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Abstract

C-reactive protein (CRP) is an inflammatory biomarker of inflammation and may reflect
progression of vascular disease. Conflicting evidence suggests CRP may be a prognostic
biomarker of ischemic stroke outcome. Most studies that have examined the relationship between
CRP and ischemic stroke outcome have used mortality or subsequent vascular event as the
primary outcome measure. Given that nearly half of stroke patients experience moderate to severe
functional impairments, using a biomarker like CRP to predict functional recovery rather than
mortality may have clinical utility for guiding acute stroke treatments. The primary aim of this
study was to systematically and critically review the relationship between CRP and long-term
functional outcome in ischemic stroke patients to evaluate the current state of the literature.
PubMed and MEDLINE databases were searched for original studies which assessed the
relationship between acute CRP levels measured within 24 hours of symptom onset and long-term
functional outcome. The search yielded articles published between 1989 and 2012. Included
studies used neuroimaging to confirm ischemic stroke diagnosis, high-sensitivity CRP assay, and a
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functional outcome scale to assess prognosis beyond 30 days after stroke. Study quality was
assessed using the REMARK recommendations. Five studies met all inclusion criteria. Results
indicate a significant association between elevated baseline high sensitivity CRP and unfavorable
long-term functional outcome. Our results emphasize the need for additional research to
characterize the relationship between acute inflammatory markers and long-term functional
outcome using well-defined diagnostic criteria. Additional studies are warranted to prospectively
examine the relationship between high sensitivity CRP measures and long-term outcome.
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1. Introduction

Stroke is the fourth leading cause of death and leading cause of adult disability in the USA
(1). Long-term disability is a significant problem amongst survivors, but nonetheless much
of the literature has emphasized mortality rates as an outcome measure rather than functional
status and reduction of morbidity. Studies have shown that nearly 15-30% of stroke
survivors are permanently disabled, and 20% of stroke survivors require institutional care 3
months following stroke (2, 3). Given the large burden of disability following stroke, a need
exists to identify clinical biomarkers so that individualized post-ischemic stroke treatment
regimens can be developed and aimed at maximizing function and quality of life.

Few studies have investigated the relationship between acute biomarkers and functional
outcome following stroke. A potential prognostic biomarker of ischemic stroke (1S) is C-
reactive protein (CRP), which is currently used for evaluating pathological inflammation
and has been extensively studied in relationship to the progression of atherosclerosis (4).
Baseline inflammatory levels of CRP can predict patient outcomes in cardiovascular disease
(3, 5-7), including myocardial infarction (8, 9). These findings suggest that prolonged
inflammation may alter the acute phase inflammatory response (10, 11) and mediate
prognosis. Due to the similarities in vessel pathophysiology between myocardial infarction
and IS (8), it is likely that acute CRP levels following IS also have prognostic value.

IS patients with increased circulatory inflammatory mediators upon hospital admission have
greater post-1S mortality (12, 13). Other studies have shown that a time course of
inflammatory cytokines (i.e. interleukin-2, interleukin-10 and tumor necrosis factor-a) can
predict outcome (14) and that markers of adaptive immune function also influence stroke
outcome (15-17). Baseline innate immune activity may influence adaptive immune
mechanisms that guide recovery. Data suggests that the post-stroke immune response occurs
in a time-dependent fashion with the innate immune response occurring in the first 24 hours
following ischemic injury. Therefore, studies of CRP that have extended the time window
beyond 24 hours would not accurately represent baseline inflammatory status.

In 2005, the CRP Pooling Project Committee evaluated the literature to assess the clinical
utility of CRP as a prognostic biomarker of IS outcome. The Committee determined that not
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enough data existed to draw a conclusion and identified a need for further studies (18).
Following these recommendations, the aim of this systematic review was to examine the
relationship between acute CRP levels and long-term functional outcome. Included studies
must have contained an IS patient cohort that followed clinical standards of diagnosis (19)
and based enrollment on imaging findings (20). To better characterize long-term disability, a
functional scale was needed to evaluate prognosis beyond 30 days (21). Lastly, CRP levels
were assessed with a high sensitivity CRP (hs-CRP) assay within 24 hours. A hs-CRP assay
quantifies smaller incremental changes of inflammation, which may be more clinically
relevant for assessing the relationship between acute inflammation and predicting the degree
of long-term disability.

We believe that to truly assess the relationship between baseline inflammatory status and
long-term functional outcome in IS patients, all of these parameters are critical. Based upon
these inclusion criteria, only five of 597 studies have been included in this review.
Interestingly, all five of the included studies discuss a significant relationship between acute
hs-CRP levels and long-term functional outcome, suggesting that CRP has clinical utility as
a biomarker for predicting post-1S outcome. The fact that so few studies met our inclusion
criteria emphasizes the need for additional research to characterize the relationship between
acute inflammatory markers and long-term functional outcome using well-defined
diagnostic criteria.

2. Methods
2.1. Study identification

PubMed and MEDLINE databases were searched for original studies using the medical
subject heading search terms “C-reactive protein” and “stroke”. The terms “C-reactive
protein” and “ischemic stroke” were used to search the SCOPUS database and Cochrane
Library for relevant conference abstracts and systematic reviews, respectively. The search
yielded articles published between 1989 and June 2012. Articles published in languages
other than English, reviews, commentaries, editorials and case studies were excluded.
However, these types of papers were examined in addition to the reference lists of relevant
studies to identify other potential articles for inclusion.

2.2. Study inclusion

Articles presenting original data assessing the relationship between acute CRP levels
measured within 24 hours of symptom onset and long-term functional outcome (>30 days)
in patients experiencing acute IS were included. Studies were eligible for inclusion if: (1) the
study population presented to the hospital within 24 hours of stoke symptom onset and
infarct was confirmed on neuroimaging, (2) CRP levels were measured within 24 hours of
stroke symptom onset using a hs-CRP assay, and (3) studies included a measure of long-
term (>30 days) functional outcome, such as the Barthel Index (BI), modified Rankin Scale
(mRS), Glasgow outcome scale (GOS), or National Institutes of Health Stroke Scale
(NIHSS). Studies that included mortality and/or a subsequent cerebrovascular event as the
measure of prognosis without an assessment of functional outcome were excluded. Studies
were limited to those that confirmed stroke infarct with either a follow-up CT scan or MRI,
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as outlined in the Acute Ischemic Cerebrovascular Syndrome criteria (19) to ensure IS
patient cohorts were not biased with transient ischemic attack (T1A), stroke mimics (such as
hypoglycemia, complicated migraine) or hemorrhagic stroke patients. Studies that grouped
TIA and/or hemorrhagic stroke with IS patients for analyses involving CRP measurements
or long-term functional outcome were excluded. Because infection prior to IS is related to a
worse stroke outcome and CRP elevates in response to infection, studies included in this
review had to possess an internal method for excluding patients with prior infection. Study
methods used to identify patients with infection include chest radiograph, routine urine
analysis, complete physical exam findings diagnostic of infection, or initially high CRP
levels that were deemed outliers. Articles that used a patient population from clinical trials
were excluded because investigational therapies introduce a confounding variable.

2.3. Data extraction

3. Results

Abstracts and titles of articles identified in the electronic database search were reviewed by
two authors (E.H. and R.V.) and were selected for possible inclusion. If the abstract was
deemed relevant, the corresponding full-text articles were retrieved and independently
reviewed by four authors (R.V., D.D., K.S. and K.W.). Data were extracted from each
eligible full-text article and authors (R.V., D.D., K.W., K.S., T.B. and J.H.) independently
determined whether studies were to be included or excluded and recorded the reason for
exclusion. The following information was abstracted from each article: citation, sample size,
study setting, study design, definition of stroke, type and timing of any imaging performed,
exclusion criteria, control population, measurement and timing of prognostic assessment,
CRP measurement and timing of measurement, data analysis techniques, and study findings.
Discussion among authors was undertaken to resolve any disagreements. Quality of the
included studies was assessed using the study design and assay guidelines of the REMARK
recommendations for prognostic tumor markers (22), which have been previously used to
evaluate prognostic biomarker studies of IS (20, 23) and cancer (24, 25).

The search strategy revealed 586 articles plus 11 additional studies that were identified from
reference lists. The abstracts of each record were screened, and 79 were eligible for full-text
review (Fig. 1). Of these, five met the criteria for inclusion in the review. Studies were from
Germany (n = 2), India (n = 1), Spain (n = 1), and South Korea (n = 1).

3.1. Quality assessment

Study sample size ranged from 50 patients (26) to 581 patients (21). None of the studies
provided a justification for sample size (Table 1). All five studies were prospective,
precisely defined all clinical outcomes at the beginning of the study, and adequately
described and referenced hs-CRP measurements. Two of the five studies used multivariate
analysis to determine whether CRP was independently predictive of long-term functional
outcome while controlling for confounding variables (21, 27). Remaining studies used
correlation to assess the relationship between CRP and long-term functional outcome. Four
studies mentioned blinding between CRP levels and patient outcome, but blinding was not
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evident in one study (27). Three studies provided start and end dates of patient enroliment
(Table 1).

3.2. Association between CRP and long-term functional outcome

Acutely elevated CRP showed positive, significant associations with long-term (>30 days)
unfavorable outcome in all five studies (Table 2). One study reported a significant positive
correlation between CRP and stroke severity at 90 days using the NIHSS but did not report
the correlation coefficient (26); therefore, no information on the strength of association can
be inferred. Another study found a significant, positive correlation between elevated
baseline hs-CRP levels and high mRS scores at a 3 month follow-up (28). Since the mRS
was combined into a categorical variable and scores for severe disability and death were not
separated for analyses, it is difficult to determine if this finding represents the relationship
between CRP and functional outcome or between CRP and mortality. One study observed
that CRP levels were significantly and positively correlated with mRS scores at 1, 3, 6, and
12 month follow-up, with progressively stronger associations observed with increasing time
(29). A noteworthy finding is that CRP measurements at 7 days after admission had stronger
statistical correlation with mRS scores at 12 months than CRP levels measured within 24
hours of admission (29). Using multiple logistic regression, Rajeshwar et al. demonstrated
that higher hs-CRP levels were significantly associated with poor outcome in their sample of
581 patients after controlling for several confounding variables (21). Similarly, the study by
Winbeck et al. used logistic regression analysis to predict long-term functional outcome and
found that CRP levels taken 12 to 24 hours within stroke symptom onset were independently
predictive of unfavorable functional outcome at 1 year follow-up (27). CRP levels measured
24 to 48 hours after symptom onset were even stronger predictors, but the time frame did not
meet inclusion criteria because it is outside the time window for assessing acute
inflammatory status.

4. Discussion

Of the 455 studies reviewed, only five studies met the inclusion criteria for this systematic
review. Results of the included studies suggest a significant association between elevated
CRP within 24 hours of IS onset and unfavorable long-term functional outcome. This article
discusses the clinical utility of hs-CRP measures as a prognostic biomarker for IS and
identifies gaps in published studies such as inclusion criteria that neglect imaging findings
for defining 1S and a lack of studies that assess long-term functional outcome.

4.1. Importance of neuroimaging for IS biomarker studies

Results of the included studies suggest a significant association between elevated CRP
within 24 hours of IS onset and unfavorable long-term outcome. Many studies that were
reviewed were excluded due to a lack of neuroimaging using CT scan or MRI for
confirmation of IS. Clinical evaluation of stroke symptoms may not always be reliable for
differentiating diagnosis of IS from TIA or mimic. Neuroimaging confirms both perfusion
deficits and/or the presence of ischemic infarct and differentiates stroke-like from
pathologies with similar symptomatic presentation, such as TIA/ hemorrhagic stroke or
stroke mimic (30). While clinical evidence supports that imaging with CT-perfusion or MRI
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is essential for identifying patients for acute IS research studies (30), much of the IS
literature studying CRP lacks imaging criteria to identify IS patients. Studies neglecting
positive imaging findings for patient enrollment may have resulted in including TIA patients
in an IS cohort. In this review, two studies were found that grouped TIA and IS together and
subsequently did not find a significant correlation between acute CRP levels and outcome
(31, 32). This disparity may reflect an altered inflammatory response between a resolved
ischemic event and an ischemic event that results in brain tissue damage. Other studies
examining acute blood levels of inflammatory mediators including CRP have shown
different protein levels between intracerebral hemorrhage and IS (33, 34). These findings
emphasize the importance of using neuroimaging findings in biomarker studies to define IS
patient cohorts. Combining other neuropathologies in an IS patient study population makes
it difficult to decipher the diagnostic or prognostic potential of a biomarker. Future IS
biomarker studies in patient cohorts should adhere to including only patients with imaging
findings of ischemia or infarct.

4.2. CRP measurements

A majority of the studies reviewed used hs-CRP assays, which more accurately measure
subtle changes in CRP as compared to conventional CRP assays. Hs-CRP assays typically
have detection limits around 0.1 mg/L (18), providing the ability to analyze smaller changes
in CRP that may be clinically relevant, unlike conventional CRP assays with detection limits
of around 3-6 mg/L (18). This may reflect why Winbeck and colleagues noted a correlation
between hs-CRP and outcome levels between 12—-24 hours, but not with conventional CRP
levels between 0-12 hours of IS onset (27). Even though all studies showed a significant
correlation between acute hs-CRP and long-term prognosis, no specific measurement of hs-
CRP predicted prognosis between the studies included in this review. Arbitrary standards
grouping hs-CRP levels potentially introduce bias when being compared to outcome (26). A
more thorough body of literature is needed to standardize the correlation between precise hs-
CRP blood levels with specific outcome measures before usage ensues in routine clinical
practice. Interestingly, two of the studies show stronger associations of poor outcome with
hs-CRP measurements at 24-48 hours and 7 days (27, 29). These data may reflect that
prolonged inflammation after IS impairs the recovery process. Further investigation of
inflammatory processes following stroke may provide insight to molecular mechanisms that
influence stroke outcome.

4.3. Limitations with outcome assessment and future directions

Given the large burden of post-stroke disability, the focus of this review was on studies
measuring long-term functional outcome at >30 days. Imaging studies have identified that
the progression of infarct evolution halts at around 30 days (35), which would reflect the
overall disability resulting from IS. Recent evidence suggests that blood biomarkers may be
as effective in predicting functional outcome as imaging biomarkers; however future studies
should address the efficacy of blood biomarkers in predicting recovery while controlling for
imaging findings. Long-term functional outcome scales such as the Bl and mRS are
commonly used to measure degree of physical dependence (36) and possess high inter-rater
reliability when compared to other scales (37). Other scales such as the Scandavian Stroke
Scale and the modified NIHSS show similar accuracy for assessing functional outcome (38).
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However, none of the included studies used these assessments. One included study used the
NIHSS as the primary assessment for long-term outcome. While studies suggest that the
NIHSS can be used within 7 days as a predictor of long-term outcome (39), few use the
NIHSS as the primary measure of functional outcome. However, a greater limitation in
current outcome measures is that measures may be more sensitive for assessing outcome at
later time points.

Currently, there is no standard definition of “good” versus “unfavorable” outcome using the
mRS or Bl. Biased interpretation is a concern when subjective standards defining outcome
are set by the investigator. Scales like the mRS, which includes a measure of mortality,
restrict the ability to assess functional disability from death when both are analyzed as an
“unfavorable” outcome. In the study by Montaner and colleagues, it is difficult to determine
whether the reported significant correlation between long-term functional outcome and hs-
CRP levels would remain if mortality and severe disability were separated in the analysis.
Future analyses separating patient groups between disabled and deceased would discern
between end points of mortality and severe disability. Moreover, the addition of a more
detailed functional scale like the BI, in conjunction with the mRS, would better define the
subtleties associated with “mild” and “moderate.” Broader outcome measures that assess the
burden of altered psychological states may further elucidate the subtleties of functional
deficits. Post-stroke anxiety, depression or altered sleep habits are psychological outcomes
that may impact function. An assessment such as the Neuro Quality of Life Scale may help
clinicians to better treat IS victims.

However, the larger limitation with the mRS and Bl is that post-stroke disability exceeds
changes in physical dependence. Altered mental status and co-morbid depression are known
to alter quality of life, but are not measured with these scales. Altered mental status and co-
morbid depression are significant clinical issues following IS and some studies report
correlations between altered mental status after stroke and elevated CRP (40). While a body
of literature exists linking increased peripheral vascular disease with clinical depression,
there is not a substantial number of studies to evaluate the clinical utility of CRP and altered
mental status after stroke. A more comprehensive assessment of outcome using scales that
account for both physical and mental well-being may better characterize the overall
disability following stroke and may give a better way to interpret acute hs-CRP levels in
terms of long-term outcome.

4.4. Clinical utility of CRP as an inflammatory biomarker of IS

Biomarkers can assist with patient care by helping to confirm diagnosis, predicting
prognosis, or monitoring response to a therapeutic intervention for both IS treatment and
prevention. Currently, neuroimaging modalities such as non-contrast CT scan and diffusion
weighted magnetic resonance imaging are the standard clinical tools for IS diagnosis (41)
and tissue plasminogen activator (tPA) has been the only Food and Drug Administration
approved therapy for IS in the USA for the past 15 years. Lengthy scan times can contribute
to the challenge of administering tPA within the approved narrow therapeutic window. A
blood biomarker or biomarker panel that provides a definitive 1S diagnosis may help to
increase utilization of tPA as well as triaging secondary prevention and thus lead to better
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post-stroke outcomes. In a recent systematic review published by Hasan et. al. CRP was
identified as one of three biomarkers that can differentiate between IS and healthy controls
(20) and other studies that we reviewed show that acute CRP levels can differentiate
between hemorrhagic and IS stroke (33, 34). Due to the complex pathophysiology of stroke,
itis likely that a panel of blood biomarkers will be necessary for diagnoses (42, 43), and
CRP could be included in this panel.

While most IS biomarker studies emphasize diagnosis, few focus on prognostic prediction
beyond mortality. Assessing CRP as a biomarker of non-fatal IS prognosis establishes a
foundation for using baseline inflammatory status as a predictor of stroke functional
outcome. In addition, assessing acute and long-term inflammatory status has the potential to
guide current stroke therapeutic interventions by reducing secondary vascular complications
and decreasing overall IS risk. Two studies in this review show stronger outcome
correlations with CRP beyond 24 hours, indicating a potential need for more intense anti-
inflammatory therapies post-IS. Angiotensin converting enzyme (ACE) inhibitor
administration within 24 hours of stroke onset is associated with decreased CRP levels and
reduced 2 year cardiovascular risk (44). Additionally, healthy patients with elevated CRP
levels saw a 51% reduction in IS occurrence when given rosuvastatin (45). This relationship
between pharmacological intervention and lowered CRP levels may be attributed to an
overall reduction in inflammation. ACE inhibitors may exude an anti-inflammatory effect
through reducing angiotension-2 signaling and statins are well documented to have
pleotrophic anti-inflammatory properties (46). A better understanding of the prognostic
value of baseline CRP levels in IS patients could guide currently available treatments and
aid in the discovery of novel therapeutic interventions for decreasing IS risk and tailoring
secondary prevention while improving IS prognosis.

5. Limitations

The primary limitation of this systematic review is that strict inclusion criteria resulted in
only five studies being included, which used different stroke populations that varied by age,
sex and stroke severity. However, establishing very clear inclusion criteria enabled us to
perform accurate comparisons of study results so that we could draw logical inferences from
these five studies. A majority of excluded studies lacked either imaging criteria for defining
IS patient cohorts or a scale to measure functional outcome. Since these two parameters are
essential for evaluating long-term disability from IS, neither could be modified. Throughout
the literature, the time point in which hs-CRP is measured widely varies. Hs-CRP
measurements within 24 hours or less of symptom onset coincide with the innate
inflammatory response and examining CRP outside of this time window would introduce
variability for characterizing the acute inflammatory response post-IS.

6. Conclusion

The CRP Pooling Committee has previously supported the potential role of CRP as a
prognostic marker for IS, but emphasized the need for further evidence before
recommending measuring CRP in routine clinical practice (18). Even though the five studies
meeting our inclusion criteria showed a positive relationship between elevated CRP and
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poor outcome, there are still significant gaps in the literature. The CRP Pooling Committee
recommended that CRP be examined at different time points to more accurately assess the
relationship between CRP and IS outcome and evaluating CRP in a time-series fashion
would give insight to the molecular mechanisms that influence functional post-stroke
recovery. However, before a recommendation could be made for clinical practice guidelines,
studies that use neuroimaging for IS diagnosis need to be conducted with hs-CRP being
measured over multiple time points. This would need to be established to better understand
the optimum time frame on which to make clinical decisions regarding prognosis and post-
stroke care. Interestingly, two of the studies included in this review reported a stronger
association between CRP and outcome when CRP levels were measured beyond 24 hours
(27, 29).

Current literature suggests that inflammatory status as indicated by hs-CRP levels, in
conjunction with other biomarkers, has clinical utility for stratifying IS risk, diagnosing IS,
predicting prognosis and monitoring response to therapeutics. Although further study is
required, these findings emphasize the need for characterizing the link between imaging
diagnosis of IS, inflammation and non-fatal stroke outcome.
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database searching through reference lists
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597 abstracts screened

]

A

376 abstracts excluded
Not English (n=9)
Animal studies (n = 2)
Editorials/Reviews (n =26)
Not relevant and no hs-CRP

measurement (n = 288)

85 full-text articles
assessed for eligibility

l

5 studies included in
qualitative synthesis

Adapted from Liberati and Altman et al.¥?

Fig. 1.

80 full-text articles
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CRP measured after 24
hours of stroke onset (n =
41)
Interventions (n = 5)

No measure of prognosis
(n=5)
TIA included (n =9)

No functional outcome
assessment (n = 8)

Functional outcome
before 30 days only (n=
11)

Duplicate patient
population (n = 1)
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