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Abstract

Background and Purpose—Kidney disease is a frequent comorbidity in patients presenting 

with acute ischemic stroke. We evaluated whether the estimated glomerular filtration rate (eGFR) 

on admission is associated with post-stroke in-hospital mortality or discharge disposition.

Methods—In this cohort study, data from ischemic stroke patients in GWTG Stroke linked to fee 

for service Medicare data were analyzed. The Modification of Diet in Renal Disease (MDRD) 

study equation was used to calculate the eGFR (mL/min/1.73 m2). Dialysis was identified by 

ICD-9 codes. Adjusted multivariable Cox proportional hazards models were used to determine the 

independent associations of eGFR with discharge disposition and in-hospital mortality. Adjusted 

individual models also examined whether the association of clinical and demographic factors with 

outcomes varied by eGFR level.

Results—Of 232, 236 patients, 47.3% had an eGFR≥60, 26.6% an eGFR 45–59, 16.8% an eGFR 

30–44, 5.6% an eGFR 15–29, 0.7% an eGFR<15 without dialysis, and 2.8% were receiving 

dialysis. Of the total cohort, 11.8% died during the hospitalization or were discharged to hospice 

and 38.6% were discharged home. After adjusting for other relevant variables, renal dysfunction 
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was independently associated with an increased risk of in-hospital mortality which was highest 

among those with eGFR <15 without dialysis (OR 2.52, 95%CI 2.07–3.07). An eGFR 15–29 (OR 

0.82, 95% CI 0.78–0.87), eGFR<15 (OR 0.72, 95%CI 0.61–0.86) and dialysis (OR 0.86, 95% CI 

0.79–0.94) remained associated with lower odds of being discharged home. In addition, the 

associations of several clinical and demographic factors with outcomes varied by eGFR level.

Conclusions—eGFR on admission is an important predictor of post-stroke short-term outcomes.

Keywords

Stroke; Kidney disease; Outcomes

Introduction

Renal disease is prevalent among stroke patients and is associated with worse stroke 

outcomes.1,2,3 Elevated eGFR on admission for stroke may reflect acute kidney injury or 

chronic kidney disease (CKD), which may in turn worsen the outcome following acute 

stroke. Data regarding the association of eGFR on admission with post-stroke outcomes is 

inconsistent. For example, in one study, an eGFR of 15–44 during hospitalization for acute 

stroke was associated with increased 1-year mortality.4 Several other studies, however, find 

that proteinuria rather than eGFR was associated with in-hospital mortality.3, 5 These studies 

were limited by the way eGFR was categorized and patients on dialysis were not analyzed 

separately. Furthermore, it is uncertain if the effect of patient or hospital-level characteristics 

on post-stroke outcomes varies by the level of kidney dysfunction.

Understanding the impact of admission eGFR on short-term outcomes as well as its 

interaction with clinical and demographic factors is important as it may inform targeted 

interventions for high risk patients. Addressing this gap is also important to properly adjust 

for case mix in outcome studies and payment models.

The objectives of this study were to: (1) Examine the independent associations of the 

different levels of renal dysfunction, including being on dialysis, with discharge disposition 

and in-hospital mortality in a large Get With The Guidelines (GWTG)-Stroke cohort of 

patients who were eligible for fee-for-service Medicare at the time of the index acute 

ischemic stroke admission, (2) Assess the relationships of patient and hospital characteristics 

with short-term outcomes (discharge home, inpatient mortality) stratified by eGFR levels.

Methods

Patient population

We used data on patients admitted with ischemic stroke between 2009–2012 from fully 

participating sites from the GWTG-Stroke program database that was linked to CMS claims 

data. Details of the GWTG-Stroke program have been previously published.1, 6 GWTG is a 

voluntary, national, quality-improvement initiative sponsored by the American Heart 

Association and American Stroke Association designed to improve adherence to the 

guideline-based care of patients hospitalized with stroke and TIA. GWTG-Stroke 

participating hospitals record data from all stroke and TIA admissions. Case ascertainment is 
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based on clinical identification during the hospitalization, retrospective surveillance of 

International Classification of Diseases, ninth Revision codes, or both. Trained personnel 

extract data on demographics, medical history, in-hospital treatment, and discharge 

characteristics.6 Quintiles Real-World & Late Phase Research (Cambridge, MA) serves as 

the data collection and coordination center for GWTG. The Duke Clinical Research Institute 

(Durham, NC) serves as the data analysis center.1, 6 Institutional review board approval was 

obtained for this study.

A total of 341,602 patients from 1,679 GWTG -Stroke fully participating sites who were 

admitted between 2009 and October 2014 and who had records linked to CMS claims data 

were identified. From this cohort, 603 were missing race information, 59,378 patients had 

missing serum creatinine (Cr), 1,471 had Cr < 0.5 mg/dL, and 856 had Cr> 15 mg/dL (these 

values were considered less likely to be physiologic), 13,650 were not eligible for fee-for-

service Medicare at time of index stroke hospitalization admission and discharge, 27,935 

were transfer inpatients or patients who received IV-tPA at an outside hospital, 5,473 had 

discharge status missing, left against medical advice, not documented or unable to 

determine, or were transferred to another acute care facility. The remaining 232,236 patients 

with ischemic stroke aged 65 years and older who were admitted from 1,581 sites were 

included in the analysis.

Variables

Renal dysfunction definitions

eGFR was estimated based on the MDRD equation [eGFR = 175 × serum creatinine-1.154 × 

Age-0.203 × [1.210 if race=black] × [0.742 if sex=female] using creatinine on admission.7 

The eGFR groups were mutually exclusive. Dialysis patients were identified based on ICD-9 

codes and the remaining groups were defined based on calculated eGFRs.

The eGFR levels were selected based on CKD classification by the National Kidney 

Foundation-Kidney Disease Outcomes Quality Initiative: eGFR 45 to 59 mL/min per 1.73 

m2 (CKD stage 3a); eGFR 30 to 44 mL/min per 1.73 m2 (CKD stage 3b); eGFR 15 to 29 

mL/min per 1.73 m2 (CKD stage 4); eGFR <15 mL/min per 1.73 m2 without dialysis (CKD 

stage 5 without dialysis) and; treatment by dialysis. In this study, eGFR ≥ 60 mL/min per 

1.73 m2 was categorized as no kidney dysfunction. Because the definition of CKD requires 

longitudinal eGFR data for at least 3 months, and because follow-up eGFR was not 

available, the data was analyzed by eGFR level rather than CKD stage.

To further study the association of renal dialysis with outcomes, patients receiving dialysis 

were analyzed separately from those not receiving dialysis who had an eGFR <15 mL/min/

1.73 m2. Because dialysis status was not available in GWTG data, the GWTG database was 

linked with CMS data with dialysis patients identified by ICD-9 diagnosis codes V45.11 

(renal dialysis status), 585.6 (End stage renal diseases), V56.X (Encounter for dialysis and 

dialysis catheter care).
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Outcomes

In-hospital mortality included any death prior to discharge or being discharged to hospice. 

Discharge disposition was dichotomized into discharge home vs. other.

Covariates

The covariates for the adjusted analysis of the association of admission eGFR with inpatient 

mortality/hospice and discharge disposition included the standard GWTG stroke adjustment 

variable list: 1) demographics: age, sex, race; 2) medical history: atrial fibrillation/flutter, 

previous stroke/TIA, CAD/prior MI, carotid stenosis, diabetes mellitus, peripheral vascular 

disease, hypertension, dyslipidemia, smoking; 3) other patient characteristics: arrival on vs. 

off hours, initial NIHSS score, 4) hospital characteristics such as region, hospital type 

(teaching/non-teaching), number of beds, annual ischemic stroke volume, annual IV- tPA 

volume, rural location and JC primary stroke center status.

The variables that were included in the interaction analysis with admission eGFR were 

selected a priori based on their possible association with stroke outcomes and included, in 

addition to the above variables, initial systolic blood pressure, glucose level, LDL 

cholesterol, and independent ambulatory status at admission. For each variable of interest, 

individual models for each eGFR stage were created with the standard GWTG Stroke 

adjustment variable list.

Statistical analysis

Patient and hospital characteristics were summarized and compared by eGFR groups and 

dialysis status using proportions for categorical variables and medians with 25th and 75th 

percentiles for continuous variables. Differences were compared using Pearson chi-square 

tests, Fisher’s Exact Test or Kruskal-Wallis tests as appropriate.

The relationship between eGFR groups and patient outcomes were quantified using 

multivariable logistic regression with generalized estimating equations (GEEs). GEE 

methods were used to account for potential correlation and clustering of patients within 

hospitals. Results are reported as odds ratios (ORs) with 95% confidence intervals (CIs) with 

the eGFR≥60 group as reference.

To assess whether eGFR levels interacted with patient and hospital factors, adjusted and 

unadjusted logistic regression models with GEE were run for each factor of interest. 

Adjustment variables were based on the standard GWTG Stroke list (described under 

covariates). For each factor, we report the interaction p-value; a significant interaction 

(p<0.05) suggests that eGFR level modifies the relationship between the factor and outcome. 

In such situations, the OR and 95%CI between the factor and outcome is provided for each 

eGFR category.

Lack-of-fit tests were used to compare linear fit and non-linear fit models. If non-linearity 

was found, appropriate transformations were used to achieve linearity. Linear splines were 

used for glucose (knots at 100 and 150 mg/dL), LDL (knot at 65 mg/dL), and systolic blood 

pressure (knot at 150 mmHg) in the in-hospital mortality/hospice model. In addition to these 

variables, linear splines for hospital size (knot at 250 beds), and annual IV-tPA volume (knot 
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at 15) were used in the discharged home model. Co-linearity between covariates was assed 

using variance inflation factors (VIF). Large VIF values (VIF>5) between variables were 

examined. If there was evidence of strong correlation between two covariates, one was 

excluded from the model.

Multiple imputation with 25 imputations was used to estimate missing data in the models. If 

a patient had missing medical history, it was assumed that the medical conditions did not 

occur as abstractors were likely to skip the section when none applied. Hospital 

characteristics were not imputed.

Sensitivity analysis

Because admission eGFR may reflect acute renal dysfunction and not always reflect CKD, 

sensitivity analyses were performed to examine the association of outcomes and patient and 

hospital factors classified by eGFR but confined to patients who also have ICD-9-CM codes 

reflecting CKD. CKD was identified by the following codes: 585.3 (CKD stage 3), 585.4 

(CKD stage 4), 585.5 (CKD stage 5 excluding patients requiring chronic dialysis), 585.6 

(end-stage renal disease requiring chronic dialysis), 585.9 (CKD unknown/unspecified).

Results

Of 232,236 patients with ischemic stroke ≥65-years, 109,913 (47.3%) had an eGFR≥60; 

61,719 (26.6%) an eGFR 45–59; 39,201 (16.8%) an eGFR 30–44; 13,118 (5.6%) an eGFR 

15–29; 1700 (0.7%) an eGFR <15 without dialysis and, 6,585 (2.8%) patients were 

receiving dialysis. Characteristics of the cohort and hospital characteristics by eGFR levels 

are described in Tables 1 and supplemental table I, respectively. The median age of the 

cohort was 81 years (25th–75th percentile [P]: 74–87 years). Compared to subjects with 

eGFR≥60 (median age 78, 25th–75th P: 71–85 years), those with eGFR<60 were older, 

except for those on dialysis (median age 76, 25th–75th P: 70–82 years). About 59% of the 

entire cohort were women and 80% were White. There were fewer Whites (58.1%) and 

more Blacks (27.6%) among those on dialysis compared to the other groups. History of 

previous stroke/TIA, CAD/MI, carotid stenosis, diabetes, peripheral vascular disease, 

hypertension, dyslipidemia, and heart failure were more common in those on dialysis; 

patients on dialysis were more likely to be taking antiplatelet or anticoagulant drugs, 

antihypertensive medications, lipid-lowering medications and diabetic medications prior to 

admission. The highest median NIHSS was among those with eGFR<15 without dialysis 

(NIHSS=8, 25th–75th P: 3–17). The percentage of receiving IV-tpa was lowest among those 

with GFR<15 not on dialysis.

In-hospital mortality or hospice

Of the total cohort, 27,409 (11.8%) died in the hospital or were discharged to hospice. 

Inpatient mortality or discharge to hospice was most common in those with an eGFR<15 

without dialysis (N=497; 29.2%) and least common among those with eGFR≥60 (N=10,054; 

9.1%). In-hospital mortality or discharge to hospice occurred in 12.1% (N=7,512) of patients 

with an eGFR 45–59, 14.8% (N=5,807) with an eGFR 30–44, 20.3% with an eGFR 15–29 

(N=2,664), and 13.2% (N=875) with patients on dialysis. After adjusting for other relevant 
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variables, when compared to those with GFR≥60, all other eGFR levels were independently 

associated with increased odds of in-hospital mortality or discharge to hospice, with the 

highest risk among those with GFR<15 without dialysis (eGFR<15 vs eGFR>60; OR 2.52, 

95% CI 2.07–3.07), p<0.0001 (Table 2).

Discharge disposition

Of the total cohort, 89,696 (38.6%) were discharged home. Discharge home was most 

common among those with an eGFR≥60 (N=47,051; 42.8% of those with eGFR≥60) and 

least common in those with an eGFR<15 without dialysis (N=400; 23.5% of those with 

eGFR<15 without dialysis). The frequency of discharge home was 37.3% in those with an 

eGFR 45–59 (N=23,037), 33.6% with an eGFR 30–44 (N=13,185), 27.5% with an eGFR 

15–29 (N=3,617), and 36.5% in those receiving dialysis (N=2,406). After adjusting for other 

relevant variables, advanced kidney dysfunction including having an eGFR 15–29, eGFR< 

15 without dialysis, and dialysis were each associated with a lower odds of being discharged 

home, with the greatest association in those with eGFR<15 without dialysis (eGFR<15 vs 

eGFR>60; OR 0.72, 95%CI 0.61–0.86, p=0.0002) (Table 3).

Association of clinical and demographic factors with in-hospital mortality by eGFR level

After covariate adjustment, the associations of age, previous stroke/TIA, systolic blood 

pressure on admission, glucose on admission, NIHSS, and teaching versus non- teaching 

hospital with in-hospital mortality varied by eGFR level (supplementary table II). For 

example, the interaction between eGFR and glucose level on admission was significant, but 

was only reflected by a decreased odds of in-hospital mortality/hospice per 5 mg/dL increase 

of glucose in patients on dialysis who presented with a blood glucose ≤ 100 mg/dL 

(OR=0.88, 95% CI 0.82–0.94, p=0.0003). An increase in NIHSS was associated with a 

worse outcome across all GFR levels, but the association was highest among those with an 

eGFR≥60 (OR=1.99, 95% CI 1.96–2.03, p<0.0001) and lowest in those with an eGFR<15 

without dialysis (OR 1.70, 95% CI 1.54–1.87, p<0.0001). Being treated at a teaching versus 

non- teaching hospital was associated with decreased mortality/hospice only in those on 

dialysis (OR 0.77, 95% CI 0.61–0.97, p=0.0265). No interaction was found with history of 

atrial fibrillation.

Adjusted Sensitivity analysis restricted to patients who had CKD identified by ICD-9-CM 

codes revealed that only the associations of sex and dyslipidemia with outcome varied by 

eGFR levels. Women were less likely to die in the hospital if they had eGFR 15–29 (OR 

0.79, 95% CI 0.66–0.94, p=0.0096) and eGFR<15 without dialysis (OR 0.56, 95% CI 0.32–

0.97, p=0.0387) whereas the association was not significant for other eGFR levels. Medical 

history of dyslipidemia was only associated with in-hospital mortality among those with an 

eGFR 30–44 (OR=0.73, 95% CI 0.64–0.83, p<0.0001).

Association of demographic and clinical factors with discharge home by eGFR level

After covariate adjustment, the association of age, sex, race, history of hypertension, history 

of dyslipidemia, NIHSS and independent ambulatory status on admission with discharge 

home varied by eGFR levels (Supplementary Table III). For example, NIHSS was inversely 

associated with discharge home among those with eGFR≥60 (OR 0.42, 95% CI 0.41–0.43, 
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p<0.0001) and in those with kidney dysfunction but had the lowest effect size among those 

on dialysis (OR 0.51, 95% CI 0.47–0.56, p<0.0001). Independent ambulatory status on 

admission was associated with discharge home in those with eGFR≥60 (OR 3.33, 95% CI 

3.17–3.51, p<0.0001) as well as those with kidney dysfunction but the effect size was lowest 

in those on dialysis (OR 2.66, 95% CI 2.19–3.23, p<0.0001).

Adjusted sensitivity analysis restricted to those who also had an ICD-9-CM code consistent 

with CKD revealed that only the association of sex and hospital location (rural vs. urban) 

with discharge home varied by eGFR level. Women were less likely to be discharged home 

if they had eGFR 45–59 (OR 0.74, 95% CI 0.65–0.84, p <0.0001), eGFR 30–44 (OR 0.86, 

95% CI 0.78–0.94, p=0.001) or eGFR 15–29 (OR 0.72, 95% CI 0.63–0.82, p<0.0001) but 

the association was not significant for other eGFR levels. Being treated in a rural vs. urban 

location increased the odds of discharge home if eGFR was 45–59 (OR 1.35, 95% CI 1.03–

1.77, p=0.0291) and dialysis (OR 1.79, 95% CI 1.06–3.03, p=0.030) but was not significant 

in other eGFR levels.

Discussion

In this large nationwide study of Medicare beneficiaries aged ≥65-years with acute ischemic 

stroke, and after adjusting for relevant clinical and demographic factors, eGFR on admission 

was a strong predictor of outcome and modified the relationship of other clinical and 

demographic factors with in-hospital mortality and discharge disposition. Regardless of the 

eGFR level, patients with eGFR <60 were more likely to die in the hospital. In-hospital 

mortality following acute ischemic stroke was highest among patients with eGFR<15 

without dialysis with about 2.5 times higher odds than those with eGFR ≥60 after adjusting 

for relevant variables. Patients with eGFR<15 without dialysis were also the least likely to 

be discharged home compared to those with eGFR ≥60. Compared to those with eGFR ≥60, 

patients with eGFR <15 without dialysis did worse than those on dialysis, reflecting either a 

beneficial effect of dialysis in patients with ESRD on stroke outcomes or, potentially 

reflecting the underlying severity of the comorbidities in this group that may have precluded 

eligibility for dialysis. Those with eGFR<15 not on dialysis tended to have more severe 

strokes. In our study, we adjusted for comorbidities and NIHSS, and despite this, those with 

eGFR<15 still fared poorly, likely from underlying unmeasured confounders related to their 

vascular risk factors and poor health status at baseline.

Previous reports evaluating the association of renal dysfunction on admission with acute 

post-stroke outcomes were inconsistent. For example, two studies found an association 

between in-hospital mortality and proteinuria, but no association with admission eGFR.3, 5 

One of these studies also did not find an association between the admission GFR and 

discharge home.5 The lack of association between admission GFR and post-stroke outcomes 

in these studies could be due to the way GFR was categorized (classified into 3 groups in the 

one study and dichotomized as GFR≥60 or <60 in the other). In addition, one of the studies 

excluded patients with known CKD.5 In contrast, GFR on admission independently 

predicted in-hospital mortality after acute myocardial infarction.8 CKD defined by ICD-9-

CM codes was associated in one study with in-hospital mortality.9 The eGFR cut-offs in our 

study may better reflect the underlying severity of renal dysfunction. We also separately 
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analyzed patients using dialysis in contrast to previous studies.1 In addition, because of the 

large sample, we were able to adjust for multiple relevant covariates.

We also evaluated the interaction between renal dysfunction and patient and hospital-level 

characteristics that may affect post-stroke outcomes. We found that the association with 

outcomes of several patient and hospital-level characteristics varied by eGFR level. For 

example, the association of sex with inpatient mortality varied by eGFR level only when the 

analysis was restricted to those who also had an ICD-9 diagnosis of CKD. In this group, 

women were about 20% less likely than men to die in the hospital if the eGFR was 15–29 

and 45% less likely if <15 without dialysis, but there was otherwise no difference in in-

hospital mortality between women and men. These results are consistent with previous 

findings of slightly lower mortality in women compared to men with CKD.10 Also, lower 

post-stroke mortality was noted in women aged 35 to 54 years compared to men.11 In 

contrast, another study found that in-hospital mortality in women with CKD hospitalized for 

stroke was higher compared to men, but a test for interaction with different levels of renal 

dysfunction was not performed.12

The association of sex with discharge disposition also varied by eGFR level. Women were as 

likely as men to be discharged home only if they had an eGFR<15 or were on dialysis but 

were otherwise less likely to be discharged home. This may be because eGFR<15 and 

dialysis are strong predictors of discharge outcomes, thus reducing the association with sex. 

These findings are consistent with previous studies that found an association between sex 

and post-stroke outcomes. In one study, older women had a higher risk than men of poor 

functional outcome at discharge after acute ischemic stroke.13

The presence of advanced renal dysfunction reduced the associations of several 

demographic/clinical factors with outcomes. The associations of increased age, systolic 

blood pressure on admission, and initial NIHSS score were reduced in the setting of 

advanced renal dysfunction. In contrast, glucose on admission was associated with outcome 

only in patients receiving dialysis. Mortality decreased for each 5 mg/dL increase in glucose 

in patients receiving dialysis who presented with blood glucose ≤100 mg/dL suggesting that 

hypoglycemia may play an even greater role in in-hospital mortality in dialysis patients. 

Interestingly, being treated at a teaching hospital was associated with lower mortality only in 

those on dialysis, possibly owing to the more complex care of these patients.

Similar patterns were found with factors associated with discharge home. Increased age 

played a smaller role in the association with discharge disposition among patients on dialysis 

compared to those not on dialysis. Admission NIHSS score and independent ambulatory 

status on admission were associated with outcome in all groups of patients including those 

with and without kidney dysfunction, but the effect size was lowest in those receiving 

dialysis.

Fewer interactions between eGFR and demographic and clinical factors were noted when 

restricting the analysis to those who also had ICD-9 indicating CKD. This may be because 

CKD ICD-9 codes may be insensitive and underestimated the prevalence of CKD.14 

Alternatively, the interaction of GFR on admission, which could reflect acute renal 
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impairment but not chronic renal disease, with clinical and demographic factors may be 

different in those who already have established CKD.

This study has limitations. The data are limited to GWTG-Stroke participating hospitals and 

the Medicare population (aged ≥65 years) and may not be generalizable to a younger 

population. GWTG–Stroke hospitals do tend to be larger, urban and teaching centers. 

GWTG–Stroke registry data, however, are generally representative of national fee-for-

service Medicare ischemic stroke populations.15 In addition, the majority of individuals ≥65-

years use Medicare in the US.16 Although generally valid, dialysis was identified based on 

ICD-9-CM codes, which may underestimate its true prevalence.17 Residual measures and 

unmeasured confounding cannot be excluded. Admission creatinine was not uniformly 

obtained introducing a possible selection bias. The MDRD formula used for the analysis 

may not be an entirely accurate measure of eGFR in the setting of acute ischemic stroke. 

Multiple testing was done in a large database which may increase the likelihood of finding 

statistically significant results by chance. Also, because of the large sample size, differences 

that are not clinically important may be statistically significant.

Among Medicare beneficiaries with acute ischemic stroke, in-hospital mortality increased 

across all levels of renal dysfunction and was highest in those with an eGFR<15 not 

receiving dialysis. Discharge home was less frequent in those with advanced renal 

dysfunction. The association of other factors with outcomes varied by the level of renal 

dysfunction, confirming that admission eGFR identifies a group of patients at risk for poor 

outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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