusted HR 2.07
[95% CI 1.46-2.95]). In contrast, for all models, in blacks,
ischemic stroke risk was only increased for CRP >10 mg/
L. Although the HRs of stroke by CRP categories in blacks
compared to whites were different, the interaction term
for InCRP*race suggested that these differences were not
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statistically significant (P race*InCRP > .10 in all models).
In the sequential models in blacks and whites separately,
adjustment for stroke risk factors modestly attenuated the
association of CRP with ischemic stroke, and there was
minimal confounding by socioeconomic factors. Consid-
ered as a continuous variable, the risk factor-adjusted
HRs per SD higher InCRP were 1.18 (95% CI 1.09-1.28)
overall, 1.14 (95% CI 1.00-1.29) in blacks, and 1.22 (95%
CI 1.10-1.35) in whites. In all models, added adjustment
for baseline use of statins, regular aspirin, or warfarin did
not materially alter the HRs (data not shown).

Results of race-stratified spline regression analysis
examining the continuous relation of CRP to ischemic
stroke are shown in Figure 2. Interpretation was similar to
the analyses above, namely, that the association of CRP
with ischemic stroke risk was more apparent among
whites than blacks.

The Supplementary Figure shows race-stratified risk
factor-adjusted HRs of ischemic stroke by CRP as a binary
variable with increasing threshold values. Using the
commonly used clinical threshold of CRP >3 mg/L, whites
were 40% more likely to have an ischemic stroke than whites
with lower CRP, whereas blacks had no increased risk at this
level. Among blacks, a CRP threshold of >9 mg/L would
have to be used to show a similar increase in ischemic stroke
risk as whites with CRP >3 mg/L.

Discussion

In this large contemporary cohort of black and white
Americans, elevated CRP was associated with increased
risk of fatal or nonfatal ischemic stroke, but the
association was weaker in blacks than whites. Although
the race difference in associations of CRP with ischemic
stroke risk was not statistically significant based on
multiplicative interaction terms, CRP >3 mg/L was not
associated with ischemic stroke risk in blacks (even
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Table Il. Cause-specific HR of ischemic stroke by CRP categories for races combined and separately
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Adjustment variables

HRs of ischemic stroke by CRP Categories

Group <1 mg/L 1-3 mg/L 3-10 mg/L >10 mg/L P for Interaction P
trend values for
n cases/N noncases (%) race*InCRP/
race*categorical
All 156/6893 (2.3%) 240/8710 (2.8%) 233/7991 (2.9%) 101/2475 (4.1%) CRP
Black 51/2131 (2.4%) 94/3207 (2.9%) 99/3651 (2.7%) 52/1396 (3.7%)
White  105/4762 (2.2%) 146/5503 (2.7%) 134/4340 (3.1%)  49/1079 (4.5%)
Demographic* All 1.0 (ref) 1.23(1.01-1.51)  1.44(1.17-1.78)  2.32(1.79-3.00) <.0001
Black 1.0 1.23 (0.87-1.74) 1.21 (0.85-1.71) 1.99 (1.34-2.95) .007 .48/ .45
White 1.0 1.22(0.95-1.58)  1.61(1.24-2.08)  2.57 (1.82-3.63) <.0001
+ Risk factorst All 1.0 1.19 (0.96-1.4¢6) 1.26 (1.02-1.57) 1.91(1.46-2.50)  <.0001
Black 10 125(0.87-179)  1.10(0.77-1.59)  1.65(1.08251) .07 40/.32
White 1.0 1.15(0.88-1.49) 1.38(1.06-1.79)  2.15(1.51-3.06) <.0001
+ Socioeconomic statust All 1.0 1.16 (0.94-1.43) 1.23 (0.99-1.52) 1.84(1.40-2.41) .0001
Black 1.0 1.22(0.85-1.75)  1.08 (0.75-1.56)  1.59 (1.04-2.42) .09 .48/.39
White 1.0 1.12(0.87-1.4¢) 1.33(1.02-1.73)  2.07 (1.46-2.95) .0003

* Adjusted for age, sex, and race.

t Additionally adjusted for hypertension status, systolic blood pressure, history of heart disease, diabetes, current smoking status, left ventricular hypertrophy, and atrial fibrillation.

t Additionally adjusted for income and education.

before adjustment for risk factors), whereas it was
associated with a 40% increased risk of ischemic stroke
in whites after multivariable adjustment. Consideration of
CRP as a continuous variable yielded similar conclusions.

To the best of our knowledge, the association of CRP
and ischemic stroke risk has not yet been established in a
black population this large. Current CRP threshold values
used in clinical practice to predict cardiovascular
diseases were derived almost exclusively from white
populations.?? A large meta-analysis by the Emerging
Risk Factors Collaboration showed a positive relation-
ship between increasing CRP and ischemic stroke risk*’;
however, race-specific analysis was not presented, and
the 15 included studies enrolled mostly white partici-
pants such that the findings do not necessarily apply to
other race/ethnic groups, who have a different CRP
distribution. Given our findings and results of trials of
inflammation lowering for vascular risk reduction, it will
be important in that work and future work to evaluate
effects separately in blacks and whites.?#%>

We anticipated studying whether CRP mediated the
excess ischemic stroke risk in blacks compared to whites
in REGARDS, but because the association of CRP differed
in blacks versus whites, this analysis was not conducted
given the likely violation of traditional mediation method
assumptions.'?

Mechanisms for the differential association of CRP with
ischemic stroke risk should be considered. Although we
adjusted for socioeconomic status using education and
income, early-life adversity is predictive of elevated CRP

in blacks.>® Single-nucleotide polymorphisms associated
with CRP may also be responsible for variation in CRP and
its different association with ischemic stroke in blacks
compared to whites.?”*’

The current findings have clinical relevance for 2 key
reasons. First, findings extend prior research on racial
differences in CRP to a clinical context. Blacks with CRP
>3 mg/L versus <1 mg/L did not have a similarly
increased ischemic stroke as whites with these CRP
levels. Second, CRP >10 mg/L was associated with
incident ischemic stroke in blacks and whites; the 6.9-
year stroke rate was substantial at 4.1% in those with CRP
=10 mg/L compared to 2.3% in those with CRP <I1.
Current guidelines suggest that clinicians should consider
causes of overt inflaimmation or illness when CRP is
>10 mg/L; however, our findings along with others for
coronary heart disease '*3° suggest that values in this
range have important significance and should not be
ignored or should trigger other clinical workup. We
caution clinicians that our findings are only relevant to
ischemic stroke. It is well accepted that statin initiation
may be considered to reduce cardiovascular risk in those
with CRP >2 mg/L.>' We advise against using a different
cut point of CRP for blacks until further research is
available including evaluation of CRP and risk of coronary
heart disease in blacks.

Study strengths and limitations
Strengths of this study include the prospective design and
large geographically dispersed cohort of blacks and whites
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with representation of men and women. Strokes were
carefully adjudicated, and cohort retention was high. We
studied a uniform phenotype by treating hemorrhagic and
unknown type strokes as competing risks.

Study limitations require consideration. Although there
were a large number of incident ischemic strokes,
interaction testing on the multiplicative scale for
race*CRP was underpowered; however, we observed a
racial difference that was clear. We assigned race based
on participant self-identification and did not address
genetic determinants of CRP, genetic admixture, or the
full social construct connected to racial identification.
Several types of bias could have influenced results. Stroke
ascertainment relied on participant contact by phone,
and incident cases may have been missed. Misclassifica-
tion of stroke type as ischemic would have introduced
bias, but this is unlikely because cases were carefully
adjudicated using well-established methods and expert
adjudicators who were not aware of CRP levels.
Ascertainment bias could have been present because
follow-up time was marginally shorter in blacks; howev-
er, this is most likely due to higher occurrence of events
or increased withdrawal from the study, factors that
would not likely impact the association of CRP with
stroke. A single measurement of CRP was used which
may have resulted in misclassification and an inability to
capture variation that may occur with time. Other

inflammation markers were not considered. Lack of
inclusion of other racial groups means that our findings
are not applicable to these groups. For example, the
general population of most Asian races have CRP <1 mg/
L% in the Women's Health Study, the average CRP by
race/ethnicity in women was 1.1 mg/L in Asians, 2.0 mg/
L in whites, 2.1 mg/L in Hispanics, and 3.0 mg/L in
blacks.>? Among Chinese adults, CRP >3 mg/L (HR 1.33)
was associated with increased risk of ischemic StI‘OkC,?’/l
supporting this threshold for stroke risk prediction in the
Chinese population. Finally, we could not adjust for use
of inflammation-lowering medications after baseline
because we did not have this information; however,
adjustment for baseline aspirin and statin use had no
impact on the findings, so this is likely not a drawback.

Conclusions and implications

We present a detailed examination of the association of
CRP with ischemic stroke in a large biracial population
sample of Americans. Use of a cutoff value of 3.0 mg/L for
CRP may not be appropriate for stroke risk prediction in
blacks. We are not aware of similar data as presented here
for a differential relationship of CRP to coronary heart
disease risk in blacks compared to whites. Further
research is needed to determine the optimal threshold
for CRP and ischemic stroke and cardiovascular risk
prediction in blacks and to determine more broadly the
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role of inflammation in explaining racial disparities in
health. They also point out a need to assess race-specific
findings in clinical trials of inflammation lowering to
reduce cardiovascular risk.
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