
Low Glomerular Filtration Rate, Recurrent Stroke Risk and Effect
of Renin Angiotensin System Modulation

Bruce Ovbiagele, MD, MSc, MAS1, Philip M Bath, MD, FRCP2, Daniel Cotton, MS3, Nanshi
Sha, Ph.D.3, Hans-Christoph Diener, MD, PhD4, and For the PROFESS Investigators
1Department of Neurosciences, Medical University of South Carolina, Charleston, SC

2Stroke Trials Unit, University of Nottingham, UK

3Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT

4Department of Neurology, University of Duisburg-Essen, Germany

Abstract

Background and Purpose—To investigate the association of low glomerular filtration rate

{eGFR} < 60 mL/min with recurrent stroke risk, and evaluate whether add-on renin-angiotensin

system (RAS) modulator therapy is associated with lower recurrent stroke risk in patients with low

eGFR.
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Methods—We analyzed the database of a multicenter trial involving 18,666 patients with recent

ischemic stroke followed for 2.5 years. Primary outcome was time to first recurrent stroke.

Independent associations of low eGFR with outcome in the entire cohort; and add-on telmisartan

treatment with outcome among those with low eGFR were evaluated.

Results—Low eGFR was observed in 3630 (20.1 %) patients. Low eGFR patients were older,

more likely female, with a known history of hypertension. In unadjusted analyses, low eGFR

patients were more likely to experience a recurrent stroke (HR 1.34, 95% CI: 1.20 – 1.49). After

adjusting for confounders, low eGFR was still associated with recurrent stroke, but to a lesser

extent (HR 1.16, 95% CI: 1.04 – 1.31). Telmisartan treatment among low eGFR patients was not

independently associated with recurrent stroke (HR 1.08, 95% CI: 0.89 – 1.31).

Conclusions—Low eGFR is independently associated with a higher risk of recurrent stroke, but

short-term add-on telmisartan therapy does not seem to mitigate this risk.

Clinical Trial Registration-URL—http://www.clinicaltrials.gov. Unique identifier:

NCT00153062
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Background

The relationship of low eGFR with recurrent stroke risk after a recent ischemic stroke has

rarely been investigated.1 Furthermore, renin angiotensin system (RAS) modulators that

limit CKD progression,2 and reduce vascular risk in cardiac disease patients, independent of

their blood pressure lowering,3 have not been assessed for potential benefit in recent stroke

patients with CKD. In this study we evaluated the association of low estimated glomerular

filtration rate (eGFR) with recurrent stroke risk, and assessed whether add-on RAS

modulator therapy is related to lower recurrent stroke risk among stroke patients with low

eGFR.

Methods

We reviewed data from the Prevention Regimen for Effectively Avoiding Second Strokes

Trial (PRoFESS). The methods and main results of this trial have previously been reported.4

Briefly, from September 2003 to July 2006, PRoFESS enrolled 20, 332 patients from 695

centers in 35 countries who recently had an ischemic stroke. Patients with cardioembolic

strokes requiring anticoagulation, known severe renal insufficiency defined as renal artery

stenosis or serum creatinine > 265 micromol/L (>3.0 mg/dL) were excluded.4 Average

patient follow-up was 2.5 years. The primary outcome was first recurrence of stroke of any

type. The trial was approved by the ethics committee or institutional review board at each

national or local site, and all participants provided written informed consent.4

Since no difference in efficacy was discerned between any of the treatment arms in

PRoFESS, all patients were included in this analysis.4 Estimated glomerular filtration rate
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per the Modification of Diet in Renal Disease Study Group equation was calculated for each

eligible patient.5 CKD was defined as eGFR < 60 mL/min per 1.73m2. Patients with

implausibly low serum creatinine levels (<18 micromol/L {<0.2 mg/dL}) were excluded

(n=1629). CKD was categorized by stage using a slightly modified version of the National

Kidney Foundation (NKF) guidelines.6 Stepwise Cox proportional hazard models were used

to estimate the risk of the primary outcome, which was time to first recurrent stroke. We

forced these baseline covariates into the stepwise model: age, sex, history of prior stroke,

known diabetes, previous myocardial infarction, average trial blood pressure, known

hypertension, and selecting other covariates with a p-value ≤ 0.10. Tests for two-way

interactions involving telmisartan treatment were performed for pre-specified baseline

features including age, history of diabetes, and small vessel stroke subtype.

Results

Of the 20332 subjects enrolled in PRoFESS, eGFR was determined in 18,666 (91.8%)

patients with serum creatinine within the range of 18 to 265 micromol/L (0.2 to 3.0 mg/dL).

Overall, mean age was 66.0+/−8.5 years, 6612 (35.9%) were women and 3630 (20.1%) had

CKD. Among those with baseline CKD, mean age was 69.2 ± 8.6 years and 1944 (50.0 %)

were women. Baseline characteristics are shown in Supplementary Table I. Patients with

CKD were more likely to be older, female, with a baseline history of hypertension, coronary

artery disease, symptomatic cerebrovascular disease, and antihypertensive drug use; and less

likely to be smokers.

Absolute risks of recurrent vascular events by baseline eGFR were consistently worse

among PRoFESS patients with low eGFR (Supplementary Table II), and CKD severity by

modified NKF staging showed an association of eGFR with vascular events in a dose

dependent manner (Supplementary Table III). In unadjusted analyses, low eGFR patients

were more likely to experience a recurrent stroke (HR 1.34, 95% CI: 1.20 – 1.49). After

adjusting for confounders, low eGFR was still associated with recurrent stroke, but to a

lesser extent (HR 1.16, 95% CI: 1.04 – 1.31). Telmisartan treatment among low eGFR

patients was not independently associated with recurrent stroke (HR 1.08, 95% CI: 0.89 –

1.31).

For the outcome of recurrent stroke, there were no significant two-way interactions

involving telmisartan treatment between eGFR category vs. pre-specified variables of age,

small vessel disease stroke type, and diabetes.

Discussion

We observed that among patients with a recent ischemic stroke, recurrent stroke risk was

significantly higher for those patients with eGFR below 60 mL/min than for those patients

with higher eGFR values, even after adjusting for potential major confounders. These results

suggest that there may be clinical relevance in the utilization of eGFR in recurrent stroke

risk prognostication among recent ischemic stroke patients. On the other hand, unlike results

of analyses of cardiac disease patients,3 we did not find that add-on treatment with a renin-

angiotensin modulator was independently related to better clinical outcomes.
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The strength of the association between CKD and recurrent stroke risk appears to be less

than that reported with primary stroke.7 This difference may be due to insufficient follow-up

period in the current study or implementation of vascular risk reduction therapies after a

primary stroke likely mitigates some of the avenues through which CKD may promote

deleterious vascular effects. Multiple explanations have been proposed for the link between

CKD and vascular demise including an enhancement of less conventional vascular risk

factors, and activation of the renin-angiotensin system by the initial renal endothelial

damage with resultant upregulation of inflammatory mediators (cytokines, chemokines,

adhesion molecules) and superoxide scavenging of nitric oxide.8 Meanwhile, the null effect

of add-on RAS modulation in the ischemic stroke patients with CKD in this study might be

due to the heterogeneous nature of ischemic stroke, the dose of the agent used, differences

among individual RAS modulators. Only a dedicated randomized clinical trial using a RAS

modulator in stroke patients with CKD can clarify this issue properly.

Our study is limited because it is a post-hoc analysis of a completed randomized trial, these

results may not apply to patients whose index stroke is due to a presumed cardioembolic

mechanism, and the follow-up time may have been too brief to see any potentially protective

benefits of the RAS modulator. The study was strengthened by the rigorous procedures of

the PRoFESS trial design, inclusion of subjects enrolled from around the world and large

sample size.8

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Sources of Funding: The sponsor (Boehringer-Ingelheim) provided grant monies and materials to execute the
PRoFESS trial. Bruce Ovbiagele was supported by U01 NS079179 from the National Institute of Neurological
Disorders and Stroke/NIH. Philip Bath is The Stroke Association Professor of Stroke Medicine.

References

1. Perkovic V, Ninomiya T, Arima H, Gallagher M, Jardine M, Cass A, et al. Chronic kidney disease,
cardiovascular events, and the effects of perindopril-based blood pressure lowering: Data from the
progress study. J Am Soc Nephrol. 2007; 18:2766–2772. [PubMed: 17804673]

2. Kunz R, Friedrich C, Wolbers M, Mann JF. Meta-analysis: Effect of monotherapy and combination
therapy with inhibitors of the renin angiotensin system on proteinuria in renal disease. Ann Intern
Med. 2008; 148:30–48. [PubMed: 17984482]

3. Tokmakova MP, Skali H, Kenchaiah S, Braunwald E, Rouleau JL, Packer M, et al. Chronic kidney
disease, cardiovascular risk, and response to angiotensin-converting enzyme inhibition after
myocardial infarction: The survival and ventricular enlargement (save) study. Circulation. 2004;
110:3667–3673. [PubMed: 15569840]

4. Yusuf S, Diener HC, Sacco RL, Cotton D, Ounpuu S, Lawton WA, et al. Telmisartan to prevent
recurrent stroke and cardiovascular events. The New England journal of medicine. 2008; 359:1225–
1237. [PubMed: 18753639]

5. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate
glomerular filtration rate from serum creatinine: A new prediction equation. Modification of diet in
renal disease study group. Ann Intern Med. 1999; 130:461–470. [PubMed: 10075613]

Ovbiagele et al. Page 4

Stroke. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



6. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al. National kidney foundation
practice guidelines for chronic kidney disease: Evaluation, classification, and stratification. Ann
Intern Med. 2003; 139:137–147. [PubMed: 12859163]

7. Lee M, Saver JL, Chang KH, Liao HW, Chang SC, Ovbiagele B. Low glomerular filtration rate and
risk of stroke: Meta-analysis. BMJ. 341:c4249.

8. Himmelfarb J, Stenvinkel P, Ikizler TA, Hakim RM. The elephant in uremia: Oxidant stress as a
unifying concept of cardiovascular disease in uremia. Kidney international. 2002; 62:1524–1538.
[PubMed: 12371953]

Ovbiagele et al. Page 5

Stroke. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


