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Background: Anemia is highly prevalent in patients with low estimated glomerular filtration rate (¢GFR).
However, the combined effect of anemia and low eGFR on the prognosis of stroke has not been well studied.
Methods: Data of patients with acute ischemic stroke in the prospective cohort study of China National
Stroke Registry was reviewed. According to the levels of eGFR and hemoglobin, patients were categorized
into four groups: low eGFR (<60 mL/min per 1.73 m’) or normal eGFR (260 mL/min per 1.73 m’) with or
without anemia. Multivariate logistic regression methods were used to analyze the association between eGFR
with or without anemia and outcomes after stroke [the poor functional outcome (modified Rankin Scale,
mRS 3-6), mortality and stroke recurrence] at 3 months and 1 year.

Results: This study included 8,303 stroke patients. After adjusting for the confounding factors, low eGFR
with normal hemoglobin increased the risk of mortality at 1 year of follow-up [odds ratio (OR) =1.50; 95%
confidence interval (95% CI), 1.14-1.97]. Anemia with normal eGFR was not associated with any poor
outcome at 1-year of follow-up. In patients with both low eGFR and anemia, there was an increased risk
of 1-year poor functional outcome (OR 1.73; 95% CI, 1.30-2.29), mortality (OR 2.64; 95% CI, 1.94-3.59)
and stroke recurrence (OR 1.42; 95% CI, 1.06-1.91). Combined and interactive effects of the pattern of low
e¢GFR and anemia on the poor functional outcome (P for interaction =0.02) and all-cause mortality (P for
interaction =0.046) were observed.

Conclusions: Ischemic stroke patients with concurrent low eGFR and anemia increased risks of poor

functional outcome, mortality and stroke recurrence after 1-year follow-up.
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Introduction

Chronic kidney disease (CKD) is a common independent
risk factor and comorbidity for stroke (1,2). In most
patients with CKD, anemia is highly prevalent and is
known as an intermediate marker of CKD; furthermore,
anemia is regarded as a strong independent predictor of
increased mortality after stroke (3). A previous study on
the community-based population demonstrated that CKD
combined with anemia was significantly associated with an
increased risk of stroke (4). Moreover, in stroke patients,
the presence of CKD and anemia predicted the high risk
of mortality at 1-year of follow-up (5). However, this
retrospective study only included first-ever diagnosed stroke
patients and did not analyze other meaningful outcomes
besides mortality. In addition, the combined relationship of
CKD and anemia with stroke outcome has not been well
studied.

We thereby hypothesized that patients with modest or
severe kidney dysfunction [estimated glomerular filtration
rate (¢GFR) <60 mL/min per 1.73 m’] and anemia had a
strong association with poorer clinical outcomes compared
to those without kidney dysfunction or anemia. We tested
this assumption in the prospective cohort study of China
National Stroke Registry (CNSR).

Methods
Study population

All ischemic stroke patients enrolled in CNSR between
2007 and 2008 were eligible to enter this analysis, excluding
those potentially cause of anemia, such as immune
deficiency, pregnancy, cancer, gastrointestinal bleeding
(GI bleeding), end-stage of liver or extremely low body
mass index (BMI) <18.5. The rationale and design of
CNSR has been described previously (6). Briefly, CNSR
was a prospective, multicenter, cohort study that enrolled
12,415 patients with acute cerebrovascular events from
132 hospitals across China. The study was approved by the
ethics committee of Beijing Tiantan Hospital. Informed
consents were obtained from all patients who were enrolled

in the CNSR.

Data collection

Trained interviewers (neurologists from the included
hospitals) conducted the data collection. Baseline
information included age and sex. Vascular risk factors
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included hypertension, diabetes mellitus, hyperlipidemia,
atrial fibrillation, coronary heart disease, congestive
heart failure, stroke history, family stroke history, current
smoking, and heavy drinking. Clinical features included
the National Institutes of Health Stroke Scale (NIHSS)
on admission, serum levels of creatinine, hemoglobin and
fasting blood glucose. Stroke subtypes were classified by
TOAST criteria (Trial of ORG 10172 in acute stroke
treatment) (7). The complications during hospitalization
included pneumonia and urinary tract infection (UTT).
In addition, in-hospital medications included antiplatelet,
anticoagulation, lipid-lowering agents, hypertensive agents,
and hypoglycemic agents. Heavy drinking was defined as >2
standardized alcohol drinks every day.

Renal function and anemia assessment

The eGFR was calculated by using the Chronic Kidney
Disease Epidemiology Collaboration creatinine equation
(CKD-EPI) with an adjusted coefficient of 1.1 for the
Asian population (8,9). The serum creatinine level was
measured on admission by using the Jaffe method and
was reduced by 5% for the Chronic Kidney Disease
Epidemiology Collaboration equation (10). The eGFR level
was dichotomized into low eGFR (less than 60 mL/min
per 1.73 m’) and normal eGFR (more than 60 mL/min per
1.73 m’), a cutting-off point that has been previously
proposed to distinguish moderate or severe CKD from fine
renal function (11). Anemia was defined as a hemoglobin
value of less than 120 g/L in women and 130 g/L in men
according to the World Health Organization (WHO)
criteria (12). According to the eGFR and hemoglobin levels,
patients were categorized into four groups: low eGFR with
or without anemia, and normal eGFR with or without
anemia.

Follow-up and outcome estimation

Trained interviewers based on a unified protocol performed
a telephone follow-up at 3 months and 1 year after stroke
onset. The outcome was measured by poor functional
outcome, all-cause mortality and stroke recurrence. The
poor functional outcome was defined as a score of 3 to
6 on the modified Rankin Scale (mRS) (13). Death was
confirmed by the death certificate from either the local
citizen registry or the hospital where the patient was
treated. Stroke recurrence was defined as a worsening of the
index neurological deficit (NIHSS increasing >4, excluding
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12,415 acute ischemic stroke patients
from CNSR

900 patients were excluded due to:
e 6 with human immunodeficiency virus
¢ 18 with pregnancy
® 226 with cancer,
e 42 with liver cirrhosis
¢ 191 with gastrointestinal bleeding
® 460 with BMI <18.5

Y

Y
11,515 patients included

3,197 patients without data of
hemoglobin or creatinine
3,050 missing hemoglobin
2,514 missing creatinine

Y

Y
8,318 patients included

= 15 loss of follow-up at 3 months and
~| 1 year

\/
8,308 patients included

Figure 1 The flowchart of the included patients. CNSR, the China
National Stroke Registry; BMI, body mass index.

hemorrhagic transformation after infarction or symptomatic
intracranial hemorrhage), a new neurological deficit, or re-
hospitalization with a diagnosis of ischemic or hemorrhagic
stroke (13).

Statistics

The baseline and clinical characteristics were compared
between these four groups by using the % test or Fisher
exact test for categorical variables and one-way ANOVA or
Kruskal-Wallis test for continuous variables with a normal
or skewed distribution respectively. Continuous variables
were expressed as means with standard deviation (SD) or
medians with interquartile range (IQR), as appropriate.
Categorical data was presented as proportions.

Univariate and multivariate logistic regression models
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were used to evaluate the association between the clinical
outcome and eGFR with or without anemia. All significant
covariates in the univariate regression analysis were
included in the multivariate model. Odds ratios (ORs) with
95% confidence intervals (Cls) were calculated by using
those with normal eGFR and without anemia as reference.
To examine the interaction effect between eGFR and
hemoglobin, we tested the statistical significance of eGFR x
hemoglobin in a multivariate logistical regression model.
All analyses were conducted with SAS version 9.4
software (SAS Institute Inc., Cary, NC, USA). Two-tailed P

values <0.05 were considered to be statistically significant.

Results
Subjects recruited

In this study, 12,415 ischemic stroke patients were enrolled,
900 of whom had immune deficiency, pregnancy, cancer, GI
bleeding, end-stage of liver or extremely low BMI <18.5 and
therefore were excluded. Another 3,197 (25.8%) individuals
without data on serum creatinine (n=3,050) or hemoglobin
(n=2,514) were also excluded. Fifteen patients were
excluded for no follow-up data. A total of 8,303 patients
were included in the final analysis (Figure I).

There was no significant disparity within the demography
and common vascular risk factors between included and
missing patients. No significance was detected in the
treatment for hypertension, diabetes mellitus, use of
antiplatelet agents, and statin, except those missing were
less likely to use anticoagulation agents possibly because of
bleeding diathesis. In addition, the included patients had
a higher baseline NIHSS score and stroke etiology was
imbalanced between the two groups yet (Table 1).

Baseline characteristics

The baseline and clinical features of the included patients
are demonstrated in Table 2. Overall, the subjects with
both low eGFR and anemia accounted for 3.8% of the
total studied population and 39.2% of the low eGFR
population. These subjects were more likely to be elderly
and female. They were also more likely to have vascular risk
factors including hypertension, diabetes mellitus, coronary
artery disease, atrial fibrillation, heart failure, but were
less likely to be currently smoking and heavily drinking.
They received more antihypertensive and hypoglycemic
medications. However, the subjects with normal eGFR and
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Table 1 The baseline characteristic of the included patients and missing patients

Variables Included patients, n=8,303 Missing patients, n=3,212 P value
Age, median (IQR) 66 [56-74] 66 [57-74] 0.48
Sex (male), n (%) 3,113 (37.5) 1,229 (38.3) 0.44
Diabetes, n (%) 1,799 (21.7) 701 (21.8) 0.85
Hypertension, n (%) 5,310 (64.0) 2,078 (64.7) 0.46
Hyperlipidemia, n (%) 930 (11.2) 388 (12.1) 0.18
Current smoking, n (%) 3,330 (40.1) 1,261 (39.3) 0.41
Alcohol heavy drinker, n (%) 818 (9.9) 292 (9.1) 0.22
NIHSS score at admission, median (IQR) 5 [2-9] 4 [2-8] <0.001
TOAST subtypes, n (%) <0.001
Large artery atherosclerosis 3,849 (46.4) 1,350 (42.0)

Small artery occlusion 1,376 (16.6) 574 (17.9)

Cardioembolism 522 (6.3) 166 (5.2)

Other determined or undetermined 307 (3.7) 114 (3.6)

Missing 2,249 (27.1) 1,008 (31.4)

Antiplatelet agents, n (%) 5,930 (71.4) 2,274 (70.8) 0.51
Anticoagulation agents, n (%) 2,088 (25.2) 663 (20.6) <0.001
Statin, n (%) 3,586 (43.2) 1,423 (44.3) 0.28
Hypoglycemic agents, n (%) 1,888 (22.7) 713 (22.2) 0.53
Hypertensive agents, n (%) 3,629 (43.7) 1,427 (44.4) 0.49
Pneumonia, n (%) 974 (11.7) 312 (9.7) 0.002
Urinary tract infection, n (%) 335 (4.0) 98 (3.1) 0.01

NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; TOAST, Trial of Org 10172 in Acute Stroke Treatment.

hemoglobin levels were more likely to receive antiplatelet
and statin therapy. In-hospital pneumonia and UTT were
more prevalent in the subjects with low e GFR and anemia.

Association of eGFR and anemia with clinical outcome at
3 months

The association of eGFR and anemia with clinical outcomes
after stroke at 3 months is presented in 7zble 3. In the
univariate analysis, presence of low eGFR and/or anemia
were associated with all of the adverse stroke outcomes
(P<0.001). After adjusting for age, sex, medical history, the
etiology of stroke, and other potential confounding factors,
patients with low eGFR and normal hemoglobin had an
increased risk of mortality [adjusted OR (aOR) =1.56; 95%
CI, 1.16-2.11]. On the contrary, patients with anemia and
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normal eGFR were not associated with any 3-month poor
outcome in this study. While patients with both low eGFR
and anemia had increased risks of 3-month poor outcomes
after the index stroke: poor functional outcome with aOR
=1.42; 95% CI, 1.07-1.90; all-cause mortality with aOR
=2.34; 95% CI, 1.65-3.32; any stroke recurrence with aOR
=1.37;95% CI, 1.01-1.87.

Association of eGFR and anemia with clinical outcome at
1 year

The association of eGFR and anemia with clinical
outcomes at 1 year is shown in 7able 4. Similarly, in the
univariate analysis, patients with low eGFR or/and anemia
were associated with poor functional outcome, all-cause
mortality, and any stroke recurrence (all of these results,
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Table 2 The baseline characteristic of eGFR with anemia or non-anemia in patients with ischemic stroke

eGFR <60 mL/min per 1.73 m® eGFR =60 mL/min per 1.73 m®
Variables P value
Anemia (n=317) Non-anemia (n=492) Anemia (n=1,499) Non-anemia (n=5,995)

Age, mean (SD) 75.5+10.6 73.3x10.0 68.0+12.4 63.0+11.8 <0.001
Sex (male), n (%) 141 (44.5) 242 (49.2) 867 (57.8) 3,940 (65.7) <0.001

Vascular risk factors

Diabetes, n (%) 123 (38.8) 122 (24.8) 313 (20.9) 1,241 (20.7) <0.001
Hypertension, n (%) 228 (71.9) 369 (75.0) 885 (59.0) 3,828 (63.9) <0.001
Hyperlipidemia, n (%) 30 (9.5) 67 (13.6) 139 (9.3) 694 (11.6) 0.02

Current smoking, n (%) 85 (26.8) 136 (27.6) 521 (34.8) 2,588 (43.2) <0.001
Heavy drinker, n (%) 10 3.2) 19 (3.9) 104 (6.9) 685 (11.4) <0.001
History of stroke, n (%) 126 (39.8) 205 (41.7) 551 (36.8) 1,896 (31.6) <0.001
Angina/CAD, n (%) 88 (27.8) 113 (23.0) 246 (16.4) 772 (12.9) <0.001
Congestive heart failure, n (%) 21 (6.6) 23 (4.7) 30 (2.0) 80 (1.3) <0.001
A-Fib or Flutter, n (%) 34 (10.7) 84 (17.1) 121 (8.1) 362 (6.0) <0.001
Family history of stroke, n (%) 32 (10.1) 52 (10.6) 159 (10.6) 818 (13.6) 0.002

Clinical features

NIHSS score at admission, median (IQR) 6 [3-12] 7 [3-16] 5[2-10] 4 [2-9] <0.001

Creatinine (mmol/L), mean (SD) 159.6+101.0 167.1+£395.6 74.3+20.8 76.8+19.8 <0.001

Hemoglobin (g/L), mean (SD) 102.1+28.7 150.2+100.3 99.8+38.0 149.2+78.9 <0.001

eGFR 43.3+13.6 47.4+12.4 97.9+41.5 99.7+41.9 <0.001

Fasting glucose (mmol/L), mean (SD) 7.1+2.8 7.4+2.8 6.6+2.3 6.9+2.7 <0.001
TOAST subtypes, n (%) <0.001

Large artery atherosclerosis 127 (40.1) 212 (43.1) 701 (46.8) 2,809 (46.9)

Small artery occlusion 54 (17.0) 63 (12.8) 230 (15.3) 1,029 (17.2)

Cardioembolism 32 (10.1) 60 (12.2) 99 (6.6) 331 (5.5)

Other determined or undetermined 14 (4.4) 11 2.2) 48 (3.2) 234 (3.9)

Missing data 90 (28.4) 146 (29.7) 421 (28.1) 1,592 (26.6)

In-hospital medication, n (%)

Antiplatelet agents 221 (69.7) 305 (62.0) 1,048 (69.9) 4,356 (72.7) <0.001
Anticoagulation agents 67 (21.1) 139 (28.3) 353 (23.6) 1,529 (25.5) 0.05
Statin 123 (38.8) 179 (36.4) 605 (40.4) 2,679 (44.7) 0.001
Hypoglycemic agents 111 (35.0) 131 (26.6) 317 (21.2) 1,329 (22.2) <0.001
Hypertensive agents 174 (54.9) 215 (43.7) 575 (38.4) 2,665 (44.5) <0.001

In-hospital complications, n (%)
Pneumonia 88 (27.8) 125 (25.4) 220 (14.7) 541 (9.0) <0.001
Urinary tract infection 32 (10.1) 49 (10.0) 72 (4.8) 182 (3.0) <0.001

eGFR, estimated glomerular filtration rate; SD, standard deviation; CAD, coronary artery disease; A-Fib, atrial fibrillation; NIHSS, National
Institutes of Health Stroke Scale; IQR, interquartile range; TOAST, Trial of Org 10172 in Acute Stroke Treatment.
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Table 3 Adjusted odds ratios of estimated glomerular filtration rate (¢GFR) with anemia or not for poor outcome at 3 months

Crude Adjusted
Outcome N N of events (%)
Crude OR (95% ClI) P value Adjusted OR' (95% ClI) P value
Poor functional outcome?
None of both 1,774 29.6 1 - 1 -
Anemia with normal eGFR 561 37.4 1.42 (1.26-1.60) <0.001 1.03 (0.89-1.19) 0.68
Low eGFR without anemia 261 53.1 2.69 (2.23-3.24) <0.001 1.14 (0.89-1.45) 0.31
Anemia with low eGFR 171 53.9 2.79 (2.22-3.50) <0.001 1.42 (1.07-1.90) 0.02
All-cause death
None of both 370 6.2 1 - 1 -
Anemia with normal eGFR 129 8.6 1.43 (1.16-1.76) 0.001 0.99 (0.78-1.25) 0.90
Low eGFR without anemia 107 21.8 4.26 (3.33-5.36) <0.001 1.56 (1.16-2.11) 0.004
Anemia with low eGFR 72 22.7 4.47 (3.37-5.94) <0.001 2.34 (1.65-3.32) <0.001
Any stroke recurrence
None of both 622 10.6 1 - 1 -
Anemia with normal eGFR 195 13.3 1.30 (1.09-1.54) 0.003 1.06 (0.88-1.27) 0.56
Low eGFR without anemia 89 18.3 1.90 (1.49-2.43) <0.001 1.04 (0.79-1.36) 0.79
Anemia with low eGFR 67 21.5 2.33 (1.76-3.09) <0.001 1.37 (1.01-1.87) 0.045

T, adjusted for age; sex; medical history of hypertension, diabetes, hyperlipidemia, current smoking, heavy drinking, stroke history,
coronary arterial disease, heart failure, atrial fibrillation, family stroke history, baseline NIHSS score, stroke etiology, fasting glucose, in-
hospital use of antiplatelets, statin, hypoglycemic agents or hypertensive agents, in-hospital pneumonia and urinary tract infection; t, poor

functional outcome denotes modified Rankin scale score 3-6. OR, odds ratio; Cl, confidence interval.

P<0.001), compared to those with normal eGFR and
hemoglobin. After adjusting for age, sex and other potential
confounding factors, low eGFR with normal hemoglobin
merely increased the risk of mortality (aOR =1.50; 95% CI,
1.14-1.97, P=0.004). There was no significant association
between anemia with normal eGFR and any poor outcome.
Patients with low eGFR and anemia were associated with
poor functional outcome (aOR =1.73; 95% CI, 1.30-2.29,
P=0.001), all-cause mortality (aOR =2.64; 95% CI, 1.94-
3.59, P<0.001), and any stroke recurrence (aOR =1.42; 95%
CI, 1.06-1.91, P=0.02). Combined and interactive effects
of the pattern of low eGFR and presence of anemia on the
poor functional outcome (P for interaction =0.02) and all-
cause mortality (P for interaction =0.046) were observed
(Figure 2).

Discussion

In this Chinese national registry cohort study, patients with
low eGFR and anemia were associated with an increased

© Annals of Translational Medicine. All rights reserved.

risk of poor functional outcome, all-cause mortality and any
stroke recurrence after the index stroke at 3 months and
1 year. Furthermore, patients with low eGFR but normal
hemoglobin had increased risks of all-cause mortality at
3 months and 1 year. However, patients with anemia but
normal eGFR were not linked to any of the short- or long-
term adverse endpoints after stroke.

Anemia is a common complication of CKD potentially
due to the deficient erythropoietin (EPO) production (14).
Previous studies draw the inconsistent conclusions on the
association between anemia and stroke outcomes (3,5,15-18).
A cohort study showed anemia was an independent risk
factor for the increased odds of 1-year mortality after the
first-ever stroke (5). However, it included both ischemic
and hemorrhagic stroke, and lacked specific analysis on
the association between anemia and the risk of mortality
in ischemic stroke patients. Another study focused on
recanalized stroke patients and showed that baseline
anemia was linked to an increased risk of poor outcome
and mortality (15), in which only highly selected stroke
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Table 4 Adjusted odds ratios of estimated glomerular filtration rate (¢GFR) with anemia or not for poor outcome at 1 year

Crude Adjusted

Outcome N N of events (%)
Crude OR (95% ClI) P value Adjusted OR' (95% ClI) P value

Poor functional outcome*

None of both 1,697 28.3 1 - 1 -
Anemia with normal eGFR 550 36.7 1.47 (1.30-1.65) <0.001 1.01 (0.87-1.17) 0.87
Low eGFR without anemia 259 52.6 2.82 (2.34-3.39) <0.001 1.07 (0.84-1.37) 0.57
Anemia with low eGFR 187 59.0 3.64 (2.89-4.56) <0.001 1.73 (1.30-2.29) 0.001

All-cause death

None of both 588 9.8 1 - 1 -
Anemia with normal eGFR 229 15.3 1.66 (1.41-1.95) <0.001 1.14 (0.94-1.39) 0.19
Low eGFR without anemia 151 30.7 4.07 (3.30-5.02) <0.001 1.50 (1.14-1.97) 0.004
Anemia with low eGFR 113 35.7 5.09 (3.99-6.51) <0.001 2.64 (1.94-3.59) <0.001

Any stroke recurrence

None of both 876 15.3 1 - 1 -

Anemia with normal eGFR 288 20.3 1.42 (1.22-1.64) <0.001 1.10 (0.94-1.29) 0.23
Low eGFR without anemia 121 28.1 2.18 (1.74-2.72) <0.001 1.14 (0.89-1.47) 0.30
Anemia with low eGFR 91 32.0 2.62 (2.02-3.40) <0.001 1.42 (1.06-1.91) 0.02

T, adjusted for age; sex; medical history of hypertension, diabetes, hyperlipidemia, current smoking, heavy drinking, stroke history,
coronary arterial disease, heart failure, atrial fibrillation, family stroke history, baseline NIHSS score, stroke etiology, fasting glucose, in-
hospital use of antiplatelets, statin, hypoglycemic agents or hypertensive agents, in-hospital pneumonia and urinary tract infection. 1, poor
functional outcome denotes modified Rankin scale score 3-6. OR, odds ratio; Cl, confidence interval.

Outcomes Anemia patients OR (95% ClI) Non-anemia patients OR (95% Cl) I;ti:ﬁ:z?
eGFR <60 vs. eGFR =60 at 3 months Poor functional outcome 1.42 (1.03-1.94) i 1.13 (0.88-1.45) HEH 0.32
All-cause mortality 2.39 (1.62-3.53) —a— 1.55 (1.14-2.12) —a— 0.09
Any stroke recurrence 1.34 (0.95-1.89) —— 1.03 (0.79-1.36) 0.29
eGFR <60 vs. eGFR =60 at 1 year Poor functional outcome 1.76 (1.29-2.40) —a— 1.06 (0.83-1.36) I: 0.02
All-cause mortality 2.24 (1.60-3.15) —a— 1.49 (1.12-1.97) —a— 0.046
Any stroke recurrence 1.29 (0.94-1.77) - 1.13 (0 .88-1.46) HEH 0.54
0.(,):00 2.00 3.00 4.00 0.('):00 2.00 3.00

Figure 2 Adjusted ORs ratios of eGFR levels for poor outcome among ischemic stroke patients with or without anemia’. ', adjusted for age;
sex; medical history of hypertension, diabetes, hyperlipidemia, current smoking, heavy drinking, stroke history, coronary arterial disease,
heart failure, atrial fibrillation, family stroke history; baseline NIHSS score; stroke etiology; fasting glucose; in-hospital use of antiplatelets,
statin, hypoglycemic agents or hypertensive agents; in-hospital pneumonia and urinary tract infection. *, P value for interaction between

eGFR categories and anemia. eGFR, estimated glomerular filtration rate; OR, odds ratio; CI, confidence interval.
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patients treated with thrombolysis or endovascular therapy
were included and without consideration of the status
of the kidney function. Some studies had contrasting
conclusions that failed to identify the association between
anemia and unfavorable outcome after stroke (16-18).
Sharma ez al. documented that neither baseline anemia nor
anemia during hospitalization was related with unfavorable
functional outcome (16). As a retrospective study, it also did
not consider the kidney status and other clinical outcomes.
In our study, only anemia in the lower levels of eGFR was
associated with poor outcome of acute ischemic stroke,
while most of the previous studies did not offer such
stratification. Our study indicates that the kidney function
might play a role in the relationship of anemia and stroke
outcome. It is worth mentioning that anemia was not
further stratified based on the levels of hemoglobin in this
study, which might underestimate the association between
severe anemia in normal eGFR group and poor outcome
after ischemic stroke.

The mechanisms of the association between low
eGFR and anemia with poor outcome after stroke is
insufficiently understood. For patients with chronically low
eGFR, they would have worsening of water and sodium
retention, development of left ventricular hypertrophy, the
exacerbation of heart failure and accelerated atherosclerosis.
The reduced EPO supposed to have a neuronal protective
effect also might aggravate the poor outcomes after stroke
(19-21). Furthermore, the presence of both low eGFR and
anemia may potentially be an indication of severe CKD,
which may have an adverse effect on stroke recovery.

To our knowledge, this is the largest study to date
examining eGFR and anemia post stroke. When eGFR
declined, the prevalence of anemia would increase, especially
when eGFR was below 60 mL./min/1.73 m’. The presence
of anemia was 1% to 9% at eGFR of 30 mL/min/1.73 m’
and was about 67% at eGFR of 15 mL/min/1.73 m* (22). In
our study, the incidence of anemia was increased to about
40% of stroke patients with low eGFR after excluding other
potential etiological factors, such as cancer, GI bleeding,
and liver cirrhosis, etc. In China, the burden of anemia
associated with CKD may be substantial, given the large
number of population with CKD (23). Our observation
suggested that stroke patients with comorbidities of low
e¢GFR and anemia would not have an optimistic outcome.
EPO may be an option to these patients to prevent or
improve their neurological function (24). However, EPO
could increase the risk of thromboembolic events in patients
with chronic heart failure without significant improvement

© Annals of Translational Medicine. All rights reserved.
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in mortality or hospitalization (25). Therefore, more large
studies are needed to further investigate the efficacy and
safety of EPO treatment in CKD patients concomitant with
anemia after stroke onset.

Study limitations

Our study has several limitations. First, our study did not
stratify the severity and the exact causes of anemia. Data
on the work up of anemia was not complete in the dataset.
Severe anemia could affect the outcome of stroke. Second,
it was difficult to determine the exact causes of low eGFR,
from either CKD or acute kidney dysfunction. Third, our
study focused on only Chinese adult patients with stroke
and these results may not be generalizable to patients of
other ethnicities. Lastly, other confounding factors, such as
inflammation or undiagnosed malignancy, could cause both
low eGFR and anemia and increase the risk of poor outcome.

Conclusions

The combination of baseline low eGFR and anemia was a
stronger predictor to short- and long-term poor functional
outcome, all-cause mortality and stroke recurrence in
patients with acute ischemic stroke. Based on this finding,
treatment of kidney insufficiency and correction of anemia
earlier may potentially help to improve the outcome of
patients with ischemic stroke
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