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ABSTRACT

Objectives: To quantify the association between systemic levels of the chemokine regulated on
activation normal T-cell expressed and secreted (RANTES/CCL5), interferon-�-inducible
protein-10 (IP-10/CXCL10), monocyte chemoattractant protein-1 (MCP-1/CCL2), and eotaxin-1
(CCL11) with future coronary heart disease (CHD) and ischemic stroke events and to assess their
usefulness for CHD and ischemic stroke risk prediction in the PRIME Study.

Methods: After 10 years of follow-up of 9,771 men, 2 nested case-control studies were built
including 621 first CHD events and 1,242 matched controls and 95 first ischemic stroke events
and 190 matched controls. Standardized hazard ratios (HRs) for each log-transformed chemo-
kine were estimated by conditional logistic regression.

Results: None of the 4 chemokines were independent predictors of CHD, either with respect to
stable angina or to acute coronary syndrome. Conversely, RANTES (HR � 1.70; 95% confidence
interval [CI] 1.05–2.74), IP-10 (HR � 1.53; 95% CI 1.06–2.20), and eotaxin-1 (HR � 1.59; 95%
CI 1.02–2.46), but not MCP-1 (HR � 0.99; 95% CI 0.68–1.46), were associated with ischemic
stroke independently of traditional cardiovascular risk factors, hs-CRP, and fibrinogen. When the
first 3 chemokines were included in the same multivariate model, RANTES and IP-10 remained
predictive of ischemic stroke. Their addition to a traditional risk factor model predicting ischemic
stroke substantially improved the C-statistic from 0.6756 to 0.7425 (p � 0.004).

Conclusions: In asymptomatic men, higher systemic levels of RANTES and IP-10 are independent
predictors of ischemic stroke but not of CHD events. RANTES and IP-10 may improve the accuracy of
ischemic stroke risk prediction over traditional risk factors. Neurology® 2011;77:1165–1173

GLOSSARY
CHD � coronary heart disease; CI � confidence interval; HDL � high-density lipoprotein cholesterol; HR � hazard ratio;
hs-CRP � high sensitivity C-reactive protein; IP-10 � interferon-�-inducible protein-10; MCP-1 � monocyte chemoattrac-
tant protein-1; NRI � Net Reclassification Improvement; RANTES � regulated on activation normal T-cell expressed and
secreted.

Chemokines participate in the inflammatory process of atherosclerosis1–4 by attracting T-cells and
macrophages into atherosclerotic lesions, and in the mobilization of inflammatory and progenitor
cells from the bone marrow to the circulating blood.5–7 Experimental studies have found raised levels
of chemokines in human atherosclerotic lesions.8,9 Clinical studies have shown that circulating
chemokines and especially monocyte chemoattractant protein-1 (MCP-1/CCL2) were indepen-
dent predictors of recurrent coronary heart disease (CHD) and cardiovascular death.10–13 However,
whether plasma levels of chemokines are independent predictors of incident cardiovascular disease
in asymptomatic subjects remains unclear.14–17 Previous studies have mostly investigated a single
chemokine, although several chemokines are involved in the progression of atherosclerosis. Moreover, to
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our knowledge, none of these previous studies have
examined the association between systemic
chemokines and the risk of ischemic stroke.

We therefore examined the association
between systemic levels of the chemokines
regulated on activation normal T-cell ex-
pressed and secreted (RANTES/CCL5),
interferon-�-inducible protein-10 (IP-10/
CXCL10), MCP-1 (CCL2), and eotaxin-1
(CCL11), and future CHD and ischemic
stroke events in middle-aged European male
participants of the PRIME Study (étude Pro-
spective sur l’Infarctus du Myocarde).

METHODS Study population. Overall, 10,602 men aged
50 to 59 years were recruited between 1991 and 1993 by 4
collaborating WHO MONICA centers in Belfast (Northern Ire-
land), Lille, Strasbourg, and Toulouse (France).18 Among these,
823 subjects with coronary disease, 77 with a history of stroke at
baseline examination, were excluded from the present analysis,
leaving a study population of 9,711 men.

Baseline examination. General characteristics. Briefly, a
self-administered health questionnaire was completed by sub-
jects in their homes and was subsequently checked by trained
interviewers at the clinic. It covered a broad range of clinical
information, smoking habits, and use of medication. Diabetes
was defined by current oral hypoglycemic treatment or use of
insulin. Blood pressure was measured in the sitting position us-
ing identical automatic devices (Spengler SP9, Spengler,
Cachan, France). Hypertension was defined as a blood pressure
higher than 140/90 mm Hg or the use of antihypertensive med-
ication. A 12-lead EKG was also recorded.18

Biological measurements. Blood was drawn after overnight
fasting. A subset of biological measurements was carried out us-
ing fresh plasma for the entire cohort. Plasma lipid analyses were
centralized (SERLIA INSERM U325, The Lille Pasteur Insti-
tute, France). Total cholesterol and high-density lipoprotein
cholesterol (HDL cholesterol) were measured by enzymatic
methods using commercial kits in an automated analyzer
(Boehringer, Mannheim, Germany). Fibrinogen was assessed by
the Laboratory of Hemostasis at La Timone Hospital in Mar-
seilles, France, using commercially available ELISA kits from Di-
agnostica Stago (Asnières-sur-Seine, France). Aliquots of serum
and plasma were also frozen in liquid nitrogen for the analysis of

biomarkers in nested case-control studies (see below).

Follow-up and verification of cases. During the 10-year
follow-up period, subjects were contacted annually by letter and
asked to complete a clinical event questionnaire. For all subjects
reporting a possible event, clinical information was sought di-
rectly from hospital or general practitioner records. All details
concerning electrocardiograms, hospital admissions, enzyme lev-
els, surgical intervention, angioplasty, and medical treatment
were collected. Where applicable, the circumstances of death
were obtained from the practitioner or the patient’s family. In
the few cases where these were not available from the practitioner
or the family, death certificates were checked for supporting clin-
ical or postmortem information on the cause of death.

CHD and ischemic stroke events were adjudicated by 2 in-
dependent medical committees. CHD events (stable and unsta-
ble angina, myocardial infarction, and coronary death) were

defined as previously described using clinical, biological, stress
test, scintigraphic, or angiographic criteria.18 Stroke was defined
as previously reported19 according to WHO MONICA criteria
as an acute focal cerebral function deficit including acute hemi-
paresis or hemiplegia, hemianopia, diplopia, dysarthria or apha-
sia, ataxia, acute loss of balance or coordination or an acute
global cerebral function deficit including coma or the 4 limbs
and cranial nerve palsy, of a vascular origin and persisting for
more than 24 hours (except if the symptoms were interrupted by
a surgical intervention or death). It included 1) ischemic stroke
due to occlusion of small arteries, so-called lacunar infarct, occlusion
of large arteries, i.e., atherothrombotic stroke, and stroke due to
cardiac embolism; 2) intracerebral hemorrhage; and 3) subarach-
noid hemorrhage. Transient or permanent cerebral focal deficit
caused by a blood disease, a cerebral tumor or metastasis, or second-
ary to a trauma, were not considered by the stroke medical commit-
tee. Clinical information, computerized tomodensitometry scans
(compatible signs), and angiographic and autopsy data were used to
distinguish between ischemic and hemorrhagic stroke events. After
10 years of follow-up, the CHD and ischemic stroke event status
was available for 95.1% of the cohort.

Standard protocol approvals, registrations, and patient
consents. The protocol was approved by the institutional re-
view board of Broussais Hospital, Paris, France. Written in-
formed consent was obtained for each subject who agreed to
participate in the PRIME Study.

Nested case-control studies. At the end of the 10 years of
follow-up, 635 men developed a first coronary event and 98 a
first ischemic stroke but baseline plasma samples were available,
respectively, for 621 and 95 men (cases). Moreover, 1,242 and
190 matched controls (2 controls per case), respectively, were
randomly selected from the initial cohort, and used for analysis
(nested case-control study design). Matched controls were study
participants recruited by the same center on the same day (�3
days), and of the same age (�3 years) as the corresponding case,
and who were free from CHD and ischemic stroke at the time of
the index date (CHD or ischemic stroke event).20

Measurements of biomarkers were performed blind with re-
spect to the case-control status. Circulating levels of high sensi-
tivity C-reactive protein (hs-CRP), RANTES, IP-10, MCP-1,
and eotaxin-1 were determined by a multiplex bioassay using
commercially available kits. Commercial kits for hs-CRP, IP-10,
and eotaxin-1 were obtained from R&D Systems (Minneapolis,
MN) and for MCP-1 and RANTES from Bio-Rad (Hercules,
CA). Each multiplex assay was performed according to the man-
ufacturer’s specifications. The plates were read on a Luminex®

200™ instrument system.

Statistical analysis. The baseline characteristics of cases and
matched controls were compared using conditional logistic re-
gression. In the CHD control group, correlation coefficients
were estimated by the Spearman rank test, while the median
values of the chemokines were compared according to risk factor
categories using the Wilcoxon-Mann-Whitney or Kruskal-
Wallis tests. Hazard ratios (HR) and 95% confidence intervals
(CIs) of each chemokine were estimated for CHD and for isch-
emic stroke using separate conditional logistic regression analy-
ses, and were given for 1 SD of the log-transformed chemokine
levels calculated for each control group. Analysis was adjusted for
smoking status, hypertension, diabetes, body mass index, HDL
and total cholesterol, triglycerides, and thereafter for hs-CRP
and fibrinogen. Calibration of our final model was estimated by
the Hosmer Lemeshow statistics in which a p value greater than
0.20 indicates adequate fit. Discrimination of our model was
assessed by the C-statistic which was calculated from uncondi-
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tional logistic regression adjusted for matched variables and the
C-statistic of the model with and without chemokines was com-
pared using a nonparametric test developed by Delong et al.21

appropriate for nonindependent data. Discrimination was also
quantified by calculating the Net Reclassification Improve-
ment index (NRI).22 To correct for the overestimation of the
individual risk estimation due to the case-control design of
the study, a correction on the intercept was made as proposed
by Janes et al.23 Thereafter the tertiles of these corrected indi-
vidual probabilities were used to define risk categories. Due
to their skewed distribution, chemokines, triglycerides, hs-
CRP, and fibrinogen were log-transformed for statistical anal-
yses. All comparisons were 2-sided and a p value of less than
0.05 indicated a statistically significant difference. Analyses
were performed using STATA™ software version 9.1 (Stata-
Corp, College Station, TX).

RESULTS Of the 9,771 men who had no past his-
tory of stroke and CHD at baseline and after 10 years
of follow-up, 635 had a first CHD event (408 in
France and 227 in Northern Ireland) and 122 a first
stroke including 98 of ischemic origin (64 in France
and 34 in Northern Ireland) yielding incidence rates
of 7.02 per 1,000 person-years for CHD and of 1.08
per 1,000 person-years for ischemic stroke events.

Baseline clinical characteristics. As shown in table 1,
CHD cases had significantly higher levels of tradi-
tional cardiovascular risk factors (but a lower level of
HDL cholesterol) as well as of hs-CRP, fibrinogen,
RANTES, and eotaxin-1, and used more statins,
�-blockers, and ACE inhibitors compared to con-
trols. Ischemic stroke cases were more likely to be
diabetic, hypertensive, and current smokers, and had
higher triglyceride, hs-CRP, fibrinogen, RANTES,
IP-10, and eotaxin-1 levels compared to controls.

Correlates of chemokines in CHD controls. As shown
in table 2, chemokines were modestly correlated with
traditional cardiovascular risk factors, hs-CRP and
fibrinogen, with significant correlation coefficients
ranging from �0.07 to �0.21. Correlations between
chemokines ranged from �0.20 to �0.49. The cir-
culating level of IP-10 decreased with current smok-
ing status but increased with hypertension. The level
of eotaxin-1 increased with current smoking status.
The median levels of the chemokines did not differ
according to statin or aspirin use.

Table 1 Baseline characteristics of CHD and ischemic stroke cases and of their respective matched
controls: The PRIME Study

CHD Ischemic stroke

Controls
(n � 1,242) Cases (n � 621) pa

Controls
(n � 190) Cases (n � 95) pa

Age, y 55.2 (2.8) 55.3 (3.0) — 55.5 (2.7) 55.6 (2.9) —

Hypertension,b % (n) 40.7 (506) 58.9 (366) �0.001 41.6 (79) 60.0 (57) 0.003

Current smokers, % (n) 26.9 (334) 35.9 (223) �0.001 22.4 (43) 40.6 (39) 0.02

Diabetes, % (n) 1.9 (23) 4.4 (27) 0.002 2.6 (5) 9.4 (9) 0.02

BMI, kg/m2, mean (SD) 26.6 (3.3) 27.3 (3.6) �0.001 26.6 (3.3) 26.9 (4.1) 0.52

HDL cholesterol, g/L, mean (SD) 0.49 (0.13) 0.45 (0.12) �0.001 0.49 (0.11) 0.48 (0.14) 0.28

Total cholesterol, g/L, mean (SD) 2.22 (0.36) 2.32 (0.40) �0.001 2.21 (0.39) 2.26 (0.41) 0.29

Triglycerides, g/L, med (25th–75th) 1.20 (0.92–1.75) 1.44 (1.06–2.11) �0.001 1.17 (0.89–1.69) 1.37 (1.06–1.86) 0.02

Aspirin, % (n) 3.3 (41) 2.4 (15) 0.31 2.6 (5) 1.0 (1) 0.40

Statins, % (n) 1.2 (15) 3.9 (24) �0.001 0.5 (1) 2.1 (2) 0.26

�-Blockers, % (n) 4.8 (60) 9.8 (61) �0.001 6.3 (12) 9.4 (9) 0.35

ACE inhibitors, % (n) 4.3 (53) 6.6 (41) 0.027 5.2 (10) 9.4 (9) 0.18

hs-CRP, mg/L, med (25th–75th) 2.35 (1.15–4.62) 3.13 (1.63–5.74) �0.001 2.07 (1.08–3.97) 2.90 (1.51–4.77) 0.021

Fibrinogen, g/L, med (25th–75th) 3.11 (2.73–3.68) 3.31 (2.85–4.01) �0.001 3.09 (2.68–3.53) 3.26 (2.83–3.8) 0.017

RANTES, ng/mL, med (25th–75th) 56.8 (38.0–77.7) 59.5 (38.2–81.4) 0.028 52.7 (32.6–74.8) 64.6 (45.8–95.3) 0.021

IP-10, pg/mL, med (25th–75th) 8.3 (4.8–14.6) 8.5 (4.5–14.6) 0.47 8.5 (5.2–15.4) 10.7 (7.1–19.1) 0.021

MCP-1, pg/mL, med (25th–75th) 82 (54–121) 82.6 (52.7–114.4) 0.64 81 (49–131) 90 (60–114) 0.88

Eotaxin-1, pg/mL, med (25th–75th) 174 (115–258) 186 (122–268) 0.018 172 (102–234) 186 (126–280) 0.013

Abbreviations: BMI � body mass index; CHD � coronary heart disease; HDL � high-density lipoprotein cholesterol; hs-
CRP � high sensitivity C-reactive protein; IP-10 � interferon-�-inducible protein-10; MCP-1 � monocyte chemoattractant
protein-1; RANTES � regulated on activation normal T-cell expressed and secreted.
a p Values derived from a conditional logistic regression that takes matched variables into account; triglycerides, hs-CRP,
fibrinogen, and chemokines were log transformed for statistical analysis.
b Hypertension was defined as a blood pressure higher than 140/90 mm Hg or use of antihypertensive medication.
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Circulating chemokines and future CHD events. The
figure, A, depicts the standardized HRs for each
chemokine for the development of CHD. In unad-
justed analysis, higher RANTES (HR � 1.17; 95%
CI 1.02–1.34; p � 0.03) and eotaxin-1 levels (HR �

1.16; 95% CI 1.03–1.32; p � 0.014) were associated
with CHD whereas IP-10 (HR � 0.96; 95% CI
0.87–1.06; p � 0.44) and MCP-1 (HR � 0.98; 95%
CI 0.77–1.46; p � 0.73) were not. However, after

adjustment for traditional risk factors and medica-
tions, hs-CRP and fibrinogen, RANTES (HR �
1.10; 95% CI 0.95–1.29; p � 0.22) and eotaxin-1
(HR � 1.09; 95% CI 0.95–1.24; p � 0.20) were no
longer associated with CHD. Furthermore, RANTES
(HR � 1.21; 95% CI 1.03–1.43; p � 0.021),
eotaxin-1 (HR � 1.14; 95% CI 0.99–1.32; p �
0.06), and possibly MCP-1 (HR � 1.09; 95% CI
0.98–1.21; p � 0.11) were associated with acute cor-

Table 2 Interrelations between chemokines, traditional cardiovascular risk factors, hs-CRP, and fibrinogen
in the CHD control group (n � 1,242): The PRIME Study

RANTES IP-10 MCP-1 Eotaxin-1

Correlation coefficientsa

Age 0.02 0.04 0.21b 0.011

SBP (�) 0.04 ( p � 0.06) 0.12c (�) 0.01 (�) 0.07d

BMI �0.03 0.12c �0.004 (�) 0.07d

HDL cholesterol (�) 0.10c �0.006 �0.03 (�) 0.10c

Total cholesterol 0.008 �0.02 0.05 0.024

Triglycerides 0.10c 0.09b 0.06d 0.03

hs-CRP 0.17c 0.07d 0.05 0.13c

Fibrinogen 0.17c (�) 0.08b (�) 0.01 0.09b

RANTES — (�) 0.20c 0.37c 0.49c

IP-10 — — (�) 0.13c (�) 0.19c

MCP1 — — — 0.48c

Median levels (25th–75th)a

Nonsmokers 56.0 (39.7–74.2) 8.4 (5.2–15.3) 84.1 (55.1–119.6) 163 (115–247)

Ex-smokers 55.6 (34.8–76.1) 8.9 (5.3–15.3) 80.8 (52.9–112.1) 171 (110–248)

Current smokers 58.7 (38.3–85.1) 6.8 (3.2–12.9) 82.9 (53.2–122.5) 199 (139–287)

p 0.11 �0.001 0.79 �0.001

Nonhypertensive 57.5 (38.4–78.4) 7.6 (4.5–13.8) 82.7 (52.8–122.1) 180 (121–263)

Hypertensivee 55.6 (36.0–76.2) 8.8 (5.3–15.7) 82.5 (55.1–119.3) 170 (110–252)

p 0.20 �0.01 0.87 0.12

Nondiabetic 56.8 (38.0–77.9) 8.3 (4.8–14.5) 82.5 (53.4–120.9) 174.4 (116.9–258.0)

Diabetic 54.3 (29.8–75.5) 11.1 (5.9–29.2) 84.6 (54.2–126.9) 224.9 (114.8–295.2)

p 0.43 0.20 0.89 0.49

Aspirin

No 56.7 (38.0–77.7) 8.3 (4.8–14.7) 82.6 (53.6–121.0) 174.6 (115.2–259.3)

Yes 57.6 (34.3–81.7) 8.8 (4.3–13.0) 81.7 (53.9–120.3) 169.5 (123.6–249.9)

p 0.96 0.66 0.75 0.74

Statins

No 56.8 (38.0–77.9) 8.3 (4.7–14.6) 82.4 (53.6–121.8) 174.4 (115.0–260.1)

Yes 53.5 (44.9–60.2) 8.9 (6.1–12.5) 84.3 (65.2–98.3) 150.0 (120.6–209.8)

p 0.5 0.66 0.96 0.31

Abbreviations: BMI � body mass index; CHD � coronary heart disease; HDL � high-density lipoprotein cholesterol; hs-
CRP � high sensitivity C-reactive protein; IP-10 � interferon-�-inducible protein-10; MCP-1 � monocyte chemoattractant
protein-1; RANTES � regulated on activation normal T-cell expressed and secreted; SBP � systolic blood pressure.
a Spearman correlation for continuous variables and Kruskal-Wallis or Wilcoxon-Mann-Whitney test for categorical variables,
respectively.
b p � 0.01.
c p � 0.001.
d p � 0.05.
e Hypertension was defined as a blood pressure higher than 140/90 mm Hg or use of antihypertensive medication.
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onary syndrome (n � 409) but not with stable an-
gina (n � 212) in unadjusted analyses, but not after
further adjustment for traditional cardiovascular risk
factors, hs-CRP and fibrinogen (not shown). More-
over, none of the 4 chemokines were associated with
the 29 fatal CHD events (not shown).

Circulating chemokines and future ischemic stroke
events. The standardized HRs for each chemokine
for the development of ischemic stroke are shown
in the figure, B. In unadjusted analyses, higher
RANTES (HR � 1.56; 95% CI 1.04–2.34; p �
0.032), IP-10 (HR � 1.48; 95% CI 1.06–2.08; p �
0.022), and eotaxin-1 (HR � 1.53; 95% CI 1.05–2.24;
p � 0.026) were associated with ischemic stroke.
These associations were unaffected by further adjust-

ment for traditional cardiovascular risk factors, med-
ications, hs-CRP, and fibrinogen. MCP-1, however,
was not associated with ischemic stroke even in un-
adjusted analysis (HR � 1.06; 95% CI 0.77–1.46;
p � 0.73).

When RANTES, IP-10, and eotaxin-1 were con-
sidered in the same model adjusted for cardiovascular
risk factors, medications, hs-CRP and fibrinogen,
RANTES (HR � 1.83; 95% CI 1.21–2.75; p �

0.004), and IP-10 (HR � 1.95; 95% CI 1.33–2.87;
p � 0.001) but not eotaxin-1 (HR � 1.14; 95% CI
0.76–1.71; p � 0.54) remained associated with isch-
emic stroke (backward analysis). In the same model,
hypertension (HR � 2.57; 95% CI 1.42–4.65; p �

0.002) and current smoking status (HR � 3.32;

Figure HRs and 95% CI of chemokines for CHD (A) and ischemic stroke (B): The PRIME Study

(A) Standardized adjusted hazard ratios (HRs) and 95% confidence interval (CI) for regulated on activation normal T-cell
expressed and secreted (RANTES), interferon-�-inducible protein-10 (IP-10), monocyte chemoattractant protein-1 (MCP-
1), and eotaxin-1 for coronary heart disease (CHD). The PRIME Study. HRs were estimated by conditional logistic regres-
sion and expressed for a 1-SD increase in the log-transformed chemokine values in controls. Model 1 � unadjusted
analysis. Model 2 � model 1 � hypertension, smoking, diabetes, body mass index (BMI), high-density lipoprotein (HDL) and
total cholesterol, triglycerides. Model 3 � model 2 � high sensitivity C-reactive protein (hs-CRP) and fibrinogen. (B) Stan-
dardized adjusted HRs and 95% CI for RANTES, IP-10, MCP-1, and eotaxin-1 for ischemic stroke. The PRIME Study. HRs
were estimated by conditional logistic regression and expressed for a 1-SD increase in the log-transformed chemokine
values in controls. Model 1 � unadjusted analysis. Model 2 � model 1 � hypertension, smoking, diabetes, BMI, HDL and
total cholesterol, triglycerides. Model 3 � model 2 � hs-CRP and fibrinogen.
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95% CI 1.62–6.80; p � 0.001) were the remaining
independent predictors. In sensitivity analysis, the
exclusion of ischemic stroke of cardioembolic origin

(n � 27) yielded standardized unadjusted HRs for
RANTES and IP-10 of 1.61 (0.94–2.77, p � 0.08)
and 1.37 (0.90–2.07, p � 0.14) respectively. Fatal
ischemic strokes were too few (n � 7) to assess reli-
ably their association with chemokines.

Contribution of systemic RANTES and IP-10 levels to
ischemic stroke risk prediction. The goodness of fit of
the final prediction model that included hypertension
and smoking status in addition to age and study center
was adequate (p value of the Hosmer Lemeshow
statistic � 0.31). As shown in table 3, the
C-statistic of the traditional risk factors– based
model was improved by the addition of IP-10
(borderline significant) or RANTES (statistically
significant) and improvement was even higher
when both chemokines were added simultane-
ously. As shown in table 4, the addition of both
chemokines reclassified 13.7% of the men.

DISCUSSION Incidence rate of first IS in the
French and the Northern Irish component of the
PRIME Study was consistent with that published in
the French Dijon stroke registry and in the OXVASC
study in the United Kingdom.24,25 The higher inci-
dence rate of IS in Northern Irish than in French
men in PRIME is also consistent with the north to
south gradient of IS in Europe. The age range of 50
to 59 years may also explain the apparent dispropor-
tional ratio between CHD and ischemic stroke rates
in PRIME.26,27

In asymptomatic subjects, evidence for an associ-
ation between systemic chemokines and subclinical

Table 3 Comparison between C-statistic
indices of nested multivariate
models predicting ischemic stroke:
The PRIME Studya

c Statistic p Value

Traditional RF modelb (M1) 0.6756 —

Traditional RF model �
hs-CRP � fibrinogen (M2)

0.6826 0.58c

Traditional RF model �
IP-10 (M3a)

0.7095 0.08d

Traditional RF model �
RANTES (M3b)

0.7108 0.015e

Traditional RF model �
IP-10 � RANTES (M4)

0.7425 0.004f

Traditional RF model �
IP-10 � RANTES �
hs-CRP � fibrinogen (M5)

0.7416 0.90g

Abbreviations: hs-CRP � high sensitivity C-reactive pro-
tein; IP-10 � interferon-�-inducible protein-10; RANTES �

regulated on activation normal T-cell expressed and
secreted; RF � risk factors.
a C-statistic indices were derived from unconditional logis-
tic regression models adjusted for matched variables (age,
study center, and baseline examination date).
b The traditional RF model includes smoking and hyperten-
sion as additional covariates; IP-10, RANTES, hs-CRP, and
fibrinogen values were log-transformed. c-Statistic indices
were compared using the Delong test.
c M2 vs M1.
d M3a vs M1.
e M3b vs M1.
f M4 vs M1.
g M5 vs M4.

Table 4 Reclassification of ischemic stroke risk in cases and controls using a multivariable risk prediction
model with and without inclusion of RANTES and IP-10: The PRIME Studya

10-Year risk from
model without
RANTES and IP-10

10-Year risk from model with
RANTES and IP-10 Reclassified

Net correctly
reclassified % p

0% to
<0.08%

0.08% to
0.14 % >0.14%

Increased
riskb

Decreased
riskb

Cases (n � 91)

0% to <0.08% 11 8 2

17 (18.7%) 8 (8.8%) 9.9 0.072

0.08% to 0.14% 5 11 7

>0.14% 0 3 44

Controls (n � 184)

0% to <0.08% 52 16 2

33 (17.9) 40 (21.7%) 3.8 0.41

0.08% to 0.14% 24 29 15

>0.14% 10 6 30

Net reclassification
improvementc 13.7 0.057

Abbreviations: IP-10 � interferon-�-inducible protein-10; RANTES � regulated on activation normal T-cell expressed and
secreted.
a Risk categories were corrected for the case-control design.23

b Number of men reclassified upwards and downwards when RANTES and IP-10 were added in the model.
c Sum of correctly reclassified cases and controls.
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atherosclerosis or future CHD events is lacking. In 3
cross-sectional studies, the association between
MCP-1 and subclinical atherosclerosis was not inde-
pendent of traditional cardiovascular risk factors, es-
pecially age.28 –30 In prospective analyses, no firm
conclusion was drawn from the ARIC study regard-
ing the association of MCP1 with CHD.15 In the
EPIC-Norfolk study, higher IL-8 was independently
associated with CHD over 6 years.16 The MONICA/
KORA Augsburg Study is the only population-based
study to evaluate the association of several chemo-
kines with future CHD events.14 In this study, which
included 2,358 healthy participants who developed
381 first CHD events over 11 years, elevated
MCP-1, IL-8, and IP-10 levels at baseline were asso-
ciated with a higher risk of CHD in univariate analy-
sis but not after adjustment for traditional
cardiovascular risk factors.

In the PRIME Study, with twice the number of
CHD events as compared to the MONICA/KORA
Augsburg Study,14 we not only confirm the lack of an
independent association between MCP-1 and IP-10
and the risk of CHD, but we also extend these results
by showing that neither RANTES nor eotaxin-1 are
independent predictors of future CHD. Taken to-
gether, data from the current and previous studies sug-
gest that systemic chemokines may not be useful for the
estimation of CHD risk in asymptomatic subjects.

In the current study, 3 of the 4 chemokines tested
were strong and independent predictors of future
ischemic stroke, arguing against the possibility that
these results were due solely to chance. Moreover,
that RANTES and IP-10 remained predictive of
stroke when included in the same model suggests
that they were involved through different but poten-
tially complementary mechanistic pathways, a view
supported by their negative statistical correlation.

The apparently selective association of systemic
chemokines with ischemic stroke as opposed to
CHD requires confirmation. From a mechanistic
point of view, the absence of an independent associa-
tion between chemokines involved in monocyte/
macrophage trafficking (MCP-1 or IL-8) and
incident symptomatic CHD or stroke is, a posteriori,
not completely unexpected. Besides its role in the
promotion of inflammatory atherosclerotic lesion
growth, monocyte/macrophage recruitment into the
ischemic brain or myocardium is also required to en-
sure adaptive collateral vessel growth, neovasculariza-
tion, and tissue repair,31,32 all of which might
significantly limit disease severity and reduce the oc-
currence/incidence of sustained symptomatic disease.
In addition, resident microglia greatly contributes to
the response of the brain to injury,33 possibly substi-
tuting for and substantially limiting the need for

monocyte recruitment. In fact, this might also ex-
plain why T-cell recruitment and activation in the
injured brain parenchyma could be the critical step
in the progression and severity of brain injury,34,35 and
why T cell-directed chemokines such as RANTES and
IP-10 are particularly important in stroke prediction.
Circulating T cells have been shown to closely inter-
act with meningeal vascular structures, crawling
along and monitoring the luminal vascular surface,
and crossing the vessel wall in response to brain in-
jury.36 They then interact with resident perivascular
and brain phagocytes for sustained activation.35,36

Consistent with this, several recent experimental
studies have highlighted the critical role of T cells in
the progression of brain injury in response to isch-
emia.34,35 It is worth noting that RANTES/CCR5
signaling and IP-10 are known promoters of T-cell
recruitment and activation.37,38 In addition, RANTES/
CCR5 restrains IL-10 production37 while IP-10 in-
hibits regulatory T-cell recruitment,38 2 pathways re-
cently shown to play critical roles in the control of
the inflammatory response to brain injury and in
brain protection after an ischemic insult.34,35 All these
putative mechanisms arise from experimental models in
which chemokine levels were elevated at the time or
after brain injury. Whether the same mechanisms al-
ready operate but at much lower degrees several years
prior to the events should be assessed. The residual con-
founding effect of a silent carotid artery stenosis or a
silent cerebral injury might also explain that subjects
who would have an ischemic stroke had higher levels of
IP-10 and RANTES several years prior to the event in
the present study.

Our results may have important clinical implica-
tions, as we show that the consideration of RANTES
and IP-10 may improve the ability of a model to
discriminate between those men who are likely to
develop a first ischemic stroke from those who are
not. Moreover, recent experimental evidence sug-
gests that the combined inhibition of CCL2,
CX3CR1, and CCR5,5 the inhibition of the func-
tional interaction of RANTES with CXCL4,39 or the
use of a RANTES antagonist40 reduces the progression
of atherosclerosis in mice models, suggesting that
chemokines may represent novel therapeutic targets for
atherosclerotic disorders in the near future. It should be
remembered, however, that at present, assays for sys-
temic chemokines lack standardization. In addition,
chemokine levels have short half-life and their stability
over time (intraindividual variation) is not known yet.
Whether repeated assessments over time would yield
more precise estimates of their predictive power for vas-
cular risk should be assessed in the future.

Analyses by ischemic stroke phenotype could not be
conducted given the reduced numbers of stroke events.
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The incremental value of IP-10 and RANTES for isch-
emic stroke risk prediction should be evaluated in an
independent dataset. Statin therapy could impact sys-
temic chemokine levels but such therapy was used spar-
ingly when the PRIME Study began in the early 1990s.
This study needs to be confirmed in other ethnicities, in
women, and in the elderly.
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