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Introduction

Several studies have shown that acute ischemic stroke (AIS) pa-

tients with a large vessel occlusion (LVO) of the anterior circu-
lation benefit from endovascular treatment (EVT).1-5 Based on 
these results, EVT has become the standard of care in this pa-
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Background and Purpose Endovascular treatment (EVT) is the preferred treatment option in 
eligible acute ischemic stroke (AIS) patients with a large vessel occlusion of the anterior circulation. 
Several comorbidities have been identified that can affect clinical outcomes. Various studies have 
investigated the association between anemia and clinical outcome and found conflicting results. 
The aim is to investigate the association between pre-EVT anemia and clinical outcomes at 
different time points post-EVT, primarily focusing on the National Institutes of Health Stroke Scale 
(NIHSS) at 24–48 hours.
Methods We prospectively included 560 AIS patients who received EVT in the Maastricht 
University Medical Center+. Hemoglobin levels (Hb; g/dL) were determined on admission. Hb levels 
were also categorized into two groups: anemia (male: Hb ≤12.9 g/dL; female: Hb ≤11.9 g/dL) and 
no anemia. Multiple imputation was used to handle missing data. Multivariable regression was 
used to investigate the association between anemia or Hb levels and clinical outcomes.
Results Anemia was present in 26% of the patients. Multivariable regression did not show a 
significant association between anemia or Hb levels and NIHSS at 24–48 hours (adjusted β [aβ]anemia: 
1.44, 95% confidence interval [CI]: -0.47 to 3.36; aβHb: -0.37, 95% CI: -0.88 to 0.13). However, 
multivariable regression showed significant associations with modified Rankin Scale (adjusted 
common odds ratio [acOR]anemia: 1.66, 95% CI: 1.12 to 2.48; acORHb: 0.83, 95% CI: 0.75 to 0.93) 
and poor functional outcome at 90 days (adjusted OR [aOR]anemia: 2.09, 95% CI: 1.21 to 3.63; 
aORHb: 0.80, 95% CI: 0.69 to 0.92).
Conclusion Anemia was not independently associated with early neurological deficit (NIHSS) post-
AIS, suggesting it is more suitable as a general frailty marker.
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tient population.6

The clinical outcome of EVT can be affected by various co-
morbidities in the patients.7,8 As such, previous studies suggest-
ed that anemia, predominantly caused by iron deficiency, is as-
sociated with increased morbidity and mortality in AIS patients, 
especially in cases of LVO.8-10

Several studies found anemia on admission to be an indepen-
dent predictor for poor clinical outcome post-AIS when treated 
with intravenous thrombolysis, EVT, or a combination of both.11-20 
Conversely, other studies did not find this association.10,21-23 Al-
though a large meta-analysis concluded a positive association 
between anemia on admission and adverse clinical outcomes, 
heterogeneity between the included studies was substantial.9 
Notably, while previous studies used the modified Rankin Scale 
(mRS) at 30 days to 1-year post-AIS as a primary outcome mea-
sure, an association between anemia and earlier outcome mea-
sures has not yet been assessed. It has been suggested that early 
outcome assessment, e.g., by means of the National Institutes 
of Health Stroke Scale (NIHSS) during hospitalization, would be 
more appropriate, as it may be less influenced by other clinical 
factors compared to the mRS and is more useful in practice.24-26 
As up to 40% of AIS patients suffer from anemia, it is relevant 
to further study the relationship between anemia and clinical 
outcomes post-EVT.

Therefore, the aim of this retrospective study was to investi-
gate the association between pre-EVT anemia and clinical out-
comes at different time points post-EVT, with a primary focus 
on the NIHSS at 24–48 hours.

Methods

Ethics statement
The study was conducted in accordance with the Declaration 
of Helsinki. Ethical approval for this study was obtained from 
the ethics committee of the Maastricht University Medical Cen-
ter, Maastricht, The Netherlands (MEC-2020-1456). The need 
for individual patient consent was waived owing to the retro-
spective nature of the study.

Design and study population
This retrospective study used data from the Maastricht Univer-
sity Medical Center+ (MUMC+). Patients who received EVT be-
tween 2010 and 2019 were screened. Patients with an occlu-
sion of the internal carotid artery (ICA), ICA-terminus, or middle 
cerebral artery segment M1 or M2 were included. The exclusion 
criteria were as follows: (1) patients randomized into the MR 
CLEAN MED trial who received trial medication (acetylsalicylic 
acid and/or unfractionated heparin),27 as this could affect the 

clinical outcome; and (2) patients who were included in the MR 
CLEAN LATE trial, as researchers were still blinded for endpoint 
data during the analysis of the current study.

Study parameters
Clinical and procedural parameters were collected from prospec-
tive stroke records. Because a large part of the included patient 
cohort participated in the MR CLEAN trial, MR CLEAN Registry, 
MR CLEAN NO-IV, or MR CLEAN MED, core lab imaging assess-
ments were often readily available.1,27-29 If imaging parameters 
were missing, an experienced neuroradiologist and core lab mem-
ber (A.P.) scored the respective parameters.

Hemoglobin levels (Hb; in g/dL) determined on admission were 
not included in the prospective stroke records and were retro-
spectively collected from patient medical files. Hb levels were 
assessed upon arrival at the emergency department, either in the 
referring center or our center (treating center), before the onset 
of the EVT. If the Hb level was not determined on admission at 
the emergency department, Hb levels assessed in the prior 7 days 
were used. Notably, in the case of major bleeding, Hb levels were 
deemed missing and were therefore imputed. When multiple Hb 
levels were available, the level obtained closest to the EVT was 
used for analyses in the present study. Anemia was defined ac-
cording to the World Health Organization criteria (Hbmale ≤12.9 
g/dL; Hbfemale ≤11.9 g/dL).30,31

The primary outcome was the NIHSS score at 24–48 hours 
post-EVT. Secondary outcomes were the mRS score, poor func-
tional outcome (mRS 3–6), and mortality at 90 days post-EVT. 
The NIHSS and mRS scores were prospectively assessed by trained 
personnel. Specifically, the mRS was assessed during a phone in-
terview at 90 days post-AIS, which is the standard follow-up 
procedure for all stroke patients in the Netherlands. Missing 
follow-up NIHSS scores were, if possible, retrospectively recon-
structed based on the patient’s medical file by a trained research-
er (F.P.). The mRS scores were not retrospectively reconstructed. 
Hence, missing mRS scores were always imputed.

Missing data
In the included cohort, Hb levels were missing in 13% (73/560) 
of the patients. Considering our outcome measures, 5.7% of NI-
HSS scores at 24–48 hours and 4.1% of mRS scores at 90 days 
post-EVT were missing. The missing data percentage in all other 
baseline variables included in the analyses was 4.6%.

Multiple imputation by chained equations (MICE) using the 
mice package version 3.15.0 (https://cran.r-project.org/) was 
used to handle the missing data.32 The imputation model includ-
ed relevant covariates and outcome variables. The number of 
imputations was based on the fraction of missing information.33 
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Statistical analysis
Owing to this study’s explorative and retrospective nature, a 
power calculation was not performed.

Statistical analysis was performed with R version 4.2.2 (R 
Foundation for Statistical Computing, Vienna, Austria). Crude 
data were used to describe baseline patient characteristics, lab-
oratory parameters, and imaging and EVT characteristics of pa-
tients with and without anemia. In addition, a baseline table 
based on the presence/absence of Hb was provided to evaluate 
for potential imbalances. To test for significant differences be-
tween the anemia and no-anemia groups, the chi-square, Fish-
er’s exact, Student’s t, and Mann-Whitney U tests were used as 
appropriate.

Continuous data are presented as means±standard deviation 
or medians with interquartile range (IQR), based on the nature of 
the data. NIHSS scores were analyzed as a continuous variable.

Uni- and multivariable linear, binary logistic, and ordinal re-
gression were used as appropriate to determine the association 
between Hb levels or anemia and outcome variables. Variables 
with P<0.10 in univariable regression analyses were included in 
the multivariable regression. To prevent overfitting of the re-
gression models, the maximum number of confounders was re-
stricted to 10% of the outcomes per outcome variable.34 The 
effect estimates of linear regression are presented per 1 g/dL 
decrease in Hb.

Results

In total, 651 EVT records were screened for eligibility, of which 
560 patients were included for statistical analysis. An inclusion 
flowchart is presented in Figure 1. Baseline characteristics are 
described in Table 1. Anemia was present in 26% of the patients. 
AIS patients suffering from anemia were slightly older with a 

median age of 77 years, compared to 70 years in non-anemic 
AIS patients (P<0.001). In addition, anemia was more common 
in female patient (56%) than in male patients, although not sta-
tistically significant (P=0.469). Median Hb levels of anemic pa-
tients were 11.3 g/dL and 12.1 g/dL for female and male anemic 
patients, respectively. A medical history of cardiovascular risk 
factors was more frequently seen in the anemia group (P=0.011). 
Consequently, patients suffering from anemia were more fre-
quently on antihypertensive (P<0.001), cholesterol-lowering (P= 
0.048), antiplatelet (P=0.007), or anticoagulation medication 
(P=0.011). In addition, as shown in Supplementary Table 1, pa-
tients with a known versus an unknown Hb level were compa-
rable in terms of stroke severity on admission and pre-morbid 
mRS, with only minimal differences in stroke history, the num-
ber of M1 occlusions, and total EVT-attempts.

Association with outcome measures
Effect estimates of the performed regression analyses are pre-
sented in Table 2. In the univariable analysis, both anemia and 
decreased Hb levels were significantly associated with an in-
crease in NIHSS at 24–48 hours post-EVT (βanemia: 2.87, 95% 
confidence interval [CI]: 0.60 to 5.14; βHb: -0.80, 95% CI: -1.37 
to -0.23). However, this was no longer significant in the multi-
variable regression analysis (adjusted [a]βanemia: 1.44, 95% CI: 
-0.47 to 3.36; and aβHb: -0.37, 95% CI:-0.88 to 0.13).

Considering the mRS at 90 days, both anemia and decreasing 
Hb levels were significantly associated with an mRS shift to poorer 
outcomes in the univariable regression analysis (common odds 
ratio [cOR]anemia: 2.01, 95% CI: 1.45 to 3.04; and cORHb: 0.78, 
95% CI: 0.71 to 0.86). This effect remained significant in the 
multivariable regression analysis (adjusted cOR [acOR]anemia: 1.66, 
95% CI: 1.12 to 2.48; and acORHb: 0.83, 95% CI: 0.75 to 0.93). 
In addition, relevant interaction terms were explored and, if sig-
nificant, are reported in the supplemental materials (Supplemen-
tary Tables 2-9). As such, the interaction term of Hb*age is posi-
tively associated with mRS at 90 days (acORHb*age: 0.995, 95% CI: 
0.991–0.999) (Supplementary Table 5).

Likewise, there was a significant association with a poor func-
tional outcome in the univariable analysis (ORanemia: 2.49, 95% 
CI: 1.56 to 3.97; ORHb: 0.76, 95% CI: 0.68 to 0.86). This effect 
remained significant in the multivariable regression analysis 
(aORanemia: 2.09, 95% CI: 1.21 to 3.63; aORHb: 0.80, 95% CI: 0.69 
to 0.92).

Anemia and a decrease in Hb levels were significantly associ-
ated with an increase in mortality at 90 days in the univariable 
regression analysis (ORanemia: 2.30, 95% CI: 1.48 to 3.58; ORHb: 
0.77, 95% CI: 0.69 to 0.87). However, this effect was no longer 
significant in the multivariable regression analysis (aORanemia: 

Endovascular treatment records 
between 2010 and 2019 

(n=651)

Patients in the cohort (n=560)

Not eligible:
•  Posterior stroke (n=36)

Excluded:
•  MR CLEAN MED patients 

that received trial  
medication (n=33)

• MR CLEAN LATE (n=22)

Figure 1. Inclusion flowchart.
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Table 1. Baseline patient characteristics and laboratory parameters based on the presence of anemia (n=487)

No anemia (n=361) Anemia (n=126) P

Baseline patient characteristics

Age (yr) 70 (62–80) 77 (69–84) <0.001*

Female sex 186 (52) 70 (56) 0.469

Smoking 91 (32) 23 (26) 0.356

History of cardiovascular risk factors
Previous hypertension
Previous hypercholesterolemia
Previous atrial fibrillation

174 (48)
79 (22)
71 (20)

76 (60)
42 (33)
28 (22)

0.011*

History of stroke
Previous ischemic stroke
Previous intracranial hemorrhage

45 (13)
3 (1)

19 (16)
2 (2)

0.294

Antihypertensive medication 192 (53) 89 (70) <0.001*

Cholesterol-lowering medication (statins) 119 (33) 54 (43) 0.048

Antiplatelet medication 115 (32) 57 (45) 0.007*

Anticoagulation medication
DOACs
Coumarins
Heparins

18 (5)
25 (7)
6 (2)

8 (6)
15 (13)
8 (6)

0.011*

Systolic blood pressure on admission (mm Hg) 150 (132–167) 150 (134–170) 0.486

Stroke severity (NIHSS) on admission 15 (9–18) 15 (11–19) 0.280

Modified Rankin Scale on admission ≥3 38 (11) 30 (24) <0.001*

Intravenous thrombolysis 271 (75) 87 (69) 0.198

Baseline laboratory parameters

Hb on admission (g/dL)
Male
Female

14.5 (13.9–15.5)
13.5 (12.7–14.3)

12.1 (11.3–12.6)
11.3 (10.5–11.8)

<0.001*
<0.001*

Hematocrit (%) 0.42 (0.38–0.44) 0.35 (0.33–0.37) <0.001*

Thrombocyte count (×103) 235 (198–282) 245 (195–304) 0.244

Serum glucose on admission (mmol/L) 6.8 (6.0–8.5) 7.2 (6.1–8.5) 0.179

Serum creatinine on admission (µmol/L) 84.0 (71.0–99.0) 88.0 (69.3–123.3) 0.058

Serum CRP on admission (mg/L) 4.0 (2.0–9.0) 10.5 (3.8–47.3) <0.001*

Imaging and endovascular therapy characteristics

ASPECTS on admission 9 (7–10) 9 (8–10) 0.143

Poor collaterals (≤50%) on admission 112 (33) 36 (31) 0.732

Occluded segment
ICA-top
ICA
M1
M2

47 (13)
28 (8)

221 (61)
65 (18) 

18 (14)
10 (8)
71 (56)
27 (21)

0.786

Total attempts 2 (1–3) 2 (1–4) 0.816

Intervention complication(s)
Spasm(s)
Dissection
Perforation
Distal thrombus in the same vascular territory
Embolus in a new vascular territory

29 (8)
16 (4)
8 (2)

52 (14)
18 (5)

4 (3)
2 (1)
4 (3)

22 (17)
6 (5)

0.817

Recanalization (eTICI score 2B–3) 243 (68) 85 (67) 0.912

Duration of EVT (min) 54 (30–83) 65 (28–87) 0.472

Values are presented as median (interquartile range) or n (%).
n, number; DOACs, direct oral anticoagulants; NIHSS, National Institutes of Health Stroke Scale; Hb, hemoglobin; CRP, C-reactive protein; ASPECTS, Alberta 
Stroke Program Early CT Score; ICA, internal carotid artery; eTICI, expanded treatment in cerebral ischemia; EVT, endovascular treatment.
*Statistical significance.
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1.53, 95% CI: 0.88 to 2.66; aORHb: 0.86, 95% CI: 0.74 to 1.01).
Lastly, a sensitivity analysis with unimputed hemoglobin lev-

els (i.e., a dataset containing 487/560 patients) is presented in 
Supplementary Table 10 and showed similar results as compared 
to the analyses with the imputed dataset.

Discussion

In this study, we aimed to identify an association between pre-
EVT anemia and clinical outcomes in AIS patients with an LVO 
of the anterior circulation. Our main findings were that, in mul-
tivariable regression analysis, both anemia and Hb levels were 
significantly associated with the mRS and poor functional out-
come at 90 days, but not with the NIHSS at 24–48 hours or mor-
tality at 90 days. 

Unlike other studies with a similar research question, we used 
the NIHSS at 24–48 hours as our primary outcome measure. As 
the presence of anemia is often accompanied by other comor-
bidities,35-39 the true effect of anemia on clinical outcome may 
be masked when using only long-term outcome measures.24,25 
Additionally, non-specific functional outcome measures (i.e., mRS 
or the Barthel Index), which are assessed after a typical recov-
ery period of 90 days, might not accurately represent the rela-
tionship between anemia and neurological deficit immediately 
after AIS.24,25 However, anemia and decreased Hb levels were not 
significantly associated with the NIHSS at 24–48 hours in our 
multivariable analyses, which may suggest that anemia is more 
suitable as a general frailty marker rather than as a marker for 
neurological deficit immediately post-AIS. This hypothesis is 
supported by the finding that the presence of anemia and lower 
Hb levels were significantly associated with advanced age and 
the presence of comorbidities in the present study. Additionally, 
Supplementary Table 5 shows that there is a significant effect 

of age on the association between Hb and mRS at 90 days. Note-
worthy, the cOR of the interaction was 0.995, indicating that 
this effect decreased with increasing age, presumably due to 
the inverse relationship between age and Hb level. Nevertheless, 
this effect is minimal and has questionable clinical relevance and 
is therefore only shown in the supplemental materials (Supple-
mentary Table 5). However, given the retrospective nature of 
the present study, we did not evaluate frailty in a specific way. 
Therefore, this hypothesis has to be interpreted with caution.

Previous literature has suggested that anemic patients, who 
likely also suffer from additional comorbidities, already have 
impaired cerebral autoregulation before stroke onset.40 Addition-
ally, a previous study proposes that during stroke, the cerebral 
oxygen uptake in the penumbral region progressively decreases 
with Hb levels below 10.0 g/dL. Consequently, one could reason 
that it might be more difficult to tolerate hypoxic/ischemic events 
in the presence of anemia with additional comorbidities com-
pared to AIS patients without anemia and other comorbidities.10

Besides the NIHSS at 24–48 hours, we investigated the asso-
ciation between anemia or lower Hb levels and poor functional 
outcome or mortality at 90 days. We found a significant asso-
ciation between the presence of anemia or decreased Hb levels 
and poor functional outcome, but not with mortality. These re-
sults are in line with previous studies.14,15 Of note, one study only 
found this association in patients with moderate (Hb <10.0 g/dL 
for both sexes) to severe anemia (Hb <8.0 g/dL for both sexes).10 
Our study population included only few patients suffering from 
moderate to severe anemia, rendering subgroups too small for 
statistical analysis with adequate power. Notably, approximately 
55% of the patients included in the previously mentioned co-
hort suffered from mild anemia, while this proportion was roughly 
67% in our cohort. Interestingly, since this previously mentioned 
study only included 90 anemic patients in total, it could be pos-

Table 2. Results of multivariable regression analyses

Outcome measures EE
Anemia Hemoglobin (g/dL)

Unadjusted (95% CI) P Adjusted (95% CI) P Unadjusted (95% CI) P Adjusted (95% CI) P

NIHSS at 24-48 hours† β 2.87 (0.60 to 5.14) 0.013* 1.44 (-0.47 to 3.36) 0.139 -0.80 (-1.37 to -0.23) 0.006* -0.37 (-0.88 to 0.13) 0.149

mRS at 90 days‡ cOR 2.01 (1.45 to 3.04) <0.001* 1.66 (1.12 to 2.48) 0.012* 0.78 (0.71 to 0.86) <0.001* 0.83 (0.75 to 0.93) <0.001*

mRS 3–6 at 90 days‡ OR 2.49 (1.56 to 3.97) <0.001* 2.09 (1.21 to 3.63) 0.009* 0.76 (0.68 to 0.86) <0.001* 0.80 (0.69 to 0.92) 0.001*

Mortality at 90 days§ OR 2.30 (1.48 to 3.58) <0.001* 1.53 (0.88 to 2.66) 0.130 0.77 (0.69 to 0.87) <0.001* 0.86 (0.74 to 1.01) 0.059

NIHSS, National Institutes of Health Stroke Scale; mRS, modified Ranking Scale; EE, effect estimate; CI, confidence interval; OR, odds ratio; cOR, common 
odds ratio; ASPECTS, Alberta Stroke Program Early CT Score; EVT, endovascular treatment; CRP, C-reactive protein.
*Statistical significance; †Adjustments: age, use of antithrombotic medication, stroke severity (NIHSS) on admission, intravenous thrombolysis, glucose level on 
admission, ASPECTS score at baseline, poor collaterals, occlusion segment, total EVT-attempts, intervention complications, recanalization, duration of EVT, 
presence of anemia or hemoglobin level; ‡Adjustments: age, history of cardiovascular risk factors, history of stroke, use of antithrombotic medication, systolic 
blood pressure, stroke severity (NIHSS) on admission, intravenous thrombolysis, glucose level on admission, ASPECTS score on admission, poor collaterals, oc-
clusion segment, total EVT-attempts, recanalization, duration of EVT, presence of anemia or hemoglobin level; §Adjustments: age, history of cardiovascular risk 
factors, history of stroke, use of antithrombotic medication, stroke severity (NIHSS) on admission, glucose level on admission, creatinine level on admission, 
CRP level on admission, poor collaterals, occlusion segment, total EVT-attempts, recanalization, duration of EVT, presence of anemia or hemoglobin level.
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sible that there was not enough power to detect an association 
with mild anemia. Markedly, during the clinical follow-up, the 
aforementioned study performed restrictive red blood cell trans-
fusion (RBCT), i.e., RBCT in patients with Hb levels <8.0 g/dL. 
Our center does not routinely provide RBCT in this patient pop-
ulation as the optimal RBCT strategy and threshold in AIS pa-
tients is still under debate.41,42

While previous studies demonstrated a significant association 
between anemia and mortality at 90 days, our present study 
found no such effect.12,14,15 Possible explanations for this unex-
pected result could be differences between study populations, 
i.e., mean population age, baseline NIHSS score, and correction 
for different confounders.

Several limitations have to be addressed. Firstly, the small sam-
ple sizes in the moderate to severe anemia subgroups did not 
allow for subgroup analysis on this subject. Secondly, although 
this study used prospectively collected data, Hb levels were 
collected retrospectively. In addition, it was not possible to de-
termine the etiology (e.g., nutritional status) of anemia/low Hb. 
Consequently, we did not distinguish between different types 
of anemia (e.g., iron deficient anemia, vitamin deficient ane-
mia, and hemolytic anemia) and had no information regarding 
the underlying cause of anemia, which can affect functional de-
pendence and mortality.36 In that line, anemic patients had sig-
nificantly higher C-reactive protein levels than that in non-ane-
mic patients (Table 1). Unfortunately, owing to the retrospective 
nature of the present study, we were unable to collect informa-
tion regarding comorbidities other than cardiovascular risk fac-
tors and corresponding medication. Thirdly, though we had a 
very extensive clinical dataset it is possible that we did not ad-
just for all relevant confounders (e.g., computed tomography 
perfusion parameters).

Despite these limitations, there are several strengths of this 
study. First, our dataset was larger compared to that in other 
studies.8,14,23 Second, while the majority of the studies on this 
topic use the mRS and/or mortality as a primary outcome mea-
sure, we used a neurological deficit score (NIHSS) early post-EVT 
as a primary outcome measure as it may be less influenced by 
other clinical factors.24,25 Lastly, we used a multiple imputation 
strategy to handle missing data in both the dependent and inde-
pendent variables. In addition, we performed a sensitivity anal-
ysis with unimputed hemoglobin data (i.e., data from 487 pa-
tients of whom a hemoglobin level was available upon hospital 
admission) and found no discrepancies as compared with the 
imputed data analysis, showing no biases introduced by the im-
putation strategy (Supplementary Table 10).

Conclusions

Anemia was found to be significantly associated with clinical 
outcomes at 90 days post-EVT in patients with an LVO of the 
anterior circulation. Given the fact we did not observe an asso-
ciation with the NIHSS at 24–28 hours post-EVT, it seems more 
likely that anemia is a marker for frailty rather than an early 
neurological outcome marker after AIS.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2023.01669.
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Supplementary Table 1. Baseline patient characteristics and laboratory parameters based on the presence of hemoglobin levels (n=560)

Hemoglobin level present (n=487) Hemoglobin level missing (n=73) P

Baseline patient characteristics

Age (yr) 72 (63–81) 74 (66–82) 0.134

Female sex 256 (53) 38 (52) 0.935

Smoking 114 (30) 19 (41) 0.133

History of cardiovascular risk factors
Previous hypertension
Previous hypercholesterolemia
Previous atrial fibrillation

250 (51)
121 (25)
99 (20)

39 (53)
19 (26)
17 (23)

0.845

History of stroke
Previous ischemic stroke
Previous intracranial hemorrhage

65 (13)
5 (1)

14 (19)
3 (4)

0.033*

Antihypertensive medication 281 (58) 40 (55) 0.626

Cholesterol-lowering medication (statins) 173 (36) 30 (41) 0.362

Antiplatelet medication 172 (35) 25 (34) 0.858

Anticoagulation medication
DOACs
Coumarins
Heparins

26 (5)
39 (8)
14 (3)

2 (3)
7 (10)
1 (1)

0.733

Systolic blood pressure on admission (mm Hg) 150 (133–168) 149 (133–170) 0.910

Stroke severity (NIHSS) on admission 15 (10–18) 16 (11–19) 0.455

Modified Rankin Scale on admission ≥3 68 (14) 14 (19) 0.240

Intravenous thrombolysis 358 (75) 58 (80) 0.279

Baseline laboratory parameters

Hb on admission (g/dL)
Male
Female

14.0 (13.0–15.0)
12.9 (11.8–14.0)

NA
NA

NA
NA

Hematocrit (%) 0.40 (0.38–0.43) NA NA

Thrombocyte count (×103) 236 (198–285) 241 (199–297) 0.802

Serum glucose levels (mmol/L) 6.9 (6.0–8.5) 6.6 (6.0–8.1) 0.330

Serum creatinine levels (μmol/L) 85.0 (71.0–105.5) 80.0 (71.0–98.0) 0.587

Serum CRP levels (mg/L) 5.0 (2.0–12.0) 4.0 (2.0–12.0) 0.926

Imaging and endovascular therapy characteristics

ASPECTS on admission 9 (8–10) 9 (8–10) 0.605

Poor collaterals (≤50%) on admission 148 (33) 29 (41) 0.172

Occluded segment
ICA-top
ICA
M1
M2

65 (13)
38 (8)

292 (60)
92 (19) 

5 (19)
7 (10)

31 (42)
21 (29)

0.042*

Total attempts 2 (1–3) 1 (1–3) 0.018*

Intervention complication(s)
Spasm(s)
Dissection
Perforation
Distal thrombus in the same vascular territory
Embolus in new vascular territory

33 (7)
18 (4)
12 (2)
74 (15)
24 (5)

5 (7)
3 (4)
2 (3)
8 (11)
5 (7)

0.811

Recanalization (eTICI score 2B–3) 328 (68) 44 (60) 0.196

Duration of EVT (min) 55 (30–84) 48 (30–79) 0.512

Values are presented as median (interquartile range) or n (%).
n, number; DOACs, direct oral anticoagulants; NIHSS, National Institutes of Health Stroke Scale; Hb, hemoglobin; CRP, C-reactive protein; ASPECTS, Alberta 
Stroke Program Early CT Score; ICA, internal carotid artery; eTICI, expanded treatment in cerebral ischemia; EVT, endovascular treatment.
*Statistical significance.
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Supplementary Table 2. Model output of linear regression analysis for the 
association between anemia and NIHSS at 24-48 hours

Independent variables Adjusted β (95% CI) P

Age (yr) 0.08 (0.01 to 0.14) 0.019*

Use of antithrombotic medication 0.89 (-0.76 to 2.55) 0.288

Stroke severity (NIHSS) on admission 0.53 (0.40 to 0.66) <0.001*

Intravenous thrombolysis -0.35 (-2.17 to 1.48) 0.709

Serum glucose on admission (mmol/L) 0.35 (0.06 to 0.64) 0.017*

ASPECTS on admission -0.37 (-0.85 to 0.11) 0.129

Poor collaterals (≤50%) on admission -2.14 (-3.90 to -0.38) 0.017*

Occlusion segment: (ICA=ref)

ICA-Top

M1 segment

M2 segment

-3.73 (-7.06 to -0.39)

-4.46 (-7.39 to -1.54)

-4.03 (-7.36 to -0.70)

0.029*

0.003*

0.018*

Total EVT-attempts 0.40 (-0.07 to 0.88) 0.097

Intervention complications 0.17 (-1.58 to 1.93) 0.848

Recanalization -4.92 (-6.57 to -3. 27) <0.001*

Duration of EVT (min) 0.05 (0.03 to 0.08) <0.001*

Presence of anemia 1.44 (-0.47 to 3.36) 0.139

CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; 
ASPECTS, Alberta Stroke Program Early CT Score; ICA, internal carotid ar-
tery; EVT, endovascular treatment.
*Statistical significance.

Supplementary Table 3. Model output of linear regression analysis for the 
association between hemoglobin level on admission and NIHSS at 24-48 
hours

Independent variables Adjusted β (95% CI) P

Age (yr) 0.07 (0.00 to 0.13) 0.044*

Use of antithrombotic medication 0.88 (-0.77 to 2.54) 0.293

Stroke severity (NIHSS) on admission 0.53 (0.40 to 0.65) <0.001*

Intravenous thrombolysis -0.30 (-2.12 to 1.52) 0.748

Serum glucose on admission (mmol/L) 0.37 (0.08 to 0.66) 0.012*

ASPECTS on admission -0.38 (-0.85 to 0.10) 0.124

Poor collaterals (≤50%) on admission -2.26 (-4.02 to -0.49) 0.012*

Occlusion segment: (ICA=ref)

ICA-Top

M1 segment

M2 segment

-3.71 (-7.05 to -0.38)

-4.44 (-7.37 to -1.51)

-3.97 (-7.30 to -0.65)

0.029*

0.003*

0.019*

Total EVT-attempts 0.39 (-0.08 to 0.87) 0.104

Intervention complications 0.21 (-1.54 to 1.96) 0.814

Recanalization -4.86 (-6.51 to -3.21) <0.001*

Duration of EVT (min) 0.05 (0.03 to 0.08) <0.001*

Hemoglobin on admission (g/dL) -0.43 (-0.92 to 0.06) 0.089

NIHSS, National Institutes of Health Stroke Scale; CI, confidence inter-
val; ASPECTS, Alberta Stroke Program Early CT Score; ICA, internal ca-
rotid artery; EVT, endovascular treatment.
*Statistical significance.

Supplementary Table 4. Model output of ordinal logistic regression 
analysis for the association between anemia and mRS at 90 days

Independent variables Adjusted cOR (95% CI) P

Age (yr) 1.04 (1.02 to 1.05) <0.001*

History of cardiovascular risk factors 1.08 (0.75 to 1.57) 0.669

History of stroke 1.85 (1.16 to 2.94) 0.009*

Use of antithrombotic medication 1.08 (0.74 to 1.60) 0.680

Systolic blood pressure 1.00 (0.99 to 1.00) 0.720

Stroke severity (NIHSS) on admission 1.09 (1.06 to 1.12) <0.001*

Intravenous thrombolysis 0.71 (0.49 to 1.04) 0.079

Serum glucose on admission (mmol/L) 1.09 (1.03 to 1.16) 0.006*

ASPECTS on admission 0.96 (0.88 to 1.05) 0.376

Poor collaterals (≤50%) on admission 0.53 (0.37 to 0.76) <0.001*

Occlusion segment: (ICA=ref)

ICA-Top

M1 segment

M2 segment

1.06 (0.51 to 2.19)

0.78 (0.42 to 1.47)

0.62 (0.30 to 1.26)

0.875

0.442

0.187

Total EVT-attempts 1.03 (0.94 to 1.14) 0.502

Recanalization 0.46 (0.33 to 0.65) <0.001*

Duration of EVT (min) 1.01 (1.00 to 1.02) <0.001*

Presence of anemia 1.66 (1.12 to 2.48) 0.012*

mRS, modified Rankin Scale; cOR, common odds ratio; CI, confidence inter-
val; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta 
Stroke Program Early CT Score; ICA, internal carotid artery; EVT, endovascu-
lar treatment.
*Statistical significance.
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Supplementary Table 5. Model output of ordinal logistic regression anal-
ysis for the association between hemoglobin level on admission and mRS 
at 90 days

Independent variables Adjusted cOR (95% CI) P

Age (yr) 1.03 (1.02 to 1.04) <0.001*

History of cardiovascular risk factors 1.03 (0.71 to 1.50) 0.861

History of stroke 1.85 (1.16 to 2.93) 0.009*

Use of antithrombotic medication 1.10 (0.75 to 1.63) 0.618

Systolic blood pressure 1.00 (1.00 to 1.01) 0.513

Stroke severity (NIHSS) on admission 1.09 (1.06 to 1.12) <0.001*

Intravenous thrombolysis 0.74 (0.51 to 1.08) 0.192

Serum glucose on admission (mmol/L) 1.10 (1.03 to 1.17) 0.003*

ASPECTS on admission 0.96 (0.87 to 1.05) 0.357

Poor collaterals (≤50%) on admission 0.50 (0.35 to 0.71) <0.001*

Occlusion segment: (ICA=ref)

ICA-Top

M1 segment

M2 segment

1.07 (0.52 to 2.22)

0.79 (0.42 to 1.48)

0.64 (0.31 to 1.29)

0.846

0.468

0.211

Total EVT-attempts 1.03 (0.93 to 1.13) 0.608

Recanalization 0.47 (0.33 to 0.67) <0.001*

Duration of EVT (min) 1.01 (1.01 to 1.02) <0.001*

Hemoglobin level on admission 0.83 (0.75 to 0.93) <0.001*

Hemoglobin on admission*age (g/dL) 0.995 (0.991 to 0.999) 0.016*

mRS, modified Rankin Scale; cOR, common odds ratio; CI, confidence inter-
val; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta 
Stroke Program Early CT Score; ICA, internal carotid artery; EVT, endovascu-
lar treatment.
*Statistical significance.

Supplementary Table 6. Model output of binary logistic regression analy-
sis for the association between anemia and mRS 3–6 at 90 days

Independent variables Adjusted OR (95% CI) P

Age (yr) 1.05 (1.03 to 1.08) 0.003*

History of cardiovascular risk factors 1.07 (0.66 to 1.76) 0.779

History of stroke 2.65 (1.32 to 5.34) 0.006*

Use of antithrombotic medication 0.98 (0.59 to 1.64) 0.941

Systolic blood pressure 1.00 (0.99 to 1.01) 0.626

Stroke severity (NIHSS) on admission 1.09 (1.05 to 1.13) <0.001*

Intravenous thrombolysis 0.57 (0.33 to 0.97) 0.037*

Serum glucose on admission (mmol/L) 1.09 (0.99 to 1.19) 0.076

ASPECTS on admission 0.91 (0.80 to 1.04) 0.161

Poor collaterals (≤50%) on admission 0.52 (0.32 to 0.84) 0.008*

Occlusion segment: (ICA=ref)

ICA-Top

M1 segment

M2 segment

1.07 (0.38 to 2.98)

0.57 (0.24 to 1.36)

0.47 (0.18 to 1.24)

0.896

0.204

0.128

Total EVT-attempts 1.05 (0.92 to 1.21) 0.461

Recanalization 0.32 (0.19 to 0.52) <0.001*

Duration of EVT (min) 1.01 (1.00 to 1.02) 0.007*

Presence of anemia 2.09 (1.21 to 3.63) 0.009*

mRS, modified Rankin Scale; OR, odds ratio; CI, confidence interval; NIHSS, 
National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program 
Early CT Score; ICA, internal carotid artery; EVT, endovascular treatment.
*Statistical significance.
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Supplementary Table 7. Model output of binary logistic regression analy-
sis for the association between hemoglobin level on admission and mRS 3–6 
at 90 days

Independent variables Adjusted OR (95% CI) P

Age (yr) 1.05 (1.03 to 1.07) <0.001*

History of cardiovascular risk factors 1.01 (0.62 to 1.66) 0.963

History of stroke 2.65 (1.32 to 5.34) 0.006*

Use of antithrombotic medication 1.00 (0.60 to 1.68) 0.990

Systolic blood pressure 1.00 (0.99 to 1.01) 0.498

Stroke severity (NIHSS) on admission 1.09 (1.05 to 1.13) <0.001*

Intravenous thrombolysis 0.58 (0.34 to 0.99) 0.046*

Serum glucose on admission (mmol/L) 1.10 (1.00 to 1.20) 0.050

ASPECTS on admission 0.91 (0.79 to 1.03) 0.143

Poor collaterals (≤50%) on admission 0.47 (0.29 to 0.78) 0.003*

Occlusion segment: (ICA=ref)

ICA-Top

M1 segment

M2 segment

1.08 (0.39 to 3.01)

0.57 (0.24 to 1.36)

0.48 (0.18 to 1.27)

0.877

0.203

0.140

Total EVT-attempts 1.05 (0.91 to 1.21) 0.496

Recanalization 0.32 (0.20 to 0.53) <0.001*

Duration of EVT (min) 1.01 (1.00 to 1.02) 0.008*

Hemoglobin on admission (g/dL) 0.80 (0.69 to 0.92) 0.001*

mRS, modified Rankin Scale; OR, odds ratio; CI, confidence interval; NIHSS, 
National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program 
Early CT Score; ICA, internal carotid artery; EVT, endovascular treatment.
*Statistical significance.

Supplementary Table 8. Model output of binary logistic regression analy-
sis for the association between anemia and mortality at 90 days

Independent variables Adjusted OR (95% CI) P

Age (yr) 1.06 (1.04 to 1.09) <0.001*

History of cardiovascular risk factors 0.94 (0.54 to 1.63) 0.823

History of stroke 1.46 (0.80 to 2.72) 0.238

Use of antithrombotic medication 1.08 (0.64 to 1.84) 0.769

Stroke severity (NIHSS) on admission 1.11 (1.06 to 1.15) <0.001*

Serum glucose on admission (mmol/L) 1.11 (1.03 to 1.21) 0.010*

Serum creatinine on admission (µmol/L) 1.00 (1.00 to 1.01) 0.058

Serum CRP on admission (mg/L) 1.01 (1.00 to 1.02) 0.014*

Poor collaterals (≤50%) on admission 0.53 (0.32 to 0.87) 0.012*

Occlusion segment: (ICA=ref)

ICA-Top

M1 segment

M2 segment

0.90 (0.35 to 2.33)

0.57 (0.24 to 1.33)

0.46 (0.17 to 1.22)

0.823

0.191

0.118

Total EVT-attempts 1.04 (0.91 to 1.18) 0.602

Recanalization 0.40 (0.25 to 0.67) <0.001*

Duration of EVT (min) 1.01 (1.00 to 1.02) 0.011*

Presence of anemia 1.53 (0.88 to 2.66) 0.130

OR, odds ratio; CI, confidence interval; NIHSS, National Institutes of Health 
Stroke Scale; CRP, C-reactive protein; ICA, internal carotid artery; EVT, en-
dovascular treatment.
*Statistical significance.

Supplementary Table 9. Model output of binary logistic regression analy-
sis for the association between hemoglobin level on admission and mortal-
ity at 90 days

Independent variables Adjusted OR (95% CI) P

Age (yr) 1.06 (1.04 to 1.09) <0.001*

History of cardiovascular risk factors 0.91 (0.52 to 1.59) 0.738

History of stroke 1.44 (0.77 to 2.70) 0.250

Use of antithrombotic medication 1.08 (0.64 to 1.84) 0.769

Stroke severity (NIHSS) on admission 1.10 (1.06 to 1.15) <0.001*

Serum glucose (mmol/L) on admission 1.12 (1.03 to 1.22) 0.006*

Serum creatinine (µmol/L) on admission 1.00 (1.00 to 1.01) 0.056

Serum CRP (mg/L) on admission 1.00 (1.00 to 1.02) 0.026*

Poor collaterals (≤50%) on admission 0.50 (0.31 to 0.83) 0.008*

Occlusion segment: (ICA=ref)

ICA-Top

M1 segment

M2 segment

0.91 (0.35 to 2.38)

0.58 (0.25 to 1.37)

0.46 (0.17 to 1.23)

0.848

0.215

0.122

Total EVT-attempts 1.03 (0.91 to 1.18) 0.620

Recanalization 0.41 (0.25 to 0.68) <0.001*

Duration of EVT (min) 1.01 (1.00 to 1.02) 0.013*

Hemoglobin (g/dL) on admission 0.86 (0.74 to 1.0) 0.059

OR, odds ratio; CI, confidence interval; NIHSS, National Institutes of Health 
Stroke Scale; CRP, C-reactive protein; ICA, internal carotid artery; EVT, en-
dovascular treatment.
*Statistical significance.
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Supplementary Table 10. Sensitivity analyses without imputed hemoglobin values

Outcome measures EE
Anemia Hemoglobin (g/dL)

Unadjusted (95% CI) P Adjusted (95% CI) P Unadjusted (95% CI) P Adjusted (95% CI) P

NIHSS at 24-48 hours† β 2.93 (0.73 to 5.14) 0.013* 1.44 (-0.47 to 3.36) 0.138 -0.81 (-1.37 to -0.25) 0.006* -0.40 (-0.90 to 0.10) 0.117

mRS at 90 days‡ cOR 2.01 (1.41 to 2.96) <0.001* 1.62 (1.08 to 2.42) 0.019* 0.79 (0.72 to 0.87) <0.001* 0.84 (0.76 to 0.94) 0.002*

mRS 3–6 at 90 days‡ OR 2.45 (1.52 to 3.95) <0.001* 2.11 (1.19 to 3.75) 0.011* 0.77 (0.68 to 0.86) <0.001* 0.80 (0.69 to 0.93) 0.003*

Mortality at 90 days§ OR 2.24 (1.43 to 3.49) <0.001* 1.40 (0.80 to 2.46) 0.239 0.78 (0.70 to 0.89) <0.001* 0.90 (0.77 to 1.05) 0.177

NIHSS, National Institutes of Health Stroke Scale; mRS, modified Ranking Scale; EE, effect estimate; CI, confidence interval; OR, odds ratio; cOR, crude odds 
ratio; ASPECTS, Alberta Stroke Program Early CT Score; EVT, endovascular treatment; CRP, C-reactive protein.
*Statistical significance; †Adjustments: age, use of antithrombotic medication, stroke severity (NIHSS) on admission, intravenous thrombolysis, glucose level on 
admission, ASPECTS score at baseline, poor collaterals, occlusion segment, total EVT-attempts, intervention complications, recanalization, duration of EVT, 
presence of anemia or hemoglobin level; ‡Adjustments: age, history of cardiovascular risk factors, history of stroke, use of antithrombotic medication, systolic 
blood pressure, stroke severity (NIHSS) on admission, intravenous thrombolysis, glucose level on admission, ASPECTS score on admission, poor collaterals, oc-
clusion segment, total EVT-attempts, recanalization, duration of EVT, presence of anemia or hemoglobin level; §Adjustments: age, history of cardiovascular risk 
factors, history of stroke, use of antithrombotic medication, stroke severity (NIHSS) on admission, glucose level on admission, creatinine level on admission, 
CRP level on admission, poor collaterals, occlusion segment, total EVT-attempts, recanalization, duration of EVT, presence of anemia or hemoglobin level.


