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Renal disease is prevalent among stroke patients and is asso-
ciated with worse stroke outcomes.1–3 Elevated estimated 

glomerular filtration rate (eGFR) on admission for stroke may 
reflect acute kidney injury or chronic kidney disease (CKD), 
which may in turn worsen the outcome after acute stroke. Data 
on the association of eGFR on admission with poststroke out-
comes is inconsistent. For example, in one study, an eGFR of 
15 to 44 during hospitalization for acute stroke was associated 
with increased 1-year mortality.4 Several other studies, how-
ever, 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 whether the 
effect of patient or hospital-level characteristics on poststroke 
outcomes varies by the level of kidney dysfunction.

Understanding the impact of admission eGFR on short-term 
outcomes and its interaction with clinical and demographic fac-
tors 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.

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 poststroke in-hospital 
mortality or discharge disposition.

Methods—In this cohort study, data from ischemic stroke patients in Get With The Guidelines–Stroke linked to fee-for-service 
Medicare data were analyzed. The Modification of Diet in Renal Disease study equation was used to calculate the eGFR 
(mL/min/1.73 m2). Dialysis was identified by International Classification of Diseases, Ninth Revision 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 to 59, 16.8% an eGFR 30 to 44, 5.6% an 
eGFR 15 to 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 was independently associated with an increased risk of in-hospital mortality that was 
highest among those with eGFR <15 without dialysis (odds ratio, 2.52; 95% confidence interval, 2.07–3.07). An eGFR 
15 to 29 (odds ratio, 0.82; 95% confidence interval, 0.78–0.87), eGFR <15 (odds ratio, 0.72; 95% confidence interval, 
0.61–0.86), and dialysis (odds ratio, 0.86; 95% confidence interval, 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 poststroke short-term outcomes.    (Stroke. 2017;48:327-334. 
DOI: 10.1161/STROKEAHA.116.014601.)
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The objectives of this study were to (1) examine the inde-
pendent associations of the different levels of renal dysfunc-
tion, 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 and (2) assess the relationships of patient 
and hospital characteristics with short-term outcomes (dis-
charge home, inpatient mortality) stratified by eGFR levels.

Methods

Patient Population
We used data on patients admitted with ischemic stroke between 2009 
and 2012 from fully participating sites from the GWTG-Stroke program 
database that was linked to Centers for Medicare and Medicaid Services 
(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 transient 
ischemic attack. GWTG-Stroke participating hospitals record data from 
all stroke and TIA admissions. Case ascertainment is based on clinical 
identification during the hospitalization, retrospective surveillance of 
International Classification of Diseases, Ninth Revision (ICD-9) codes, 
or both. Trained personnel extract data on demographics, medical his-
tory, 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 1679 GWTG-Stroke fully partici-
pating sites who were admitted between 2009 and October 2014 and 
who had records linked to CMS claims data were identified. From 
this cohort, 603 had missing race information; 59 378 patients had 
missing serum creatinine (Cr); 1471 had Cr <0.5 mg/dL and 856 had 
Cr >15 mg/dL (these values were considered less likely to be physio-
logical); 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 intravenous tissue-type 
plasminogen activator at an outside hospital; and 5473 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 who 
were admitted from 1581 sites were included in the analysis.

Variables

Renal Dysfunction Definitions
eGFR was estimated based on the Modification of Diet in 
Renal Disease equation (eGFR=175×serum creatinine−1.154×
age−0.203×[1.210 if race=black]×[0.742 if sex=female]) using cre-
atinine 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/1.73 m2 (CKD stage 3a); eGFR 30 
to 44 mL/min/1.73 m2 (CKD stage 3b); eGFR 15 to 29 mL/min/1.73 
m2 (CKD stage 4); eGFR <15 mL/min/1.73 m2 without dialysis (CKD 
stage 5 without dialysis); and treatment by dialysis. In this study, 
eGFR ≥60 mL/min/1.73 m2 was categorized as no kidney dysfunc-
tion. Because the definition of CKD requires longitudinal eGFR data 
for at least 3 months and because follow-up eGFR was not available, 
the data were 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).

Outcomes
In-hospital mortality included any death before discharge or being 
discharged to hospice. Discharge disposition was dichotomized into 
discharge home versus other.

Covariates
The covariates for the adjusted analysis of the association of admis-
sion eGFR with inpatient mortality/hospice and discharge disposi-
tion included the standard GWTG-Stroke adjustment variable list: (1) 
demographics: age, sex, and race; (2) medical history: atrial fibril-
lation/flutter, previous stroke/TIA, coronary artery disease/previ-
ous myocardial infarction (MI), carotid stenosis, diabetes mellitus, 
peripheral vascular disease, hypertension, dyslipidemia, and smok-
ing; (3) other patient characteristics: arrival on versus off hours, initial 
National Institutes of Health Stroke Scale (NIHSS) score; (4) hospital 
characteristics such as region, hospital type (teaching/nonteaching), 
number of beds, annual ischemic stroke volume, annual intravenous 
tissue-type plasminogen activator volume, rural location, and Joint 
Commission primary stroke center status.

The variables that were included in the interaction analysis with 
admission eGFR were selected a priori based on their possible asso-
ciation with stroke outcomes and included, in addition to the above 
variables, initial systolic blood pressure, glucose level, low-density 
lipoprotein cholesterol, and independent ambulatory status at admis-
sion. For each variable of interest, individual models for each eGFR 
stage were created with the standard GWTG-Stroke adjustment vari-
able 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 χ2 tests, Fisher 
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. Generalized estimating equation 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 nonlinear fit 
models. If nonlinearity was found, appropriate transformations were 
used to achieve linearity. Linear splines were used for glucose (knots 
at 100 and 150 mg/dL), low-density lipoprotein (knot at 65 mg/dL), 
and systolic blood pressure (knot at 150 mm Hg) in the in-hospital 
mortality/hospice model. In addition to these variables, linear splines 
for hospital size (knot at 250 beds) and annual intravenous tissue-
type plasminogen activator volume (knot at 15) were used in the 
discharged home model. Colinearity between covariates was assed 
using variance inflation factors. Large variance inflation factor values 
(variance inflation factor >5) between variables were examined. If 
there was evidence of strong correlation between 2 covariates, 1 was 
excluded from the model.

Multiple imputations 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 character-
istics were not imputed.
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Table 1.  Baseline Patient Characteristics and Discharge Disposition by eGFR Level

Variable
Overall 

(N=232 236)
GFR ≥60 

(n=109 913)
GFR 45–59 
(n=61 719)

GFR 30–44 
(n=39 201)

GFR 15–29 
(n=13 118)

GFR <15 
(n=1700)

On Dialysis 
(n=6585) P Value

Demographics

 � Age, median (25th–75th 
percentile)

81.0  
(74.0–87.0)

78  
(71.0–85.0)

83  
(76.0–88.0)

83.0  
(77.0–88.0)

83.0  
(77.0–89.0)

82.0  
(75.0–87.0)

76.0  
(70.0–82.0)

<0.0001

 � Sex, %         

  �  Women 58.6 52.8 62.4 66.0 69.3 69.2 53.6 <0.0001

 � Race, %        <0.0001

  �  Other 2.6 2.7 2.4 2.7 2.4 2.7 3.1  

  �  Asian 1.8 2.0 1.6 1.6 1.8 2.2 2.4  

  �  Hispanic 4.3 4.4 3.7 3.9 4.4 4.2 8.6  

  �  Black 10.7 12.2 8.1 8.0 9.8 14.1 27.6  

  �  White 80.3 78.4 83.9 83.6 81.3 76.5 58.1  

Arrival and admission information

 � Arrival mode %        <0.0001

  �  Unknown 1.5 1.6 1.4 1.4 1.3 1.4 1.6  

  �  Private transport/taxi/other 
from home/scene

34.0 37.5 32.6 29.6 26.9 23.7 30.8  

  �  EMS from home/scene 64.4 60.7 65.8 68.9 71.6 74.8 67.4  

 � Arrival during off hours (regular 
hours: 7.00 AM–6 PM, M-F)

42.7 42.0 43.0 44.0 43.3 41.2 41.0 <0.0001

Patient location when stroke 
symptoms first discovered, %

       <0.0001

 � Not determined 0.5 0.5 0.6 0.6 0.6 0.4 0.6  

 � Outpatient healthcare setting 1.4 1.3 1.1 1.2 1.1 1.4 6.3  

 � Inpatient in hospital 2.7 2.3 2.4 2.9 4.3 6.7 5.4  

 � Chronic healthcare facility 11.0 8.9 11.9 13.2 16.5 18.2 12.2  

 � Not in a healthcare setting 84.2 86.8 83.8 81.8 77.2 73.0 75.2  

Symptom location occurring in 
chronic healthcare facility (among 
patients discharged to SNF), %

25.1 23.4 25.8 26.3 28.4 28.2 27.5 <0.0001

Onset to arrival time, median 
(25th–75th percentile)

178.0  
(66.0–545.0)

194.0  
(69.0–586.0)

167.0  
(64.0–510.0)

158.0  
(62.0–484.0)

168.0  
(66.0–520.0)

234.0  
(70.0–604.0)

162.5  
(61.0–488.0)

<0.0001

Medical history, %

 � Atrial fibrillation/flutter 24.8 21.7 27.8 28.2 27.9 22.1 22.8 <0.0001

 � Prosthetic heart valve 1.4 1.3 1.4 1.6 1.8 1.4 1.8 <0.0001

 � Previous stroke/TIA 27.9 26.1 28.5 30.3 30.1 27.6 32.5 <0.0001

 � CAD/previous MI 30.8 26.5 31.8 35.9 39.5 32.7 45.7 <0.0001

 � Carotid stenosis 4.3 3.6 4.4 5.5 5.7 5.2 6.2 <0.0001

 � Diabetes mellitus (combined) 30.3 27.2 27.8 33.9 39.8 38.6 60.1 <0.0001

 � Peripheral vascular disease 5.6 4.4 5.4 6.6 8.7 6.3 13.0 <0.0001

 � Hypertension 79.9 76.0 81.4 84.9 85.7 83.1 87.7 <0.0001

 � Smoker 8.9 11.3 6.9 6.6 6.6 6.8 7.7 <0.0001

 � Dyslipidemia 44.4 42.8 45.3 46.7 46.1 41.7 48.0 <0.0001

 � Heart failure 11.2 7.5 11.4 15.6 20.7 17.1 24.3 <0.0001

 � Medical history panel missing 0.1 0.1 0.1 0.1 0.1 0.06 0.06 0.2972

(Continued )
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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 classi-
fied by eGFR but confined to patients who also have ICD-9–Clinical 
Modification (CM) codes reflecting CKD. CKD was identified by 

Medications before admission, %

 � Antiplatelet or anticoagulation 
medications

58.7 55.6 60.5 62.8 62.7 54.4 63.8 <0.0001

 � Antihypertensives 77.4 71.2 79.7 85.4 88.2 81.9 87.0  

 � Cholesterol reducer 44.3 41.3 44.8 48.3 49.3 44.0 55.5  

 � Diabetic medication 24.2 21.8 22.3 27.6 32.3 29.4 45.6  

Laboratories/vitals at admission

 � Glucose, mg/dL, median  
(25th–75th percentile)

118.0  
(101.0–149.0)

116.0  
(100.0–144.0)

118.0  
(101.0–147.0)

122.0  
(103.0–156.0)

127.0  
(105.0–165.0)

127.0  
(104.0–163.0)

126.0  
(101.0–172.0)

<0.0001

 � Creatinine, mg/dL, median 
(25th–75th percentile)

1.0 (0.8–1.3) 0.8 (0.7–1.0) 1.1 (1.0–1.3) 1.5 (1.3–1.6) 2.2 (1.9–2.5) 4.5 (3.6–6.7) 3.7 (2.2–5.6) <0.0001

 � INR, median (25th–75th 
percentile)

1.0 (1.0–1.1) 1.0 (1.0–1.1) 1.0 (1.0–1.1) 1.0 (1.0–1.1) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.1 (1.0–1.2) <0.0001

 � Systolic blood pressure, mm Hg, 
median (25th–75th percentile)

155.0  
(137.0–178.0)

157.0  
(140.0–179.0)

156.0  
(138.0–178.0)

153.0  
(134.0–175.0)

148.0  
(127.0–171.0)

145.0  
(121.0–169.0)

151.5  
(129.5–177.0)

<0.0001

 � Diastolic blood pressure, mm Hg, 
median (25th–75th percentile)

79.0  
(68.0–91.0)

81.0  
(70.0–92.0)

79.0  
(68.0–91.0)

77.0  
(66.0–89.0)

73.0  
(62.0–86.0)

72.0  
(60.0–87.0)

73.0  
(62.0–86.0)

<0.0001

 � Heart rate, bpm, median (25th–
75th percentile)

77.0  
(67.0–89.0)

78.0  
(68.0–89.0)

77.0  
(67.0–89.0)

77.0  
(67.0–90.0)

77.0  
(66.0–90.0)

79.0  
(68.0–94.0)

78.0  
(68.0–90.0)

<0.0001

 � BMI, kg/m2, median, 25th–75th 
percentile)

25.9  
(22.7–29.7)

25.8  
(22.7–29.7)

25.8  
(22.6–29.5)

26.0  
(22.8–30.0)

26.1  
(22.7–30.2)

25.6  
(22.1–29.8)

26.2  
(22.8–30.5)

<0.0001

 � NIHSS score, median (25th–75th 
percentile)

5.0 (2.0–12.0) 4.0 (2.0–10.0) 5.0 (2.0–12.0) 5.0 (2.0–13.0) 6.0 (2.0–15.0) 8.0 (3.0–17.0) 5.0 (2.0–12.0) <0.0001

 � Received IV tPA (regardless of 
contraindications or warnings) %

7.7 7.6 8.3 7.6 7.0 5.6 6.4 <0.0001

 � Received IV tPA (excluding 
contraindications and warnings 
for both 0–3 h and 3–4.5 h), %

10.0 9.7 10.8 10.0 9.1 6.9 8.3 <0.0001

 � IV r-tPA arrive by 2 h, treat by 
3 h, %

78.1 78.8 78.9 76.9 74.6 79.7 71.3 0.0002

 � IV r-tPA arrive by 3.5 h, treat by 
4.5 h, %

53.1 53.3 54.3 51.6 53.0 50.9 46.3 0.0001

 � Door to IV tPA within 60 min % 32.8 34.3 32.0 31.1 32.6 25.0 24.3 <0.0001

Discharge disposition, %        <0.0001

 � Home 38.6 42.8 37.3 33.6 27.5 23.5 36.5  

 � Hospice–home 1.6 1.4 1.7 1.9 2.5 3.3 1.7  

 � Hospice–healthcare facility 4.5 3.4 4.9 5.9 7.3 9.9 3.6  

 � Skilled nursing facility 24.0 21.4 25.4 27.0 29.7 29.1 25.0  

 � Inpatient rehab facility 23.1 24.5 22.7 21.8 19.5 15.7 21.3  

 � Long-term care facility 1.6 1.4 1.6 1.8 2.1 1.7 3.3  

 � Intermediate care facility 0.1 0.1 0.2 0.2 0.2 0.1 0.1  

 � Other/other unspecified 0.4 0.4 0.5 0.4 0.4 0.5 0.3  

 � Expired 5.5 4.2 5.5 6.9 10.4 15.9 7.8  

Percentages are based on nonmissing data. BMI indicates body mass index; CAD, coronary artery disease; EMS, emergency medical services; INR, international 
normalized ratio; IV, intravenous; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale; r-tPA, recombinant tissue-type plasminogen activator; TIA, 
transient ischemic attack; and tPA, tissue-type plasminogen activator.

Table 1.  Continued

Variable
Overall 

(N=232 236)
GFR ≥60 

(n=109 913)
GFR 45–59 
(n=61 719)

GFR 30–44 
(n=39 201)

GFR 15–29 
(n=13 118)

GFR <15 
(n=1700)

On Dialysis 
(n=6585) P Value
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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), and 585.9 
(CKD unknown/unspecified).

Results
Of 232 236 patients with ischemic stroke, aged ≥65 years, 
109 913 (47.3%) had an eGFR ≥60; 61 719 (26.6%) an 
eGFR 45 to 59; 39 201 (16.8%) an eGFR 30 to 44; 13 118 
(5.6%) an eGFR 15 to 29; 1700 (0.7%) an eGFR <15 with-
out dialysis, and 6585 (2.8%) patients were receiving dialy-
sis. Characteristics of the cohort and hospital characteristics 
by eGFR levels are described in Table 1 and Table I in the 
online-only Data Supplement, respectively. The median age of 
the cohort was 81 years (25th–75th percentile: 74–87 years). 
Compared with subjects with eGFR ≥60 years (median age: 
78 years; 25th–75th percentile: 71–85 years), those with 
eGFR <60 were older, except for those on dialysis (median 
age 76 years; 25th–75th percentile: 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 with the other groups. History of 
stroke/TIA, coronary artery disease/myocardial infarction, 
carotid stenosis, diabetes mellitus, peripheral vascular dis-
ease, 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, anti-
hypertensive medications, lipid-lowering medications, and 
diabetic medications before admission. The highest median 
NIHSS was among those with eGFR <15 without dialysis 
(NIHSS=8; 25th–75th percentile: 3–17). The percentage of 
receiving intravenous tissue-type plasminogen activator 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 hos-
pice 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 dis-
charge to hospice occurred in 12.1% (n=7512) of patients with 
an eGFR 45 to 59, 14.8% (n=5807) with an eGFR 30 to 44, 
20.3% with an eGFR 15 to 29 (n=2664), and 13.2% (n=875) 
with patients on dialysis. After adjusting for other relevant 
variables, when compared with 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 versus 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 to 59 (n=23 037), 33.6% with an eGFR 30 to 
44 (n=13 185), 27.5% with an eGFR 15 to 29 (n=3617), and 
36.5% in those receiving dialysis (n=2406). After adjusting for 
other relevant variables, advanced kidney dysfunction includ-
ing having an eGFR 15 to 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 versus 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 nonteaching hospital 
with in-hospital mortality varied by eGFR level (Table II in 
the online-only Data Supplement). For example, the inter-
action 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 nonteaching 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 his-
tory of atrial fibrillation.

Table 2.  Association of eGFR Level and In-Hospital Mortality or Hospice for Patients Admitted With Ischemic 
Stroke

CKD Group 
(Reference=eGFR ≥60)

Unadjusted Odds Ratio 
(95% CI) P Value Global P

Adjusted Odds Ratio 
(95% CI) P Value Global P

eGFR 45–59 1.38 (1.34–1.43) <0.0001 <0.0001 1.06 (1.01–1.10) 0.0162 <0.0001

eGFR 30–44 1.74 (1.68–1.80) <0.0001  1.23 (1.17–1.29) <0.0001  

eGFR 15–29 2.56 (2.44–2.67) <0.0001  1.71 (1.58–1.85) <0.0001  

eGFR <15 4.09 (3.66–4.56) <0.0001  2.52 (2.07–3.07) <0.0001  

Dialysis 1.54 (1.43–1.67) <0.0001  1.56 (1.39–1.76) <0.0001  

Reference group is eGFR ≥60 mL/min/1.73 m2. CI indicates confidence interval; CKD, chronic kidney disease; and eGFR, estimated 
glomerular filtration rate.
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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 to 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 dyslip-
idemia was only associated with in-hospital mortality among 
those with an eGFR 30 to 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 (Table III in the online-only Data 
Supplement). For example, NIHSS was inversely associated 
with discharge home among those with eGFR ≥60 (OR, 0.42; 
95% CI, 0.41–0.43; P<0.0001) and in those with kidney dys-
function but had the lowest effect size among those on dialy-
sis (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 versus 
urban) with discharge home varied by eGFR level. Women 
were less likely to be discharged home if they had eGFR 45 
to 59 (OR, 0.74; 95% CI, 0.65–0.84; P<0.0001), eGFR 30 to 
44 (OR, 0.86; 95% CI, 0.78–0.94; P=0.001) or eGFR 15 to 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 versus urban location increased the odds of discharge 
home if eGFR was 45 to 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 admis-
sion 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 after 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 with those with eGFR ≥60. Compared with 
those with eGFR ≥60, patients with eGFR <15 without dialy-
sis did worse than those on dialysis, either reflecting a benefi-
cial effect of dialysis in patients with end-stage renal disease 
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 dys-
function on admission with acute poststroke outcomes were 
inconsistent. For example, 2 studies found an association 
between in-hospital mortality and proteinuria, but no asso-
ciation 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 admis-
sion GFR and poststroke outcomes in these studies could be 
because of 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 indepen-
dently 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 cutoffs in 
our study may better reflect the underlying severity of renal 
dysfunction. We also separately analyzed patients using dial-
ysis 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 dysfunc-
tion and patient- and hospital-level characteristics that may 
affect poststroke 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 analy-
sis was restricted to those who also had an ICD-9 diagnosis of 

Table 3.  Association of eGFR Level and Discharge Home for Patients Admitted With Ischemic Stroke

eGFR Group 
(Reference=eGFR ≥60)

Unadjusted Odds 
Ratio (95% CI) P Value Global P

Adjusted Odds Ratio 
(95% CI) P Value Global P

eGFR 45–59 0.80 (0.780.82) <0.0001 <0.0001 1.04 (1.01–1.07) 0.0065 <0.0001

eGFR 30–44 0.68 (0.66–0.70) <0.0001  0.98 (0.94–1.01) 0.2302  

eGFR 15–29 0.51 (0.49–0.53) <0.0001  0.82 (0.78–0.87) <0.0001  

eGFR <15 0.42 (0.37–0.47) <0.0001  0.72 (0.61–0.86) 0.0002  

Dialysis 0.78 (0.74–0.82) <0.0001  0.86 (0.79–0.94) 0.0005  

Reference group is eGFR ≥60 mL/min/1.73 m2. CI indicates confidence interval; and eGFR, estimated glomerular filtration rate.
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CKD. In this group, women were ≈20% less likely than men 
to die in the hospital if the eGFR was 15 to 29 and 45% less 
likely if eGFR was <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 with men with CKD.10 
Also, lower poststroke mortality was noted in women aged 35 to 
54 years compared with men.11 In contrast, another study found 
that in-hospital mortality in women with CKD hospitalized for 
stroke was higher compared with 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 predic-
tors of discharge outcomes, thus reducing the association with 
sex. These findings are consistent with previous studies that 
found an association between sex and poststroke 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 out-
comes. The associations of increased age, systolic blood pres-
sure 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 receiv-
ing 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 associ-
ated 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 dial-
ysis compared with 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 underesti-
mated the prevalence of CKD.14 Alternatively, the interaction 
of GFR on admission, which could reflect acute renal impair-
ment but not chronic renal disease, with clinical and demo-
graphic 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 

United States.16 Although generally valid, dialysis was iden-
tified based on ICD-9-CM codes, which may underestimate 
its true prevalence.17 Residual measures and unmeasured con-
founding cannot be excluded. Admission creatinine was not 
uniformly obtained introducing a possible selection bias. The 
Modification of Diet in Renal Disease 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 that 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 dys-
function 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 fac-
tors with outcomes varied by the level of renal dysfunction, 
confirming that admission eGFR identifies a group of patients 
at risk for poor outcome.
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