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Abstract

Background and Purpose—Interleukin-6 (IL6) is a pro-inflammatory cytokine with known
auto-regulatory feedback mechanisms. We hypothesized elevated high-sensitivity C-reactive
protein (hsCRP) relative to IL6 confers an increased risk of ischemic stroke (IS), and low hsCRP
relative to IL6 a decreased risk, for individuals in the prospective, multi-ethnic, population-based
Northern Manhattan Study (NOMAS).

Methods—Serum hs-CRP and IL6 were measured in NOMAS participants at baseline. We
created a trichotomized predictor based on the dominant biomarker in terms of quartiles: hsCRP-
dominant; IL6-dominant; and co-dominant groups. Cox proportional hazards models were used to
calculate hazard ratios and 95% confidence intervals (HR, 95%Cl) for the association between
inflammatory biomarker group status and risk of incident IS.

Results—Of 3298 participants, both hsCRP and IL6 were available in 1656 participants (mean
follow-up 7.8 years, 113 incident IS). The hsCRP-dominant group had increased risk of IS
(adjusted HR 2.62, 95%CI 1.56-4.41) and the IL6-dominant group had decreased risk (adjusted
HR 0.38, 95%CI 0.18-0.82), compared to the referent group, after adjusting for potential
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confounders. Model fit was improved using the inflammation dominant construct, over either
biomarker alone.

Conclusions—In this multi-ethnic cohort, when hsCRP quartile was higher than IL6 quartile, 1S
risk was increased, and conversely when IL6 quartiles were elevated relative to hsCRP, IS risk
was decreased. Construct validity requires confirmation in other cohorts.

INTRODUCTION

Inflammatory biomarkers serve as immune system health indicators, and in vascular
research, elevated levels support evidence of ongoing disease processes that can up-regulate
atherosclerosis or induce pro-thrombotic states.(1) Cytokine profiles produce snapshots of
dynamic and complex immune system responses to the milieu of acute and chronic stimuli.
High sensitivity C-reactive protein (hsCRP) is one of the most investigated cytokines in
cardiovascular research (2) and has been found to predict ischemic stroke in some, but not
all populations.(3) Interleukin-6 (IL6) is a pro-inflammatory cytokine similarly associated
with increased vascular risk,(4) but it is also paradoxically linked to anti-inflammatory
moleculesthrough complex auto-inhibitory feedback mechanisms.

Low ratios of hsCRP to IL6 levels have been observed among statin users (5) and among
morbidly obese patients after weight loss from gastric bypass surgery.(6) In both scenarios, a
decrease in relative levels of serum hsCRP to IL6 may reflect improved immune system
homeostasis and a reduction in the underlying inflammatory state. Previous analysis in the
Northern Manhattan Study (NOMAS) failed to confirm an independent association between
hsCRP and increased risk of stroke.(3) In this analysis, we a priori selected CRP and IL6
biomarkers based on existing literature, and then created a trichotomized variable for
systemic inflammation, with categorization dependent on which component (hs-CRP or IL6)
is dominant in terms of quartile levels: hs-CRP-dominant, IL6-dominant, and co-dominant,
as a reference group. We hypothesized that stroke-free individuals with elevated hsCRP
relative to IL6 would have an increased risk of ischemic stroke, and those with low hsCRP
relative to IL6 a decreased risk, after adjusting for demographic and clinical risk factors.

METHODS

Study Design and Data Source

As previously reported, NOMAS is a population-based, urban, multi-ethnic prospective
cohort study.(7) Participants were recruited using random-digit dialing from 1993 until 2003
and selected using the following eligibility criteria: (i) no prior diagnosis of stroke, (ii) over
the age of 39 years; and (iii) resided in Northern Manhattan. The race-ethnic distribution of
this cohort consists of 63% Hispanic, 20% non-Hispanic black, and 15% non-Hispanic white
residents. All study participants provided informed consent and this study received approval
from the Institutional Review Boards at Columbia University Medical Center and University
of Miami.
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Study Sample

An analytic sub-sample (50.2%) was selected from among the full NOMAS population
(n=3,298) based on the availability of blood samples for assay for both hsCRP and IL6
(n=1656).

Follow-Up and Ascertainment of Outcomes

Covariates

Annual telephone follow-up evaluation was conducted for all participants to assess vital
status and intermittent hospitalization or illness, as previously described.(3) Primary stroke
outcomes were defined by the first symptomatic occurrence of stroke according to World
Health Organization criteria, as previously described.(8) Stroke subtype (ischemic or
hemorrhagic) was decided by a consensus of two study neurologists, with a third neurologist
adjudicating as needed. Myocardial infarction (MI) was defined according to criteria
developed from the Cardiac Arrhythmia Suppression Trial and the Lipid Research Clinics
Coronary Primary Prevention Trial.(9) MI was diagnosed by a study cardiologist. Death
arising from stroke, Ml, congestive heart failure, pulmonary embolism, arrhythmia/sudden
death, aortic aneurysm, aortic or mitral stenosis and left ventricular hypertrophy was
considered vascular death endpoints. All other causes of death were characterized as non-
vascular. Causes of death were classified by a trained research associate for all participants
and any uncertain cases were adjudicated by study physicians.

Primary Explanatory Variable: Relative HSCRP/IL6 Dominance—Serum samples
were drawn from participants at baseline. Whole blood was collected in 5cc EDTA anti-
coagulated tubes by a trained phlebotomist. Blood samples were centrifuged at 3000 rpm for
10 minutes, with serum samples immediately separated, aliquoted and stored in 1.2 mL
cryule vials at =70°C until ready for batch testing. IL6 levels were measured using an
enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, MN) and hsCRP using
the BNII nephelometry system (Dade Behring, Deerfield, IL).

IL6 and hsCRP values were independently assigned quartile values (values between 1-4),
based on the NOMAS cohort distribution. A continuous predictor of relative hsCRP quartile
to IL6 quartiles was created and trichotomized, with categorization dependent on which
component was dominant in terms of quartiles: hs-CRP-dominant, if hs-CRP-quartile>I1L6-
quartile (hs-CRP-quartile/IL6-quartile>1); IL6-dominant, if hs-CRP-quartile<IL6-quartile
(hs-CRP-quartile/IL6-quartile<1); and reference group, if hs-CRP-quartile=IL6-quartile (hs-
CRP-quartile/IL6-quartile=1) (Shown in Figure 1).

Demographics and Behavioral Risk Factors—Demographic variables included: age
(measured continuously); sex; education (less than high school (HS) or =HS educational
attainment); race (self-reported and collapsed into: Hispanic, non-Hispanic black and non-
Hispanic white, as reference); and insurance status collapsed into no-insurance or Medicaid,
and private insurance or Medicare as reference. Behavioral risk factors included waist
circumference, alcohol consumption, smoking, and physical activity. Waist circumference
was measured by trained researchers and reported as a continuous variable. Alcohol intake
was assessed using the National Cancer Institute food frequency questionnaire and collapsed
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into two categories: moderate consumption (=1 drink per month and up to <2 drinks daily),
and the remaining as reference group. Smoking status was assessed as current, past, and
never smoker (reference). Leisure physical activity levels were measured via an adapted
National Health Interview Survey and partitioned into 2 levels: moderate to heavy, and none
to low activity.

Clinical Risk Factors—Clinical risk factors have been previously described(3) and are
briefly discussed here. Hypertension was defined as systolic blood pressure (SBP)= 140 mm
Hg or diastolic blood pressure of =90 mm Hg, prior history for diagnosis, patient self-
report, or anti-hypertensive drug use. A continuous measure of SBP was used for modeling.
Diabetes mellitus was defined as fasting glucose = 126 mg/dl or a participant’s self-report of
history of disease, or insulin or hypoglycemic drug use, and represented as a binary variable.
Fasting lipid panels were measured to establish low density lipoprotein (LDL), high density
lipoprotein (HDL), and modeled continuously. Coronary artery disease (CAD) was
established by self-report or health provider diagnosis and reported as a binary variable.

Statistical Methods

RESULTS

The baseline characteristics and their relations to inflammatory categories (hsCRP-
dominant, IL6 dominant and referent group) were calculated. We fitted Cox proportional
hazard regression models to estimate hazard ratios and 95% CI (HR, 95% CI) for the
trichotomized predictor, both unadjusted and after adjusting for demographics, medical and
behavioral risk factors: age, sex, race-ethnicity, education, insurance status, history of
coronary artery disease, diabetes status, systolic blood pressure, waist circumference, HDL,
LDL, cigarette smoking, alcohol consumption, physical activity and cholesterol medication.
The primary outcome was ischemic stroke. Secondary outcomes included total strokes, Ml,
vascular mortality and non-vascular mortality. Final models and interaction models of
inflammation status with covariates were examined using the likelihood-ratio test (LRT)
with specified degrees of freedoms (df) to ensure overall associations on outcomes. After
examining the proportional hazards assumption, we censored follow-up at 10 years in our
final models. Inverse probability weighting was conducted as a sensitivity analysis to correct
a potential bias due to only using complete observations for hsCRP and IL6 values. (10) (11)
All statistical analyses were conducted using SAS, version 9.2.3 (Cary, NC).

The characteristics of this cohort are presented in Table 1. Briefly, the mean age was 69.1
(SD=10.3) years, 21.5% white, 24.4% black, and 54.1% Hispanic. There were 517 (31.2%)
in the hsCRP-dominant, 544 (32.9%) in IL6-dominant, and 595 (35.9%) in the no-
dominance reference group. The median follow-up was 7.8 years, with 113 incident
ischemic strokes, 135 all-cause strokes, 116 myocardial infarctions, 225 vascular mortality
endpoints and 259 non-vascular mortality endpoints. The median biomarker levels were
hsCRP=2.54 mg/L (IQR 1.06-5.84) and IL6=1.58 pg/mL (IQR 0.82-2.91) overall, with
race/ethnic specific distributions reported in Table 1.
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HsCRP Dominance and IL6 Dominance and Ischemic Stroke Risk

The categorical hsCRP-dominant group had an increased risk of ischemic stroke in the fully
adjusted model (adjusted HR 2.62, 95%CI 1.56-4.41), compared to the referent group. The
IL6-dominant group had a decreased risk of ischemic stroke in the adjusted models (HR
0.38, 95%CI 0.18-0.82), compared to the referent group (Table 2). The set of HSCRP-
dominant and IL6-dominant variables improved model fit (LRT, p-value=0.0042) compared
to the model including only trichotomized hsCRP and IL6 variables in the same model.

Missing Data Sensitivity analyses

We performed a sensitivity analysis to account for the fact that our analytic sample included
50% of the full NOMAS cohort. Inverse probability weight (IPW) corrected estimates for
hsCRP dominant (adjusted HR=2.40, 95% Cl, 1.73-3.34) and IL6 dominant (adjusted
HR=0.38, 95% ClI, 0.19-0.77) categories with ischemic stroke risk are presented in Table 2.
These results were similar to those for the complete case analysis and possible selection
biases are therefore deemed negligible.

Interactions

The effects of inflammation status on the risk of 1S differed by insurance status (LRT with 2
df, p=0.04) and race-ethnicity (LRT with 4 df, p=0.01). Compared to the reference (co-
dominant group), the IL6-dominant group was inversely associated with the risk of ischemic
stroke among those with private insurance or Medicare (adjusted HR=0.13, 95%Cl, 0.03-
0.58), but not among those with no insurance or Medicaid (adjusted HR=0.88, 95%Cl, 0.34—
2.30). The association between hsCRP dominant status and ischemic stroke risk was not
modified by insurance status (Table 2).

The associations between hsCRP-dominant status and risk of ischemic stroke were modified
by race-ethnicity; compared to the reference, hsCRP-dominance was associated with risk of
IS among whites (adjusted HR=9.50, 95% ClI, 2.70-33.3) and Hispanics (adjusted HR=2.46,
95% ClI, 1.08-5.63), but not among blacks (adjusted HR=1.18, 95%Cl, 0.52-2.68). The
association of the IL6 dominant group on the risk of IS was not modified by race-ethnic
status. No further interactions were detected for the inflammation construct (Table 2).

HsCRP Dominance and IL6 Dominance and Secondary Outcomes

Overall, the association of the inflammation construct with total stroke risk (hemorrhagic
and ischemic) was similar to those with ischemic stroke. The hsCRP-dominant group had an
increased risk of total stroke in the fully adjusted model (adjusted HR 2.48, 95%CI 1.56—
3.95), compared to the referent group. The IL6-dominant group had a decreased risk of total
stroke in the adjusted models (HR 0.41, 95%CI 0.21-0.82), compared to the referent group
(Table 3). The inflammation categories were not associated with MI, vascular mortality, or
non-vascular mortality (Table 3).

DISCUSSION

In this prospective cohort study of community-dwelling individuals followed for 10 years,
we found that compared to the co-dominant group, (i) those identified to have hsCRP-
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dominant inflammation status at baseline had a 2.62 fold risk of ischemic stroke and (ii)
those individuals categorized as having IL6-dominant inflammation had a 0.62-fold risk of
ischemic stroke. The relationship between our inflammation construct and ischemic stroke
risk remained consistent after sensitivity analyses for missing observations. These findings
represent possible stroke risk stratification approaches and may identify individuals that can
benefit from more aggressive preventative measures.

We found IL6-dominance to be protective against stroke outcomes, as compared to the
referent no-dominant inflammation group. We hypothesize that individuals with 1L6-
dominance benefit from inflammation pathways with greater auto-regulatory and anti-
inflammatory associations of IL6. The role of IL6 in cardiovascular research is
predominantly that of a risk factor (4), and its feedback mechanisms as an anti-inflammatory
cytokine are not well established among cardiovascular researchers. Causal thinking in
cardiovascular research may benefit from incorporating the concepts of dynamic feedback
and change over time as they relate to biomarker risk prediction.(12)

Several notable CVD studies have assessed relationships between hsCRP and IL6. The
Cardiovascular Health Study (CHS) found associations between elevated >3mg/L hsCRP
(HR ) stroke events (HR=1.26, 95%Cl, 1.05-1.51), as well as vascular events and all-cause
mortality, in contexts of the detectable atherosclerosis.(13) Increasing levels of IL6 SD units
were also found to be associated with incident vascular events (adjusted RR=1.14, 95%ClI,
1.08-1.21) among the CHS cohort.(14) Recent findings from CHS have shown that doubling
of IL6, but not CRP concentration, over time may have an impact on healthy aging, but risk
stratification by relative levels was not explored.(15) Findings from the Atherosclerosis Risk
in Communities (ARIC) study confirm that high levels of hsCRP predict stroke risk
(adjusted HR=1.97, 95%ClI, 1.14-3.39)(16) and congruently, increasing log-1L6 levels are
associated with increased risk of coronary heart disease (adjusted HR=1.28, p-value=0.03).
(17) Relative levels of IL6 to CRP were not evaluated in ARIC. Findings from the Multi-
Ethnic Study of Atherosclerosis (MESA) cohort found that hsCRP measured using the
Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating
Rosuvastatin (JUPITER) Trial cut-offs (hsCRP =2 mg/L) was not associated with risk of
incident CVD events (adjusted HR=1-08, 95%Cl, 0-71-1-64) and IL6 was not been
evaluated in relation to stroke in this trial.(18)

Pure reductionist approaches to use of a single biomarker to characterize the “state” of
systemic inflammation may fail to accurately measure complex immunological processes
and resultantly may not find associations with clinical endpoints. Research developments
have sought to identify new biomarkers and novel analytic ways of combining information
from multiple biomarkers to better characterize vascular risk. Some cardiovascular studies
have incorporated as many as 30 biomarkers in cluster analyses to identify chronic
inflammation and subclinical cardiovascular risk.(19) However, combined information from
as few as two strategically selected biomarkers may also provide a novel characterization of
risk. Integrated data from hsCRP and interleukin-6 (IL6) serum concentrations, such as the
ratio of hsCRP to IL6, has been shown to vary among high-risk vascular patients receiving
statins.(5)
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Clinical evidence of IL6 anti-inflammatory associations are also derived from (i) cancer
patients administered recombinant IL6 and (ii) cytokine monitoring in healthy patients
engaging in strenuous physical activity. A study that examined serial measurements of
inflammatory biomarkers in cancer patients that received a continuous intravenous IL6
infusion (30 ug/kg/24-hour) for a 120-hour period, observed an initial and rapid peak
increase in interleukin-1 receptor antagonist (IL-1Ra) and a sustained gradual increase in
TNFsRp55.(20) IL-1Ra has been shown to have anti-inflammatory protective associations
when administered through exogenous infusion.(21) TNFsRp55 is believed to be a soluble
inhibitory factor of pro-inflammatory cytokine tumor necrosis factor alpha.(22) The
elevation of these anti-inflammatory cytokines in response to IL6 highlights the complexity
of normal homeostatic self-regulating immunologic responses. Interestingly, exogenously
administered IL6 in animal models has been shown to prevent ischemia and reperfusion
injury in experimentally induced intestinal transplantation, with markedly lower serum TNF-
alpha and IL1-B, as compared to animals that did not receive IL6 infusion.(23) This data is
suggestive that I1L6 anti-inflammatory pathways could potentially play a protective role in
ischemic events by reducing pro-inflammatory cytokine up-regulation.

Exercise has also been shown to endogenously induce high levels of serum IL6
concentrations. While the acute associations of exercise such as muscle fiber tears may be
pro-inflammatory, the longer-term associations of physical activity are generally regarded as
anti-inflammatory. (24) Cytokine monitoring of subjects engaging in strenuous physical
activity show that individuals experience marked elevations of serum IL6 that is temporally
followed by increases in serum anti-inflammatory compounds, such as IL-10 in healthy
individuals.(25) 1L-10 functions to inhibit cytokine and chemokine synthesis in macrophage
populations, and reduces responses to Toll-like receptor (TLR) activation from pathogen
stimulation.(26) These anti-inflammatory associations are believed to occur in response to
exercising muscle tissue secretion of IL6, and are believed to be partially responsible for
conferring cardiovascular protective associations of physical activity. (25, 27) In addition,
there is consensus in the immunology literature that the ability to return from an
inflammatory “effector phase” back to homoeostasis is predominantly regulated through
IL6-mediated pathways: locally, as can be the case in vascular lesions, through change of
leukocyte infiltrates from polymorphonuclear neutrophils (acute inflammation) to
macrophages (chronic inflammation); and globally, through broad systemic associations.
(28) (29) Taken together, this body of research may suggest a plausible mechanism whereby
IL6 may elicit protective vascular associations. Further evidence supporting the role of IL6
in chronic inflammation could be derived from serial measures of disease progression and
biomarkers, but repeated cytokine measures are not currently available in the NOMAS
population. Studies have noted mild to moderate invariance of categorical levels of IL6 and
hsCRP over time, possibly indicative of extended duration in inflammatory states identified
in this paper.(30)

CRP is a non-specific acute phase protein, meaning that levels may be elevated in response
to various immunologic factors such as infection, injury, or stress responses. It is well
known that serum IL6 induces CRP secretion in the liver(31) and mechanisms have been
elucidated that show CRP-gene expression to be regulated through IL6-independent
pathways, as well. Murine models (with transgenic human CRP protein) have shown CRP

Sroke. Author manuscript; available in PMC 2015 April 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Luna et al.

Page 8

transcription requires IL6 proteins for wounding and LPS stimuli, but CRP transcription is
readily stimulated by other cytokines such as interleukin-1, interleukin-11, leukemia
inhibitory factors, and oncostatin M and are IL6 independent. (32) Inflammation
characterized by elevated CRP but not elevated IL6 may reflect these alternative etiologies,
and may be consistent with vascular or chronic inflammation rather than stimulation induced
by transient or acute causes.

The trichotemized inflammatory construct is a novel approach to parse associations of
inversely related biomarkers, and although non-dynamic, attempt to capture chronic immune
system inflammatory states. The associations of ischemic stroke risk of those individuals
with inversely related hsCRP and IL6 levels are not explicitly tested using typical interaction
terms in generalized linear models, as the standard interaction term would capture the effect
of jointly elevated or decreased hsCRP and IL6 levels. Instead, probing the association
requires either a ratio (a form of an interaction term) or nominal categorization. A
continuous form of the ratio was not used as a predictor in order to avoid any possibilities of
spurious associations due to violations of the marginality principle, i.e., a problem that
occurs when modeling an interaction term without including the interacting sub-components
in the regression model.(33) The inflammation state variables were shown to be predictive
of vascular events even after adjustment for trichotomized CRP and IL6 variables,
demonstrating unique risk information above modeling CRP and IL6 independently. Based
on existing literature, we a priori hypothesized that individual membership in the upper-
triangular area corresponds with chronic inflammation, where individuals are unable to
return to normal cytokine levels (hsCRP-dominant) and the lower-triangular area
corresponds to reduced risk, with an increased ability to return to homeostasis (I1L6-
dominant). The diagonal cells (the referent group), corresponds to joint elevation (or
declination) of hsCRP and IL6 inflammation, likely a response to tissue injury or infection,
and greater capacity to return to homeostasis after inflammation, as compared to hsCRP-
dominant group.

We found that the effects of IL6 dominance on ischemic stroke were modified by insurance
status. Compared to co-dominance, the inverse associations of IL6 dominance with the risk
of IS were present only among those with Medicare or private insurance. Insurance status
may be a proxy for multiple factors that can influence stroke risk, including many elements
of socio-economic position, as well as health care utilization and quality of care. (34)
Protective associations of IL6 dominance in the private insurance and Medicare group may
be related to modifiable elements associated with medical care. Treatment with statins has
been shown in some studies to reduce relative CRP and IL6 levels to varying degrees in
patients with cardiovascular risk factors.(35) (36) (37) Obesity and central adiposity have
been linked to elevated inflammatory cytokine levels, with a strong dose response between
degree of abdominal adiposity and CRP, but not IL6.(38) (39) Interventional evidence
linking obesity reduction and low hsCRP relative to IL6, comes from among patients who
experienced weight-loss after bariatric surgery, where concentrations of CRP were reduced
but the levels of IL6 did not change after weight loss. (6, 40) Recurrent contact with primary
care providers may lead to better health behaviors and no insurance or Medicaid-only may
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lead to poor management of comorbid conditions, increasing risk for adverse vascular
outcomes. (41)

Compared to co-dominance, the hsCRP dominant status indicates increased risk of ischemic
stroke among white and Hispanics, but not among blacks. The inverse association of IL6
dominance was present only among blacks. The effect modification may be due to the
variable distributions of CRP and IL6 values across race-ethnic groups (blacks had the
highest upper quartile ranges for CRP and IL6), but use of race-specific quartiles to create
the inflammatory construct (as opposed to cohort specific quartiles) did not change the
significant overall associations or the presence of effect modification by race-ethnicity (data
not shown). The incidence of IS in the co-dominance group was higher in blacks as
compared to whites or Hispanics, suggesting heterogeneity by race-ethnic subgroup may be
driven by our referent category. This effect modification needs further investigation to
understand if variable ischemic stroke risk is due to data distributions by race, homogenous
effects in reference category after certain thresholds, or social factor mediators of race-
ethnic status that modify the association of inflammation and stroke risk.(42)

The main implication of this research is that we identify a novel characterization of systemic
inflammation and ischemic stroke risk from readily available biomarkers. The risk
prediction of this construct appears to be consistent over long-term periods. Attention to
hsCRP and IL6 dominant inflammation could potentially be used to ascertain anti-
inflammatory responses to intervention on modifiable risk factors as a means to ascertain
efficacy in reducing overall inflammation and cerebrovascular risk.

There are several potential limitations of this analysis. First, we are limited to CRP and IL6
values on only half of the NOMAS cohort. We attempted to address our missing data using
standard approaches and our results remained qualitatively similar and robust. Second,
serum levels of hsCRP and IL6 were measured at a single time point and this can limit our
ability to investigate the stability of hsCRP dominant or IL6-dominant inflammation status
over time. Establishing that hsCRP-dominance is consistent with chronic inflammation
would require repeated measures of inflammatory biomarkers to further establish construct
validity by correlating our proposed chronic inflammation category with invariance of group
status over time. Third, our data is observational and requires validation of this measure in
different populations to strengthen construct validity. Our next steps will to be to collaborate
with other cardiovascular research groups to evaluate the generalizability of the relative
hsCRP-to-1L6 construct to predict ischemic stroke risk, examine race-ethnic cut-offs, and
also further investigate the lack of association between this construct and MI or vascular
mortality. Finally, our records of hyperlipidemia medication at baseline do not provide
sufficient resolution to identify drug class or adjust for potential anti-inflammatory
associations of medication.

In this multi-ethnic cohort, the stroke risk associated with the inflammatory biomarkers
hsCRP and IL6 depended on the relationship to one another. When hsCRP quartile
dominated the IL6 quartile, risk was increased, and when IL6 dominated hsCRP, risk was
decreased. Combined panels of inflammatory biomarkers may predict ischemic events, even
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when individual measures do not. This construct may be useful in assessing chronic
inflammation, ischemic stroke risk prediction over time, and possibly the evaluation of
effective anti-inflammatory clinical interventions. Stroke risk prediction using this construct
is influenced by insurance status and possibly race-ethnic status. Further studies are needed
to evaluate this risk categorization in other populations and to further assess construct
validity by investigating the relationship between hsCRP-dominant inflammation and
mediators of ischemic stroke, such as carotid plaque thickness. Finally, we believe that
incorporating system science approaches — repeated measures over time, measuring multiple
pathways in complex biological system, and assessing possible feedback dynamics — may
improve a clinician’s ability to identify and treat individuals at high risk for future stroke
events.
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captures the distribution of the NOMAS analytic subsample with regards to relative IL6 and

CRP levels. This matrix representation identifies the various comparison groups in the
analysis. The three inflammation categories are: hs-CRP-dominant, where hs-CRP-

quartile>1L6-quartile (hs-CRP-quartile/IL6-quartile>1); IL6-dominant, where hs-CRP-
quartile<lL6-quartile (hs-CRP-quartile/IL6-quartile<l); and the reference group or co-
dominant group, where hs-CRP-quartile=IL6-quartile (hs-CRP-quartile/IL6-quartile=1). In
the figure, the reference group is located in the diagonal portion of the matrix; the hs-CRP-
dominant category is located in the upper-triangular portion of the matrix; and the IL6-
dominant category is located in the lower-rectangular region of the matrix. Hs-CRP median
(IQR) is 2.5 (1.1 - 5.8) and IL6 median (IQR) is 1.6 (0.8 — 2.9).
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