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Abstract
Objective Anaemia is associated with higher mortality
among patients with non-stroke cardiovascular conditions;
less is known regarding the relationship between anaemia
and mortality among patients with acute ischaemic stroke.
Methods Medical records were abstracted for n=3965
veterans from 131 Veterans Health Administration facilities
who were admitted with ischaemic stroke in fiscal year
2007. Haematocrit values within 24 hours of admission
were classified as ≤27%, 28%–32%, 33%–37%, 38%–
42%, 43%–47% or ≥48%. Multivariate logistic regression
was used to examine the relationship between anaemia
and in-hospital, 30-day, 6-month and 1-year mortality,
adjusting for age, medical comorbidities, modified Acute
Physiology and Chronic Health Evaluation-III and stroke
severity. Impact factors were calculated to standardise
comparisons between haematocrit tier and other
covariates.
Results Among n=3750 patients included in the analysis,
the haematocrit values were ≤27% in 2.1% (n=78), 28%–
32% in 6.2% (n=234), 33%–37% in 17.9% (n=670), 38%–
42% in 36.4% (n=1366), 43%–47% in 28.2% (n=1059)
and ≥48% in 9.1% (n=343). Patients with haematocrit
≤27%, compared with patients in the 38%–42% range,
were more likely to have died across all follow-up
intervals, with statistically significant adjusted ORs (aORs)
ranging from 2.5 to 3.5. Patients with polycythaemia (ie,
haematocrit ≥48%) were at increased risk of in-hospital
mortality (aOR=2.9; 95% CI 1.4 to 6.0), compared
with patients with mid-range admission haematocrits.
Pronounced differences between patients receiving and not
receiving blood transfusion limited our ability to perform a
propensity analysis. Impact factors in the 1-year mortality
model were 0.46 (severe anaemia), 0.06 (cancer) and
0.018 (heart disease).
Conclusions Anaemia is independently associated
with an increased risk of death throughout the first year
post stroke; high haematocrit is associated with early
poststroke mortality. Severe anaemia is associated with
1-year mortality to a greater degree than cancer or heart
disease. These data cannot address the question of
whether interventions targeting anaemia might improve
patient outcomes.

Introduction
Anaemia is an independent predictor of
mortality among patients with non-stroke

cardiovascular conditions, such as myocardial
infarction (MI) and congestive heart failure
(CHF).1–3 A relationship between baseline
haematocrit and increased mortality within
the acute ischaemic stroke population has
been reported inconsistently.4–9 Some studies
have found an independent association
between anaemia and mortality,5 7 9–11 whereas
other studies have not confirmed this relationship.4 6 Increased mortality with higher
haematocrits has been described as well,
such that a non-linear, U-shaped relationship
between haematocrit and poststroke mortality
may exist.8 10 11
Patients with medically complex acute
stroke may be especially prone to poor
outcomes in the presence of low or high
haematocrit values, either through conditions
associated with extreme haematocrit levels or
through pathophysiological consequences
of haematocrit abnormalities (including
decreased oxygen delivery, alterations in
blood viscosity and impaired cerebral autoregulation).8 9 12–17 Previous studies examining the relationship between haematocrit
and mortality in ischaemic stroke have variably adjusted for important medical conditions and neurological status that contribute
to mortality.18 Inability to adjust for the
burden of medical illness and stroke severity,
combined with analysing haemoglobin based
on a dichotomous definition of anaemia, may
be responsible for the variable association
between haematocrit and mortality reported
in the literature. More recently, one study
controlled for age, comorbidities and ischaemic stroke subtype, finding that admission
haemoglobin values of less than 12.4 g/dL
(approximately a haemoglobin of 37.2%)19 in
men were associated with increased mortality
throughout the first year post stroke.10 The
authors also noted that further studies were
necessary to understand the potential role
of haemoglobin augmentation interventions
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Methods
Patient population
The VHA Office of Quality Performance and the Veterans
Affairs (VA) Stroke Quality Enhancement Research Initiative collaborated to conduct the first national VHA
study of inpatient stroke quality. The study design and
primary findings are reported elsewhere.20 In brief, VA
administrative data were used to identify a study population of veterans (n=5721) who were admitted to a VA
Medical Center (VAMC) in fiscal year 2007 (FY07) with
a primary diagnosis of acute ischaemic stroke. A sample
of 5000 medical records were selected; these included
all cases from small-volume centres (≤55 patients) and a
random sample of 80% of veterans at high-volume facilities (>55 patients in FY07).20 Patients were excluded if
they were admitted for elective carotid endarterectomy,
for postacute ischaemic stroke rehabilitation or were
already admitted for a non-stroke condition when the
ischaemic stroke occurred, leaving a final sample of
n=3965 veterans from 131 VAMCs for whom full chart
reviews were performed.
In our current analyses, patients were also excluded
when haematocrit laboratory values within 24 hours
of acute stroke admission were unavailable (n=94), or
when we found inconsistent death dates (n=6). Additional exclusions were based on limited sample size and
included women (n=95) and patients who received intravenous tissue plasminogen activator (n=32). The final
analytic sample included 3750 veterans.
Data
Date were collected through retrospective chart review
of medical records using remote electronic record data
only (ie, no paper records were used). Chart reviews
were performed by abstractors from the West Virginia
Medical Institute who were especially trained for the
study. Among the 307 data elements, 90% had an interobserver agreement ≥70% (please refer to online supplementary 1 for a representative sample of select covariates). Data collected for this study included demographic
2

factors, medical comorbidities (eg, medical history,
Charlson Index),21 stroke severity score (as measured
by the retrospective National Institutes of Health Stroke
Scale (NIHSS))22 and admission data (eg, vital signs,
medication, laboratory tests, active medical conditions).
Race/ethnicity data were obtained from the VHA’s
Functional Status and Outcomes Database (FSOD), and
supplemented by the VHA inpatient/outpatient files and
the Centers for Medicare and Medicaid (CMS) if race/
ethnicity was missing in the FSOD.
Independent variable
The primary outcome of interest was all-cause mortality, as
measured from the VA Vital Status File (VSF), containing
dates of deaths from all VA beneficiaries. Death information in the VA VSF originates from a variety of VA
and non-VA sources (eg, CMS). The VA VSF is relatively
complete and accurate when compared with information
contained in the National Death Index.23 We examined
in-hospital, 30-day, 6-month and 1-year mortality.
Primary dependent variable
The primary dependent variable was haematocrit
values within 24 hours of hospital admission, prespecified as an ordinal variable based on prior research (not
involving the ischaemic stroke population) using categories of ≤27% (severe anaemia), 28%–32% (moderate
anaemia), 33%–37% (mild anaemia), 38%–42%
(mid-range; referent), 43%–47% (mid-range) and ≥48%
(polycythaemia).2 Haematocrit was not dichotomised
as anaemia based on the WHO criteria (ie, haemoglobin <13.7 g/dL in men and <12.6 g/dL in women),19
given previously reported non-linear associations between
mortality and anaemia in non-stroke conditions1 2 24 and
ischaemic stroke.6 9 11 We were unable to characterise the
type of anaemia (eg, iron deficiency, anaemia of chronic
disease) with the available data.
Covariates
Potential covariates associated with mortality were
selected a priori based on prior research.9 17 21 25 26 Demographic variables, admission laboratory values (eg, platelet
count), admission vital sign data (eg, oxygen saturation)
and medical comorbidities were considered.21 In addition, the modified Acute Physiology and Chronic Health
Evaluation (APACHE)-III25 (factoring out the contribution of haematocrit) and NIHSS scores were included.22
Statistical analysis
All statistical analyses used SAS V.9.2. We conducted
bivariate analyses to describe the demographic and clinical characteristics of the study sample across each of the
six categories of haematocrit, and we assessed differences
using χ2 tests for categorical variables and analysis of variance tests for continuous variables.
Multivariate logistic regression models were used
to examine the association between haematocrit and
mortality, after adjusting for covariates. A ratio of 10
outcome events per variable was maintained during
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among patients with acute ischaemic stroke presenting
with anaemia.10
We used data from the Veterans Health Administration
(VHA) to determine whether an association between
baseline haematocrit and mortality exists throughout
the first year post acute ischaemic stroke, and to assess
the contribution of low and high haematocrit values to
mortality during this time period, while controlling for
burden of medical comorbidities and stroke severity.
Given that the presence of lower measures of red blood
cell volume was associated with greater mortality in prior
work,1 10 we investigated whether finer tiers of haematocrit were associated with even higher mortality.1 Furthermore, we conducted a propensity analysis to understand
whether receipt of blood transfusion among patients with
anaemic ischaemic stroke affected postevent outcomes.

Open Access

Results
The mean age of n=3750 veterans in the study was 67.9
years, and 67% were white. The distribution of haematocrit categories at admission (table 1) included approximately 2% with severe anaemia (haematocrit ≤27%) and
9% with polycythaemia (haematocrit ≥48%). The bivariate relationship between haematocrit levels and demographic, clinical characteristics and mortality is shown in
tables 1 and 2.
In multivariate logistic regression analyses, both low and
high levels of haematocrit were significantly associated
with mortality. Compared with patients with mid-range
haematocrit levels (38%–42%), patients with severe
anaemia (≤27%) had aORs of 2.5–3.5 for mortality across
all time points; all associations were statistically significant
(table 3). Patients with mild and moderate anaemia also
experienced increased mortality for 6-month and 1-year
outcomes (table 3; figure 1). Mid-range haematocrits of
43%–47% were not associated with increased mortality.
Polycythaemia was associated only with in-hospital
mortality (aOR=2.89; 95% CI 1.39 to 6.00). The C-statistics for the models predicting mortality were excellent
(C-statistic >0.8 for all models). The HLGOF statistics for
all models were non-significant (HLGOF >0.05), indicating that model fit was good. The impact factors for
variables in the 1-year mortality model were as follows:

severe anaemia (0.46), NIHSS (0.23), history of cancer
(0.06) and heart disease (0.018) (online supplementary
2).29
Blood was transfused in n=73 (2.0%) of patients at
admission; n=57 (78.1%) occurred in patients with
haematocrits <38% (table 1). Patients receiving a blood
transfusion were more likely to die during the hospitalisation (17.8% vs 3.3%), at 30 days (32.9% vs 7.3%),
6 months (49.3% vs 13.8%) and 1 year (61.6% vs 18.0%)
(p<0.0001 for all). In conducting a propensity analysis,
given the pronounced differences between patients who
did and those who did not receive blood transfusions, a
stable propensity model could not be developed.
Discussion
After adjusting for relevant medical conditions, measures
of acute severity of disease and burden of chronic medical
comorbidities, and stroke severity, mild and moderate
anaemia were only associated with increased 6-month
and 1-year mortality among men. Severe anaemia was
associated with increased mortality from hospital admission throughout the first year post stroke. Furthermore,
severe anaemia at admission was associated with 1-year
mortality to a similar degree as stroke severity and to a
greater degree than a history of either heart disease or
cancer. Polycythaemia was associated only with in-hospital
mortality, confirming a U-shaped relationship between
measures of red blood cell volume and postischaemic
stroke outcomes.8 10 11
The prevalence of anaemia and the association between
haematocrit and mortality (all-cause and non-cardiovascular) have been described among those with non-stroke
conditions.1–3 Increased in-hospital and 30-day postacute
MI mortality has been reported with worsening degrees
of anaemia.3 Similarly, among patients ≥65 years of age
admitted with CHF, haematocrit ≤27% was associated
with increased 1-year mortality (HR=1.40; 95% CI 1.02 to
1.92)2; this association was largely attributed to the burden
of medical comorbidities, suggesting that anaemia may
be a marker, rather than a prime driver, of increased
mortality in this population.1
The prevalence of WHO-defined anaemia among
patients with ischaemic stroke has ranged from 15% to
25%; the association between haematocrit and mortality
has been variably described.4 7–9 11 During an ischaemic
stroke hospitalisation, admission anaemia has been associated with the combined endpoint of in-hospital mortality
and discharge to hospice in those with NIHSS<10
(aOR=4.14; 95% CI 1.47 to 11.90).9 After adjusting for age,
sex, medical comorbidities, prior disability, NIHSS and
stroke subtype (ie, ischaemic or haemorrhagic), anaemia
has been associated with higher mortality at 1 month
(aOR=1.90; 95% CI 1.05 to 3.43) and 1 year (aOR=1.72;
95% CI 1.00 to 2.93).11 Elsewhere, increased 6-month
poststroke mortality (aOR=4.70; 95% CI 1.1 to 8.2) was
reported after adjusting for age, Scandinavian Stroke
Score and a combined variable of heart failure and/
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model construction.27 28 A p value of <0.05 was used to
demarcate statistical significance. The final multivariate
logistic regression models included confounders selected
a priori and identified in bivariate analyses as important
predictors of mortality. The final mortality models
included age (in 10-year increments), medical history
of heart disease, cancer, chronic obstructive pulmonary disease (COPD), kidney disease requiring dialysis
and atrial fibrillation, and admission hypoxia (oxygen
saturation <90%), pneumonia and thrombocytopaenia
(platelet count <100 cells/mm3),26 modified APACHE-III
(as a measure of acute severity of disease), Charlson
Index (as a measure of chronic disease comorbidity)
and NIHSS (as a measure of stroke severity). No adjustments were made for multiple comparisons. As missing
data were rare, imputations were not made for missing
data. Adjusted ORs (aORs) and 95% CIs are presented.
For each regression model, discrimination (C-statistics) and calibration (Hosmer-Lemeshow goodness of
fit (HLGOF)) statistics were calculated to gauge model
performance and fit, respectively.29 30 Finally, survival
curves were calculated using the Kaplan-Meier method
and were compared using log-rank statistics.
Impact factors were calculated to make a standardised
comparison between each category of haematocrit,
medical comorbidities and NIHSS, and their contribution to mortality throughout the first year post stroke
(online supplementary 2).29 30 To assess the contribution
of blood transfusions on risk of mortality, a propensity
analysis was conducted.
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1.3
12.8

0.6
0.8

Kidney disease requiring dialysis

HIV

12.8

5.1

1.7
7.8

DVT/PE

Dementia
1.6
0.9
1.9

Pneumonia

Acute myocardial infarction

Acute renal failure

Non-stroke admission diagnoses and procedures‡

1.3

1.6

Peptic ulcer disease

7.7

0.0

6.4

10.3

1.3

8.1
1.9

Cancer

Liver disease

0.0

2.6

15.7
1.1

COPD/asthma/bronchitis

1.3

25.4

Kidney disease

0.5

GI/GU bleeding

15.4

8.7
35.9

PAD

Current smoking

1.3
18.0

2.4
12.1

CEA/CAS

6.4

CHF

5.8
5.4

PTCA†

7.7

11.5

37.2

Carotid stenosis

10.7

CABG

30.8

28.5
10.8

CAD

Myocardial infarction

10.3

48.6
10.2

Hyperlipidaemia

Atrial fibrillation

73.1
53.9

79.1
39.9

Hypertension

0.0

28.2

57.7

70.4

≤27%
(n=78)

5.1

0.9

3.9

14.1

3.9

1.3

3.0

18.4

1.3

2.6

4.3

21.4

1.3

22.4

12.0

18.0

3.9

7.3

6.0

13.3

9.8

34.6

13.7

41.5

47.9

80.8

0.9

28.6

62.8

62.8

28%–32%
(n=234)

Admission haematocrit value

Diabetes

29.0
0.8

Prior stroke or TIA

Intracranial haemorrhage

Medical history

67.9
67.4

Age, year (mean, SD)

Overall sample
(n=3750)

Characteristics of patients with ischaemic stroke*

3.1

1.5

3.0

11.2

1.2

1.8

1.9

10.9

1.5

0.5

1.5

17.6

0.9

25.5

9.9

17.2

2.8

6.0

4.6

13.1

12.4

31.9

14.8

47.9

48.2

78.8

1.0

32.8

66.7

66.7

33%–37%
(n=670)

1.3

1.0

1.1

8.0

2.1

1.8

1.8

8.0

0.8

0.7

0.9

16.0

0.4

33.4

8.6

11.1

2.5

5.6

5.8

11.3

10.9

30.3

10.6

52.4

40.4

81.3

0.7

31.8

65.4

65.4

38%–42%
(n=1366)

0.8

0.6

0.7

5.1

0.9

1.3

1.7

5.1

0.4

0.1

0.5

12.8

0.1

42.6

7.5

9.2

2.1

4.7

6.3

9.1

9.8

24.7

6.5

46.9

34.2

76.9

0.8

24.7

70.8

65.5

43%–47%
(n=1059)

1.5

0.9

0.9

4.1

1.8

1.2

2.0

3.8

0.3

0.9

0.6

16.3

0.3

56.3

6.7

10.2

1.2

4.1

6.4

7.6

10.8

22.2

8.5

47.2

30.6

78.1

0.9

24.5

71.7

64.2

≥48%
(n=343)

Continued

<0.0001

0.45

<0.0001

<0.0001

0.0041

0.9154

0.8367

<0.0001

0.0881

0.0030

<0.0001

0.0096

0.0772

<0.0001

0.0293

<0.0001

0.3214

0.4886

0.7729

0.0198

0.6849

<0.0001

<0.0001

0.0025

<0.0001

0.0855

0.9225

0.0003

0.0048

<0.0001

P values

Stroke Vasc Neurol: first published as 10.1136/svn-2018-000149 on 24 April 2018. Downloaded from http://svn.bmj.com/ on 25 May 2018 by guest. Protected by copyright.

4

Race, white

Table 1

Open Access

83.3

5
Sico JJ, et al. Stroke and Vascular Neurology 2017;0:e000149. doi:10.1136/svn-2018-000149
96.7 (2.6)
2.32

Oxygen saturation, % saturation, mean (SD)

Hypoxia (<90%), %

84.4 (39.6)

5.13

96.1 (4.8)

83 (18.4)

139 (28.8)

1.25 (0.5)

6.0 (2.2)

4.70

96.5 (3.1)

78 (15.2)

145 (29.2)

1.35 (1.1)

88.6 (29.3)

149 (74)

3.39 (0.7)

1.86 (1.5)

27.5 (17.2)

8.0 (3.8)

5.6

1.7

12.0

86.3

2.2

82.1

19.7 (12.3)

2.24

96.9 (2.8)

75 (15.8)

146 (28.5)

1.26 (1.1)

93.7 (36.7)

138 (67)

3.52 (0.8)

1.53 (1.0)

23.2 (13.1)

8.2 (6.1)

2.2

1.9

9.4

88.7

5.8

88.7

18.9 (11.5)

5.6 (2.0)

1.0

33%–37%
(n=670)

2.12

96.8 (2.4)

76 (16.4)

152 (28.0)

1.16 (0.8)

93.7 (36.7)

141 (66)

3.79 (0.8)

1.27 (0.7)

19.1 (9.7)

8.3 (3.9)

1.4

0.3

4.3

95.4

6.1

87.6

17.2 (10.10)

4.8 (1.9)

0.7

38%–42%
(n=1366)

1.98

96.7 (2.4)

78 (16.5)

155 (28.6)

1.15 (0.9)

112.6 (37.6)

140 (71)

3.89 (0.8)

1.18 (0.5)

17.2 (7.9)

8.8 (4.2)

0.9

0.5

4.4

95.1

5.7

91.1

16.6 (10.3)

4.2 (1.8)

0.3

43%–47%
(n=1059)

2.04

96.2 (2.5)

81 (17.6)

156 (26.8)

1.21 (1.1)

111.9 (36.6)

138 (67)

3.88 (0.9)

1.21 (0.6)

17.9 (12.0)

9.7 (5.4)

1.8

1.2

2.9

95.9

6.3

88.6

17.0 (8.5)

4.1 (1.9)

0.9

≥48%
(n=343)

0.0917

0.0003

<0.0001

<0.0001

0.0300

<0.0001

0.3138

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.0010

0.0013

<0.0001

<0.0001

<0.0001

P values

Stroke Vasc Neurol: first published as 10.1136/svn-2018-000149 on 24 April 2018. Downloaded from http://svn.bmj.com/ on 25 May 2018 by guest. Protected by copyright.

*Values are expressed as % unless otherwise indicated.
†PTCA, with or without stenting.
‡Represents active medical conditions at time of stroke admission (eg, concomitant stroke and pneumonia).
§Modified APACHE-III calculated without haematocrit values.
APACHE-III, Acute Physiology and Chronic Health Evaluation-III; BUN, blood, urea, nitrogen; CABG, coronary artery bypass graft; CAD, coronary artery disease; CAS, carotid artery
stent; CEA, carotid artery endarterectomy; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DVT/PE, deep venous thrombosis/pulmonary embolism; GI/GU,
gastrointestinal/genitourinary; INR, international normalised ratio; LDL-c, low-density lipoprotein-c; NIHSS, National Institutes of Health Stroke Scale; PAD, peripheral artery disease; PTCA,
percutaneous transluminal coronary angioplasty; SBP, systolic blood pressure; TIA, transient ischaemic attack.

151 (28.2)
77 (16.4)

SBP, mm Hg, mean (SD)

Heart rate, beats/min, mean (SD)

Admission vital signs

105.6 (36.6)
1.19 (0.9)

LDL-c, mg/dL, mean (SD)

INR, mean (SD)

147 (75)

3.27 (0.8)

3.74 (0.8)
140 (68)

Albumin, g/dL, mean (SD)

Serum BUN, mg/dL, mean (SD)

Serum creatinine, mg/dL, mean (SD)

Glucose, mg/dL, mean (SD)

32.1 (22.5)
1.88 (1.9)

20.0 (11.6)
1.33 (0.9)

White blood cell count, cells ×109/L, mean (SD)

6.4
9.7 (11.7)

1.8
8.6 (4.9)

Platelet count <100 109 per liter

Admission laboratory values

12.8

5.8
0.9

 Non-ambulatory

 Unknown

5.1

82.1

93.3

7.3

 Ambulatory

Preambulatory status

88.4
6.0

NIHSS<10

NIHSS (mean, SD)

Stroke severity

5.5 (2.3)
18.7 (17.9)

4.8 (2.0)
17.5 (7.2)

Charlson Index, mean (SD)

Modified APACHE-III, mean (SD)§

7.7

28%–32%
(n=234)

Admission haematocrit value
≤27%
(n=78)
41.0

Overall sample
(n=3750)
2.0

Continued

Blood transfusion during admission

Table 1
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Admission haematocrit value
Overall
sample
(n=3750)

≤27%
(n=78)

28%–32%
(n=234)

33%–37%
(n=670)

38%–42%
(n=1366)

43%–47%
(n=1059)

≥48%
(n=343)

P values

Mortality (%)
In-hospital

3.6

9.0

6.4

4.6

2.7

2.4

5.3

0.0002

30-day

7.8

21.8

14.5

9.3

7.4

4.9

7.3

<0.0001

90-day
1-year

14.5
18.8

35.9
43.6

31.6
38.5

21.5
26.9

12.6
16.9

8.6
12.6

9.6
10.8

<0.0001
<0.0001

Table 3 Association between haematocrit and mortality
In-hospital mortality

30-day mortality

6-month mortality

1-year mortality*

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Age†
Haematocrit (%)

1.63 (1.26 to 2.11)

1.870 (1.56 to 2.25)

1.56 (1.36 to 1.78)

1.47 (1.305 to 1.65)

≤27

3.46 (1.30 to 9.22)

2.47 (1.20 to 5.05)

2.54 (1.39 to 4.63)

2.58 (1.46 to 4.55)

28–32

1.66 (0.75 to 3.67)

1.37 (0.82 to 2.30)

2.19 (1.49 to 3.23)

2.05 (1.43 to 2.95)

33–37

1.67 (0.94 to 3.00)

0.97 (0.65 to 1.45)

1.42 (1.06 to 1.91)

1.30 (1.00 to 1.70)

38–42

1.00

1.00

1.00

1.00

43–47

1.17 (0.63 to 2.16)

0.83 (0.55 to 1.27)

0.84 (0.61 to 1.15)

0.94 (0.72 to 1.23)

2.89 (1.39 to 6.00)

1.17 (0.64 to 2.14)

0.84 (0.51 to 1.39)

0.68 (0.43 to 1.07)

≥48
9

2.92 (1.00 to 8.50)

3.75 (1.69 to 8.31)

2.63 (1.33 to 5.19)

2.40 (1.26 to 4.56)

0.97 (0.82 to 1.14)

1.019 (0.91 to 1.14)

1.17 (1.08 to 1.28)

1.21 (1.12 to 1.31)

Modified APACHE-III‡

1.04 (1.02 to 1.07)

1.04 (1.02 to 1.06)

1.02 (1.01 to 1.04)

1.03 (1.01 to 1.04)

NIHSS

1.13 (1.11 to 1.15)

1.145 (1.12 to 1.16)

1.12 (1.11 to 1.14)

1.11 (1.09 to 1.13)

Atrial fibrillation

1.03 (0.57 to 1.86)

1.13 (0.75 to 1.69)

1.41 (1.04 to 1.92)

1.44 (1.08 to 1.91)

Cancer

2.28 (1.16 to 4.50)

2.06 (1.27 to 3.33)

1.84 (1.27 to 2.67)

1.91 (1.36 to 2.69)

Heart disease§

1.38 (0.87 to 2.18)

1.43 (1.03 to 1.97)

1.07 (0.84 to 1.37)

1.11 (0.89 to 1.38)

COPD/asthma/bronchitis

0.93 (0.52 to 1.66)

1.23 (0.84 to 1.80)

0.95 (0.71 to 1.28)

0.96 (0.74 to 1.26)

Kidney disease requiring
dialysis¶

NA

0.80 (0.23 to 2.77)

0.81 (0.33 to 1.99)

0.80 (0.35 to 1.83)

Oxygen saturation <90%
Pneumonia

1.30 (0.44 to 3.83)
1.54 (0.56 to 4.25)

1.65 (0.72 to 3.82)
3.12 (1.49 to 6.55)

1.66 (0.80 to 3.44)
4.45 (2.27 to 8.90)

1.25 (0.61 to 2.54)
4.27 (2.16 to 8.45)

Platelet count 10

per liter

Charlson Index

*Mortality model discrimination and calibration: in-hospital (C=0.91; HLGOF=0.97); 30-day (C=0.83; HLGOF=0.82); 6-month (C=0.86;
HLGOF=0.73); 1-year (C=0.88; HLGOF=0.43).
†Age, in 10-year increments.
‡Modified APACHE-III calculated without haematocrit values.
§Heart disease is a composite of history of coronary heart disease, myocardial infarction, coronary artery bypass graft surgery, percutaneous
transluminal coronary angioplasty/coronary artery stenting, congestive heart failure, carotid artery stenosis and peripheral artery disease.
¶ORs for kidney disease requiring dialysis could not be generated due to the absence of in-hospital mortality events among patients with this
comorbidity.
APACHE-III, Acute Physiology and Chronic Health Evaluation-III; C, C-statistic; COPD, chronic obstructive pulmonary disease; HLGOF,
Hosmer-Lemeshow goodness of fit; NIHSS, National Institutes of Health Stroke Scale; NA, not available.

or impaired renal function and/or troponin T>0.01
01 µg/L.7 Additional studies have noted that admission
anaemia among patients with first atherosclerosis-related stroke was associated with higher 3-year mortality
(aOR=2.22; 95% CI 1.13 to 4.39) after controlling for
age, coronary artery disease, chronic renal insufficiency
and hyperlipidaemia.5 Others have found that baseline
6

haematocrit was not associated with poststroke mortality;
rather, a decrease in haematocrit value from baseline was
associated with increased mortality (aOR=1.12; 95% CI
1.01 to 1.23; p=0.027).6 More recently, in a sample of 3298
male patients with ischaemic stroke, after controlling
for age, prestroke modified Rankin Scale score, comorbidities, Oxfordshire Community Stroke Project
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Table 2 Haematocrit level and mortality

Open Access

classification and prior antithrombotic use, a haemoglobin less than 12.4 g/dL (approximately a haemoglobin
of 37.2%) was associated with increased odds of death
throughout the first year post stroke.10 In examining
poststroke mortality among patients presenting with
haematocrit values corresponding to a haemoglobin less
than 12.4 g/dL (ie, ≤27%, 28%–32% and 33%–37%), we
report an even greater odds of mortality with the lowest
measures of red blood cell volume.8 10
Higher haematocrit levels have previously been associated with increased stroke risk, especially haematocrits
>45%.10 31 32 Among patients with first ever stroke, the
literature reports that women were more likely than men
to have haematocrits >50% (6.6% vs 2.8%; p<0.0001).
After adjusting for age, vascular risk factors, chronic
atrial fibrillation, the presence of total anterior circulation infarction and haematocrit categories, haematocrits
46%–50% and >50% independently predicted 28-day

7
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Figure 1 Kaplan-Meier curve demonstrating 1-year survival
by admission haematocrit for men with ischaemic stroke.
Tiers of haematocrit include ≤27% (orange) (severe anaemia),
28%–32% (grey) (moderate anaemia), 33%–37% (red) (mild
anaemia), 38%–42% (green) (referent), 43%–47% (blue)
and ≥48% (yellow) (polycythaemia). Severe anaemia was
associated with the highest mortality, beginning during the
index ischaemic stroke hospitalisation, whereas moderate
and mild anaemia were associated with increased mortality
by 6 months after hospital discharge. Polycythaemia
was associated with mortality only during the index
hospitalisation.

mortality in women, but not men.8 Others reported that
patients with ischaemic stroke in the highest haemoglobin quartiles (≥15.3 g/dL in men and ≥14.2 g/dL
in women) had higher 1-month and 1-year mortality
rates than patients in the middle quartiles.11 Elsewhere,
higher inpatient and 1-month mortality was noted among
patients within the highest quintile (≥15.6 g/dL).10 The
authors postulated that higher haemoglobin values could
be seen in dehydration and COPD. In our cohort, admission creatinine and blood/urea/nitrogen were higher
than the normal reference range, possibly reflecting
hypovolaemia at the time of presentation, whereas COPD
occurred more often in patients with lower haematocrits.
Anaemia may reflect the underlying health status of
patients with stroke, given the advanced age and burden
of comorbid illnesses that are seen in patients with stroke
with anaemia compared with patients with more mid-range
(38%–47%) haematocrit. Oxygen delivery to the brain is
optimal at a haematocrit of 40%,33 and mid-range haematocrit has been associated with better stroke outcomes
(eg, discharge to hospice vs inpatient rehabilitation unit;
improved 3-month modified Rankin score).4 6 Across
studies, anaemic poststroke patients with cardiac disease,
malignancy, renal impairment, older age and worse
stroke severity had higher mortality.3 5 7 9 11 Similar to these
studies, we found older age, higher comorbid disease
burden and worse stroke severity occurred commonly
among patients with lower haematocrits. Anaemia may
confer increased mortality risk beyond its association with
medical illness, perhaps through its influence on cerebral
perfusion pressure and flow dynamics both to and within
the ischaemic penumbra.
Based on the current results and the extant literature, it seems prudent to evaluate patients with stroke
for treatable causes of anaemia, and to minimise
hospital-acquired anaemia during an acute ischaemia
stroke admission. From the available data, haemoglobin augmentation strategies cannot be advocated
for poststroke patients at this time.34 While haemoglobin augmentation strategies have been associated
with favourable outcomes in patients with MI and
CHF, in patients with chronic kidney disease, diabetes
and anaemia, darbepoetin alfa administration was
associated with increased stroke risk (5.0% vs 2.6%,
HR: 1.92; 95% CI 1.38 to 2.68, p<0.001).33 Mathematical modelling data support a transfusion threshold of
haematocrit <30% among patients with acute ischaemic
stroke.13 When applying this transfusion threshold to
our cohort, 180 (4.8%) patients would have received
a blood transfusion. However, receipt of blood transfusion during a hospitalisation for acute ischaemic
stroke was neither correlated with improved in-hospital
nor 90-day mortality.35 As there were such pronounced
differences between patients with anaemia who did and
did not receive blood transfusion, a stable propensity
model could not be generated.35 Additional work is
required to evaluate whether interventions that treat
anaemia or polycythaemia reduce poststroke mortality.
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