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Lipids, Lipoproteins, and Cardiovascular Risk Factors

Implications of Increased C-Reactive Protein for
Cardiovascular Risk Stratification in Black and White Men
and Women in the US

Mary Cushman,"” Leslie A. McClure,? Virginia J. Howard,? Nancy S. Jenny,* Susan G. Lakoski,> and
George Howard?

BACKGROUND: We evaluated prevalence and correlates
of increased high-sensitivity C-reactive protein (hsCRP)
in a large population of blacks and whites, and the im-
pact of hsCRP measurement on coronary heart disease
risk reclassification.

METHODS: We studied 19 080 participants of the
REGARDS (REasons for Geographic And Racial Dif-
ferences in Stroke) study (age >45 years, without vas-
cular diagnoses, and living dispersed across the US). A
total of 8309 nondiabetic participants not using lipid-
lowering medications were classified into 4 risk catego-
ries based on the Framingham vascular disease risk
score. Participants with hsCRP <1 mg/L were reclassi-
fied to the next lower risk group, and those with hsCRP
>3 mg/L to the next higher risk group. We also as-
sessed reclassification of risk based on the Reynolds
vascular risk score, incorporating hsCRP and family
history.

ResuLts: Overall, 40% of participants had hsCRP >3
mg/L. Blacks, women, and obese people were at highest
risk for increased hsCRP. Among nondiabetic women
at 5%-20% Framingham vascular predicted risk,
hsCRP data led to reclassification of 48% to a higher
risk group and 19% to a lower risk group. For men,
these percentages were 24% and 40%. Blacks were
more often reclassified to a higher risk group than
whites. Reynolds vascular risk score data led to reclas-
sification of 85% of women and 67% of men, almost
exclusively to a lower risk group than the Framingham
vascular score.

coNCLUSIONS: In this national study, a majority of par-
ticipants, especially blacks and women, were reclassi-
fied to a different 10-year vascular risk category on the
basis of hsCRP testing after risk assessment. With the
inclusion of hsCRP testing data, the Reynolds risk score

classified the population differently than the new Fra-
mingham vascular score.
© 2009 American Association for Clinical Chemistry

Increased C-reactive protein (CRP)” as measured using
a high-sensitivity assay (hsCRP) identifies patients at
increased cardiovascular risk (1). A consensus group
convened by the CDC and the American Heart Associ-
ation issued a statement in 2003 to guide physicians on
measurement of hsCRP in clinical practice (I). The
guideline suggested that patients who are at intermedi-
ate risk (10%—20% 10-year predicted risk) for future
cardiovascular events and who also have increased
hsCRP (>3 mg/L) be considered for more aggressive
vascular disease prevention strategies, such as lipid-
lowering therapy (2). Additional data have suggested
that vascular risk is even greater with hsCRP >10 mg/L
(3, 4) and that those with a low predicted risk of 5%-—
10% also should be considered for hsCRP testing (5).
In addition, a new risk prediction score incorporat-
ing hsCRP (the Reynolds risk score) has been pro-
posed for cardiovascular risk assessment in women
(6) and men (7).

Stroke mortality in the US is approximately 50%
greater in the southeastern “stroke belt” states (8).
Stroke mortality also differs in ethnic groups, with rates
about 50% higher among blacks compared to whites
(9, 10). Differences in prevalences of traditional risk
factors for stroke may only partly explain these geo-
graphic and ethnic group differences in stroke risk
(11, 12), so differences in newer risk factors such as
hsCRP may play a role.

Because of possible ethnic variation in hsCRP dis-
tribution (13-18), and also ethnic and regional differ-
ences in vascular risk, there is a need for population-
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based information on ethnic and regional differences
in hsCRP concentrations to guide clinicians in risk as-
sessment in these selected populations. We are not
aware of studies reporting geographic variation of
hsCRP in the US.

We evaluated the prevalence of increased hsCRP
by sex, ethnic group, and US region in a large national
population-based observational study. We studied
whether differences in adiposity or other risk factors
explained observed differences in hsCRP associated
with these factors. We further assessed how knowledge
from hsCRP measurement would reclassify individu-
als” 10-year predicted cardiovascular disease risk, based
on the Framingham vascular disease risk score and the
Reynolds risk score, both of which are designed to pre-
dict total cardiovascular disease, and the Framingham
coronary risk score, designed to predict coronary
events.

Materials and Methods

STUDY PARTICIPANTS

The Reasons for Geographic and Racial Differences in
Stroke (REGARDS) study is a national population-
based cohort study. Between February 2003 and Sep-
tember, 2007, 30 101 individuals older than 45 years
were enrolled. Selected participants were targeted for
equal representation of whites and blacks and men and
women (19 ); 56% resided in the stroke belt (NC, SC,
GA, AL, MS, TN, AR, and LA) and the rest were from
the other 40 contiguous states. Individuals were re-
cruited from a commercial list by use of mail and tele-
phone contact. Demographic and medical history was
obtained using a computer-assisted telephone inter-
view. At an in-home examination written informed
consent was obtained, and blood pressure, anthropo-
morphic measures, blood samples, electrocardiogram,
and medication inventory were assessed using stan-
dardized protocols. Questionnaires were left with the
participant to assess family history of vascular disease.
Participants are followed by telephone every 6 months
for surveillance of medical events. Study methods were
reviewed and approved by the institutional review
boards at each study institution.

Of 30 101 participants, we excluded 9074 (30%)
reporting a vascular diagnosis. Vascular disease was
considered present if participants reported being told
by a health professional that they had myocardial in-
farction, stroke, peripheral arterial disease, transient
ischemic attack, carotid endarterectomy, peripheral ar-
tery bypass surgery/angioplasty, leg amputation, or
coronary artery angioplasty or stenting, or if electro-
cardiogram showed myocardial infarction. Excluding
1189 (5%) participants with missing data for hsCRP
and 758 with missing covariates, there were 19 080 par-
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ticipants included in most analyses. Main analyses of
the Framingham and Reynolds risk scores included
only nondiabetic individuals because diabetes is a cor-
onary disease risk equivalent (limiting the role for
novel risk factors) (20). We also excluded from these
analyses 4690 participants who were using lipid-
lowering medication, because this risk assessment is
used to decide whether to prescribe these medications.
For Reynolds risk score analyses, data on family history
of heart disease was not yet coded for 6081 participants
at the time of analysis, leaving 8309 participants in
these analyses.

LABORATORY ANALYSIS
Phlebotomy was performed by trained personnel using
standardized procedures. Samples were collected after
patients had fasted for 10—12 h. Within 2 h of collec-
tion (mean 97 min, SD 127 min), samples were centri-
fuged and serum or plasma separated and shipped
overnight on ice packs to the University of Vermont.
Of study participants from whom samples were ob-
tained, overnight shipping of their samples was
achieved for 95%. On arrival, samples were centrifuged
at30 000gand 4 °C, and either analyzed (general chem-
istries) or stored at —80 °C.

hsCRP was analyzed in batches by particle-
enhanced immunonephelometry using the BNII neph-
elometer (N High Sensitivity CRP; Dade Behring) with
interassay CVs of 2.1%-5.7%. There was no difference
in hsCRP distribution by number of sample shipping
days. Cholesterol, HDL cholesterol, triglycerides, and
glucose were measured by colorimetric reflectance
spectrophotometry using the Ortho Vitros Clinical
Chemistry System 950IRC instrument (Johnson &
Johnson Clinical Diagnostics).

DEFINITIONS

Increased hsCRP was defined as >3 mg/L (1). Self-
reported education level of study participants was cat-
egorized as shown in Table 1. Hypertension was de-
fined as systolic blood pressure =140 mmHg, diastolic
pressure =90 mmHg, or self-reported high blood pres-
sure with use of antihypertensive medications. Prehy-
pertension was defined as systolic pressure 120—140
mmHg or diastolic pressure 80-90 mmHg. Obesity
was a body mass index >30 kg/m?, and overweight was
26-30 kg/m?. Region of residence was analyzed as the
stroke belt or the remainder of the states. Diabetes was
defined by self-reported physician diagnosis with use
of antidiabetic medications, fasting glucose >6.99
mmol/L or nonfasting glucose >11.1 mmol/L; im-
paired fasting glucose was defined as fasting glucose
6.10-6.99 mmol/L. Family history of heart disease was
defined as parental history of myocardial infarction be-
fore age 60 years.
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Table 1. Baseline characteristics by sex.®

Men Women
Characteristic (n =8077) (n = 11003)
Age 64.6 (9.1) 63.8(9.2)
Race, black 2882 (36%) 4965 (45%)
Region, belt 4248 (53%) 6376 (58%)
Education
<High school 767 (10%) 1239 (11%

1781 (22%) 2986 (27%
2074 (26%) 3159 (29%

)

High school graduate )
)

1599 (15%)
)

)

)

Some college
Postmenopausal hormone therapy NA
Current smoking 1144 (14%) 1515 (14%
6333 (78%) 8283 (75%

(

(

(

(

(

Prehypertension/hypertension (
1911 24%) 2475 (22%

(

(

(1.

(0.4

(

7 (4.

Impaired fasting glucose/diabetes

Body mass index, kg/m? 285(5.1)  29.9(6.9)
Obesity 2556 (32%) 4723 (43%)
Cholesterol, mmol/L 4.87 (0.96) 5.21(1.0)
HDL, mmol/L 1.20(0.36) 1.49 2)

Triglyceride, mmol/L 1.52 (1.06)
CRP, mg/L; median, (IQR) 1.6 (2.8)

Median Framingham 10-year 10.9 43
predicted coronary risk, %

1.41 (0.85)
9

Median Framingham 10-year 21.6 8.6
predicted vascular risk, %
Median Reynolds 10-year predicted 10.0 2.8

vascular risk, %

2Data are presented as mean (SD) or frequency (%) unless otherwise
indicated. NA, not applicable; IQR, interquartile range.

The Framingham 10-year vascular and coronary
disease risk scores were calculated using age, total and
HDL cholesterol, current smoking, systolic pressure,
and antihypertensive medication use (21, 22). The
Reynolds risk score, which also includes parental his-
tory of myocardial infarction and hsCRP, was calcu-
lated (6, 7).

STATISTICAL ANALYSIS

We used x” tests to compare prevalences of increased
hsCRP by sex, ethnicity, region, and cardiovascular risk
factors among groups. Multivariable logistic regression
was used to determine whether sex, ethnicity, and re-
gional differences in prevalence of increased hsCRP
were explained by differences in risk factors related to
hsCRP. Excluding study participants with diabetes and
those on lipid-lowering medication, values for hsCRP
were used to reclassify Framingham risk score groups
(very low, low, intermediate, high): for hsCRP <1
mg/L, participants were reclassified to the next lower

risk group; for hsCRP >3 mg/L they were reclassified
to the next higher risk group.

Results

Participant characteristics by sex are shown in Table 1.
Women were more likely to be black and obese and had
higher cholesterol and hsCRP than men, but had a me-
dian 10-year predicted vascular disease risk about 60%
lower than men, based on the Framingham and Reyn-
olds scores.

Of 19 080 participants without vascular diagnoses,
the median hsCRP was 2.2 mg/L, with 25th and 75th
percentile values of 0.93 mg/L and 4.9 mg/L, respec-
tively. A total of 7568 participants (40%) had increased
hsCRP defined as >3 mg/L, and 1697 (9%) had hsCRP
>10 mg/L.

Median hsCRP and prevalence of increased hsCRP
(>3 mg/L) by categories of cardiovascular risk factors
and the 2 risk scores are shown in Table 2. Increased
hsCRP was more common among women than men
and blacks than whites (both P < 0.0001). Black
women had the highest prevalence of increased hsCRP
and white men the lowest with these percentages: 61%
of 4969 black women, 40% of 6043 white women, 36%
of 2884 black men, and 27% of 5195 white men. This
pattern was similar for prevalence of hsCRP >10 mg/L.
The prevalence of increased hsCRP was greater in the
stroke belt than the remainder of the US. Increased
hsCRP was also more common in the presence of every
cardiovascular risk factor examined. Among risk fac-
tors, the highest prevalence of hsCRP >3 mg/L, 56%,
was seen with obesity; 50% of current smokers and
50% of diabetic individuals had hsCRP >3 mg/L. The
prevalence of hsCRP >3 mg/L increased similarly
across the 4 increasing categories of Framingham
scores. Most risk factor associations were similar for
hsCRP >10 mg/L.

The univariate and multivariable associations of
demographic factors, region, and risk factors with
hsCRP >3 mg/L are shown in Table 3. The unadjusted
odds of increased hsCRP among women compared to
men was 2-fold increased, was minimally altered after
adjustment for sex differences in other factors, and was
lower after exclusion of women taking hormone re-
placement therapy [adjusted odds ratio 1.7 (95% CI
1.6-1.9]. Blacks were 80% more likely than whites to
have hsCRP >3 mg/L, and this value was reduced to a
30% higher likelihood after adjustment for other risk
factors. Comparison of men and women revealed no
significant difference in the odds of increased hsCRP by
race (P for interaction 0.66). Stroke belt residents had
10% greater adjusted odds of increased hsCRP com-
pared to study participants living elsewhere. Interpre-
tation of results on differences in hsCRP by race, sex,
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Table 2. Prevalence of increased C-reactive protein concentration by baseline characteristics.

Characteristics (n)

Age, years
45-55 (2853)
55-65 (7869)
65-96 (8369)
Sex
Men (8079)
Women (11012)
Race
Black (7853)
White (11238)
Region
Stroke belt (10629)
Other states (8462)
Education
<High school (2006)
High school graduate (4767)
Some college (5233)
College graduate (7074)
Postmenopausal hormone therapy (women)
Yes (1599)
No (9413)
Smoking status
Never (9146)
Former (7283)
Current (2662)
Blood pressure
Normal (<120/80) (7544)
Prehypertension (120-139/80-90) (1465)
Hypertension (=140/90) (10082)
Diabetes status
None (14698)
Impaired fasting glucose (1050)
Diabetes (3343)
Obesity
None (6231)
Overweight (5577)
Obese (7283)
Cholesterol
Normal (<5.18 mmol/L) (10836)
Borderline (5.18-6.19 mmol/L) (5942)
High (=6.20 mmol/L) (2313)
HDL cholesterol
Normal (>1.04 mmol/L men, >1.30 mmol/L women) (11962)
Low (=1.04 mmol/L men, =1.30 mmol/L women) (7129)
Triglycerides
Normal (<1.70 mmol/L) (13937)
Borderline (1.70-2.25 mmol/L) (2678)
High (=2.26 mmol/L) (2476)
Framingham 10-year predicted coronary risk
<0%-5% (6951)
5% to <10% (4416)
10% to <20% (3137)
>20% (1218)
Framingham 10-year predicted vascular risk
<0%-5% (2996)
5% to <10% (4540)
10% to <20% (6305)
>20% (5239)
Reynolds 10-year predicted vascular risk
<0%-5% (2453)
5% to <10% (3172)
10% to <20% (6343)
>20% (1031)

2P < 0.0001 by ANOVA
b p — 0.002 by ANOVA.
<p=004
dp = 0.003.

Median
(interquartile
range) hsCRP,

mg/L
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Number (%)
with hsCRP

>3 mg/L

1138 (40%)°
3252 (41%)
3196 (38%)

2443 (30%)*
5143 (47%)

3769 (48%)*
3817 (34%)

4402 (41%)*
3184 (38%)

1021 (51%)*
2051 (43%)
2203 (42%)
2308 (33%)

840 (53%)*
4303 (46%)

3439 (38%)*
2804 (39%)
1343 (50%)

2413 (32%)*
552 (38%)
4621 (46%)

5383 (37%)*
534 (51%)
1669 (50%)

1596 (26%)*
1898 (34%)
4092 (56%)

4156 (38%)*
2439 (41%)
991 (43%)

4237 (35%)*
3349 (47%)

5226 (38%)*
1214 (45%)
1146 (46%)

2533 (36%)”
1592 (36%)
1241 (40%)

536 (44%)

1009 (34%)*
1849 (41%)

2479 (41%)
2146 (41%)

2253 (36%)*

1173 (37%)
947 (39%)
489 (47%)

Number (%)
with hsCRP

>10 mg/L

267 (9%)°
735 (9%)
695 (8%)

461 (6%)°
1236 (11%)

990 (13%)*
707 (6%)

1004 (9%)"
693 (8%)

278 (14%)*
489 (10%)
482 (9%)
448 (6%)

197 (12%)
1039 (11%)

765 (8%)*
610 (8%)
322 (12%)

971 (6%)
115 (8%)
1111 (11%)

1124 (8%)®
131 (12%)
442 (13%)

324 (5%)*
317 (6%)
1056 (15%)

976 (9%)
523 (9%)
198 (9%)

889 (7%)°
808 (11%)

1210 (9%)
258 (10%)
229 (9%)

537 (8%)
346 (8%)
270 (9%)

98 (8%)

214 (7%)¢
416 (9%)
587 (9%)
480 (9%)

470 (7%)
263 (8%)
200 (8%)
114 (11%)
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Table 3. 0dds ratios (OR) of Increased hsCRP (>3 mg/L) by risk factors.
Overall odds of hsCRP Sex-specific adjusted OR® of hsCRP
>3 mg/L >3 mg/L
Women not on
Crude OR Adjusted OR? Men Women hormones
Risk Factor (95% Cl) (95% CI) (n = 8079) (n = 11003) (n = 9413)
Age
55-64 years 1.1(1.0-1.2) 1.1(1.0-1.2) 1.2 (1.0-1.4) 1.1(1.0-1.2) 1.1(1.0-1.2)
>65 years 0.9 (0.9-1.0) 1.1 (1.0-1.2) 1.5(1.3-1.8) 0.9 (0.8-1.0) 0.9 (0.8-1.1)
Sex, women 2.0(1.9-2.1) 1.9 (1.8-2.0) NA NA NA
Race, black 1.8(1.7-1.9) 1.3(1.2-1.4) 1.3(1.2-1.5) 1.4 (1.2-1.5) 1.4 (1.3-1.6)
Region, belt 1.2(1.1-1.2) 1.1(1.1-1.2) 1.1(0.95-1.2) 1.2(1.1-1.3) 1.2(1.1-1.3)
Education
<High school 2.1(1.9-2.4) 1.4 (1.3-1.6) 1.8(1.5-2.1) 1.2(1.1-1.4) 1.3(1.1-1.5)
High school graduate 1.6 (1.4-1.7) 1.2 (1.1-1.3) 1.3(1.2-1.5) 1.1 (1.0-1.3) 1.1 (1.0-1.3)
Some college 1.5 (1.4-1.6) 1.2 (1.1-1.3) 1.3(1.2-1.5) 1.2 (1.1-1.3) 1.2 (1.1-1.4)
Hormone therapy (women) NA NA NA 1.7 (1.5-1.9) NA
Current smoking 1.7 (1.5-1.8) 1.8 (1.6-2.0) 2.3(2.0-2.6) 1.5(1.3-1.7) 1.6 (1.4-1.8)
Blood pressure
Prehypertension 1.4 (1.3-1.5) 1.2(1.1-1.3) 1.2 (1.0-142) 1.2(1.1-1.4) 1.2(1.1-1.4)
Hypertension 2.1(1.9-2.2) 1.4 (1.3-1.5) 1.3(1.1-1.5) 1.4 (1.3-1.6) 1.4 (1.3-1.6)
Diabetes status
Impaired fasting glucose 1.8 (1.6-2.0) 1.3(1.2-1.5) 1.2 (1.0-1.5) 1.4(1.2-1.7) 1.5 (1.3-1.9)
Diabetes 1.7 (1.6-1.9) 1.1(1.0-1.2) 1.1(0.9-1.2) 1.1(1.0-1.3) 1.1(1.0-1.3)
Weight
Overweight 1.5(1.4-1.6) 1.4 (1.3-1.6) 1.2 (1.0-1.3) 1.7 (1.5-1.9) 1.6 (1.5-1.9)
Obese 3.7 (3.5-4.0) 3.0 (2.8-3.3) 2.42.1-2.7) 3.7 (3.3-4.1) 3.8(3.4-4.3)
Cholesterol >6.20 mmol/L 1.2(1.1-13) 1.1(1.0-1.2) 1.2 (1.0-1.4) 1.1(1.0-1.2) 1.1(1.0-1.3)
HDL =1.04 mmol/L men, 1.6 (1.5-1.7) 1.3(1.2-1.4) 1.3(1.2-1.5) 1.3(1.2-1.5) 1.5(1.3-1.6)
=1.30 mmol/L women
Triglyceride =2.26 mmol/L 1.4 (1.3-1.5) 1.2 (1.0-1.3) 01.0 (0.9-1.1) 1.3(1.1-1.5) 1.2 (1.0-1.4)
2 Adjusted models include all variables in the Table. NA, not applicable.

and region were not altered when model covariates
were included as continuous variables; mean adjusted
hsCRP concentration was 49% higher in women, 19%
higher in blacks, and 9% higher in the stroke belt.
When states were divided into 4 regions (south, mid-
west, northeast, and west), age-, sex-, and race-
adjusted hsCRP were significantly higher in the south
compared to each other region (P < 0.0001, data not
shown), with other pairwise differences not significant.
In the multivariable model the largest association of
risk factors with increased hsCRP was for obesity.
Some risk factor associations with increased hsCRP
differed between men and women. Associations with
age, low education, and smoking were larger among
men, and associations of triglycerides and in particular
obesity were larger among women. Among women, as-

sociations of risk factors with increased hsCRP were
similar, excluding women using postmenopausal hor-
mones. Associations of risk factors with hsCRP >10
mg/L were similar (data not shown), although odds
ratios were lower for obesity (2.3, 95% CI 2.0-2.6),
overweight (1.0, 95% CI 0.8—1.20), and triglyceride
(1.0,95% CI 0.8-1.1).

The percentage of nondiabetic participants in
each Framingham score category that would be po-
tentially reclassified into a different risk group if
hsCRP was measured after Framingham risk assess-
ment is shown in Fig. 1. Analyses excluded study
participants using lipid-lowering medication. Blacks
and women were more likely than whites and men to
be potentially reclassified to a higher risk category.
For example, considering the Framingham coronary
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Framingham Coronary Score 10-Year Predicted Risk

Percentage potentially reclassified

0-5 5to 10to >20 05 5to 10to >20 " 0-5 5to 10to >20 0-5 O5to 10to >20
10 20 10 20 10 20 10 20

Women Men Women Men
Black White

Framingham Vascular Score10-Year Predicted Risk
60 56 55

29

26 26
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Percentage potentially reclassified
o

i |
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0-5 5to 10to >20 0-5 5to 10to >20 0-5 5to 10to >20 0-5 5to 10to >20
10 20 10 20 10 20 10 20
Women Men Women Men
Black White

Fig. 1. Percentage of study participants with potential for risk reclassification based on hsCRP testing among
nondiabetic individuals not taking lipid-lowering medications.

Study participants with hsCRP >3 mg/L (black bars) and those with hsCRP <1 mg/L (gray bars). Data are shown for the coronary (top panel)
and vascular (bottom panel) Framingham scores. Reclassification to a lower level of predicted risk was not considered possible for those in
the 0%—5% category or to a higher level of risk for those in the >>20% category, so no gray and black bars are shown in these categories.
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Table 4. Ten-year predicted risk by 3 different risk scores among 8309 nondiabetic study participants not
taking lipid-lowering medication.

CRP reclassification
of Framingham
coronary risk score

Framingham
coronary risk
score

10-Year predicted
risk

Women (n = 4767)

0 to <5% 3151 (66%) 2132 (48%)
5 to <10% 1104 (23%) 1640 (34%)
10 to <20% 412 (9%) 669 (14%)
>20% 100 (2%) 326 (7%)
Men (n = 3542)

0 to <5% 551 (16%) 902 (25%)
5 to <10% 1179 (33%) 920 (26%)
10 to <20% 1234 (35%) 882 (25%)
>20% 578 (16%) 838 (24%)

CRP reclassification
of Framingham
vascular risk score

Framingham
vascular risk
score

Reynolds risk
score

1565 (33%) 1413 (30%) 3562 (75%)

1662 (35%) 1272 (27%) 798 (17%)
1346 (28%) 1223 (26%) 318 (7%)
194 (4%) 838 (18%) 89 (2%)

89 (3%) 372 (11%) 662 (17%)

586 (17%) 695 (20%) 1132 (32%)

1357 (38%) 1006 (28%) 1165 (33%)

1510 (43%) 1469 (42%) 583 (16%)

score, 61% of black women and 38% of black men at
10% to <20% predicted risk would be potentially
reclassified to higher risk based on hsCRP >3 mg/L,
compared to 56% of white women and 31% of white
men. For both races, men were more likely than
women to be reclassified to a lower level of risk based
on hsCRP <1 mg/L, and these sex differences were
larger for the vascular risk score than the coronary
risk score.

Distributions of the 2 Framingham risk scores, the
Reynolds risk score, and the 2 hsCRP-reclassified
Framingham scores are shown in Table 4. Analyses ex-
cluded diabetic individuals and those using lipid-
lowering medication. Among women the Reynolds
score resulted in a much higher proportion at 0% to
<5% risk and a lower proportion at 5% to <10% or
10% to <20% predicted risk than the 2 Framingham
scores or hsCRP reclassified scores; 92% of women had
a 10-year risk <10% with the Reynolds score. hsCRP
reclassification of the Framingham vascular score re-
sulted in far more women at higher levels of risk than
the other scores, with 44% at >10% risk. Among men,
the Reynolds score categorized far fewer men at high
risk than the Framingham vascular score, which placed
43% of men at >20% risk. hsCRP reclassification of the
Framingham vascular score resulted in a risk distribu-
tion fairly similar to that of the Framingham vascular
score without hsCRP, with more men at 0% to <5%
risk. The hsCRP-reclassified Framingham coronary
score categorized roughly equal numbers of men into
the 4 risk categories.

Individual level of risk obtained by reclassification
of the Framingham vascular score by the Reynolds risk
score is shown in Table 5. Reclassification of the
Framingham vascular risk score by the Reynolds risk

score rarely reclassified a woman or man to a higher
risk group (<2% of the time). Among women at 10%—
20% Framingham vascular predicted risk, the Reyn-
olds score reclassified 82% downward and only 2% up-
ward. Among women with a Framingham vascular risk
above 20%, 68% were reclassified downward. Overall,
the Reynolds score reclassified 2739 of 4767 (57%) of
women to a different risk group than the Framingham
vascular score, but reclassified 2736 of 3202 (85%) of
women with Framingham vascular predicted risk
>5%. Among men with a Framingham vascular pre-

Table 5. Reclassification of the Framingham
vascular risk score by the Reynolds vascular risk
score in 4767 nondiabetic women and 3542
nondiabetic men not taking
lipid-lowering medication.

Reynolds vascular risk

Framingham
score category

vascular risk
score

category Lower Same Higher Total
Women

<5% — 1562 (>99%) 3(<1%) 1565

5%-10% 1448 (87%) 188 (11%) 26 (2%) 1662

10%-20% 1105 (82%) 216 (16%) 25 (2%) 1346

>20% 132 (68%) 62 (32%) = 194
Men

<5% = 89 (100%) 0 89

5%-10% 426 (73%) 152 (26%) 8 (1%) 586

10%-20% 963 (71%) 378 (28%) 16 (1%) 1357

>20% 943 (62%) 567 (38%) — 1510
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dicted risk of 10% to <20%, 71% were reclassified
downward and only 1% upward. Among high-risk
men, 62% were reclassified downward. Overall, the
Reynolds score reclassified 2356 of 3542 (67%) of men
to a different risk group than the Framingham, all with
a Framingham predicted risk >5%. For comparison,
the Reynolds score reclassification of the Framingham
coronary score is shown in Table 1 in the Data Supple-
ment that accompanies the online version of this arti-
cle at http://www.clinchem.org/content/vol55/issue9.
With this reclassification more individuals were
moved to higher levels of risk than for the Reynolds
score reclassification of the Framingham vascular
score.

Discussion

In this large study of geographically dispersed white
and black men and women, increased hsCRP was more
common among women than men and blacks than
whites, and in the stroke belt compared to the rest of
the US. These differences were not accounted for by
other factors strongly related to hsCRP. Reclassifica-
tion of Framingham coronary or vascular predicted
risk by hsCRP testing suggested that well over half of
participants would have their risk reclassified with the
addition of data from hsCRP testing. Movement to
higher risk categories was greatest among women and
blacks. The use of the Reynolds risk score to reclassify
the Framingham vascular risk score led to reclassifica-
tion of fewer people, and almost exclusively reclassified
men and women to a lower risk level.

Among the more than 19 000 participants in this
study, 48% of blacks and 34% of whites had hsCRP >3
mg/L. Although some of this difference was accounted
for by differences in vascular risk factors, blacks were
30% more likely to have increased hsCRP after con-
founder adjustment. The data add to growing evidence
on ethnic variation in hsCRP, and support a hypothesis
that higher inflammation might underlie differences in
vascular risk by ethnicity. One study including 1086
nonwhite women found higher hsCRP in blacks than
whites and Hispanics (who had concentrations similar
to whites), whereas Asian women had much lower con-
centrations (15 ). Some, but not all of the difference in
hsCRP among these groups was explained by differ-
ences in prevalence of obesity. In a study of 1250 Ca-
nadian adults, much but not all of the difference in
hsCRP concentrations among ethnic groups was ex-
plained by other metabolic risk factors, with higher
hsCRP in Aboriginals and South Asians, and lower
hsCRP in Chinese than whites (16 ). Among 1940 men
participating in the National Health and Nutrition Ex-
amination Survey (NHANES) 1999-2000, there was
no difference in hsCRP by race among whites, blacks,
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and Mexican-Americans (13). Among 1912 women in
NHANES 1999-2000, Mexican-Americans had higher
hsCRP than whites, but blacks had similar values (14 ).
In the 15341 NHANES III 1988-1994 participants,
with the use of a low-sensitivity CRP assay, CRP was
higher in blacks, but whether this difference was ex-
plained by differences in other CRP correlates was not
studied (17). In 6814 participants of the Multi-Ethnic
Study of Atherosclerosis, hsCRP was lower in Chinese
and higher in Hispanics and blacks compared to whites
(18). In 2 reports from the Study of Women’s Health
Across the Nation, among 2834 premenopausal
women, differences in hsCRP by ethnicity were partly
explained by dietary factors, cardiac risk factors, and
physical activity level (23, 24 ).

In this study 47% of women had hsCRP >3 mg/L,
and women had nearly twice the odds of increased
hsCRP than men. Women were more likely to have
increased hsCRP despite the much lower Framingham
predicted risk of heart disease in women than men. In
NHANES 1999 -2000, 31% of women had hsCRP 3-10
mg/L, and when other risk factors were taken into ac-
count, women were 2.6-fold more likely than men to
have hsCRP concentrations of 3—10 mg/L (14). In
NHANES III, women were also 2.1-fold more likely to
have hsCRP >3 mg/L (using a low-sensitivity assay),
independent of other factors (17). The Multi-Ethnic
Study of Atherosclerosis investigators also reported
higher hsCRP among women after accounting for dif-
ferences in other risk factor levels, with 45% of women
and 25% of men having hsCRP >3 mg/L (18). Al-
though higher hsCRP predicts vascular risk in popula-
tion samples of women (25 ), results have been variable
(4), and the high prevalence of increased hsCRP in
women suggests clinical utility may be lower in women
than men (4 ) if hsCRP values are not taken in context
of other risk factors by using a risk score (6). Further
follow-up in the large REGARDS cohort will help clar-
ify these questions.

To our knowledge, this is the first report of hsCRP
concentrations in stroke belt residents. This regional
difference was not explained by differences in tradi-
tional stroke risk factors including hypertension, dia-
betes, and smoking, which are more prevalent in the
stroke belt (12). In a previous REGARDS report, geo-
graphic differences in stroke risk factors were predicted
to explain less than one-fourth of the increased stroke
risk in that region (12). Along with the findings pre-
sented here, results suggest that the higher risk of death
from stroke in this region may be associated, in part,
with nontraditional risk factors such as CRP.

CRP testing is being adopted in clinical practice for
risk assessment for prescription of lipid-lowering treat-
ment to prevent first cardiovascular events (26 ). Infor-
mation used to develop CRP cutpoints for clinical
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practice was derived from selected populations (1).
With the use of CRP in accordance with current guide-
lines (1) and application of the new Framingham vas-
cular risk score (to predict overall vascular risk), in
nondiabetic REGARDS women with a Framingham
vascular predicted risk of 5%-20%, 48% of these
women would be potentially reclassified as higher risk
and 19% as lower risk. Among men, these percentages
would be 24% and 40%, respectively. Blacks would
more often be reclassified to a higher risk category than
whites. More people would move to a higher risk group
with the use of the Framingham coronary score with
CRP than with the vascular score with CRP, perhaps
because the Framingham vascular score classifies more
people as high risk. Although follow-up cardiovascular
events are needed to determine validity of these reclas-
sifications in this population sample, the current data
raise important questions about the generalizability of
standard hsCRP cutpoints among ethnic and sex
groups and across geographic regions.

The Reynolds risk score includes assessment of tra-
ditional vascular risk factors, family history, and hsCRP
(6, 7), and like the new Framingham vascular score, pre-
dicts overall vascular outcomes. Applying the Reynolds
score in nondiabetic REGARDS women not using lipid
lowering medication, 85% of 3202 women with a 10-year
predicted risk >5% by Framingham would be reclassified
to a different level of predicted risk with the Reynolds
score, with <29% reclassified to a higher risk group. This
pattern differs from the Women’s Health Study, the large
clinical trial population in which the Reynolds score was
developed and validated (6 ). In that study more women
were reclassified to higher risk levels; the Reynolds score
was compared to standard risk scoring for coronary dis-
ease, and the sample size was smaller, which may explain
the difference. Among REGARDS men, 67% of 3542 men
with a 10-year predicted risk >5% by Framingham were
reclassified to a different level with the Reynolds score,
with only 24 men reclassified upward. In the Physicians
Health Study II, in which the Reynolds score for men was
developed and compared to standard coronary risk scor-
ing, only 20% of 6884 men with a traditional predicted
risk of 5%—-20% were reclassified, with 12% reclassified
downward and 8% upward (7). It is important to note
that the Reynolds score was validated to predict myocar-
dial infarction, stroke, coronary revascularization, and
cardiovascular mortality, whereas the Framingham vas-
cular score included these outcomes and the partly over-
lapping endpoints of angina, coronary insufficiency, tran-
sient ischemic attack, peripheral artery disease, and heart
failure. These differences in outcomes for the scoring sys-
tems may explain some of the differences in reclassifica-
tion we observed. Data for the Framingham coronary
score, which predicts angina, recognized and unrecog-
nized myocardial infarction, coronary insufficiency, and

coronary death are shown in online Supplemental Table
1. The implications of this risk reclassification in RE-
GARDS, a cohort with characteristics differing from those
of the cohorts for the Women’s Health Study and Physi-
cians Health Study II (more ethnically diverse, lower so-
cioeconomic status, and not clinical trial participants), re-
quire further evaluation by assessing vascular outcomes in
REGARDS.

Limitations of our study merit discussion. Impor-
tantly, we did not include prediction of vascular events.
The various risk algorithms evaluated may not be com-
parable for reasons other than hsCRP inclusion be-
cause they predict different endpoints. Importantly,
for the reclassification of risk based on Framingham
score, we were not able to incorporate hsCRP into a
model that would allow reweighting of all the risk fac-
tors, because we did not assess outcomes. Data on fam-
ily history of heart disease was not yet coded for all
study participants at the time of this analysis, so the
Reynolds score could not be calculated. The Framing-
ham score for these participants had a distribution sim-
ilar to that for the participants with complete data.
Strengths of this analysis include generalizability and
large sample size. Our study population included 7847
blacks and 11 003 women, whereas most previous data
have primarily included male or white populations. In
our study the cohort was geographically dispersed so
geographic associations could be studied, a strategy
that also improves confidence in the generalizability of
our findings compared to the field-center—based stud-
ies on which most previous data are based.

In conclusion, in this large population-based sam-
ple of white and black men and women there was a
higher prevalence of increased hsCRP than has been
observed in most other studies. Women, blacks, and
individuals living in the stroke belt had a higher prev-
alence of increased hsCRP. All studied vascular risk fac-
tors and lower socioeconomic status were associated
with increased hsCRP, but these variables did not ex-
plain the observed differences by sex, race, and region.
If hsCRP testing was included in vascular risk predic-
tion algorithms in this population and these findings
were used to alter lipid prescription (26 ), larger num-
bers of people than previously reported, especially
blacks and women, would be reclassified to a different
level of predicted vascular risk. Follow-up of this co-
hort for clinical outcomes will determine the signifi-
cance of these findings.
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