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Abstract
Whether hemoglobin is associated with outcomes of a specific subtype of intrac-
erebral hemorrhage (ICH) is unknown. A total of 4643 patients with ICH from a
multicenter cohort were included in the analysis (64.0% male; mean age [SD],
58.3 [15.2] year), of whom 1319 (28.4%) had anemia on admission. The unsu-
pervised consensus cluster method was employed to classify the patients into
three clusters. The patients of cluster 3 were characterized by a high frequency
of anemia (85.3%) andmainly composed of patients of systemic disease ICH sub-
type (SD-ICH; 90.0%) according to the SMASH-U etiologies. In SD-ICH, a strong
interaction effect was observed between anemia and 3-month death (adjusted
odds ratio [aOR] 4.33, 95% confidence interval [CI] 1.60–11.9, p = 0.004), and
the hemoglobin levels were linearly associated with 3-month death (aOR 0.75,
95% CI 0.60–0.92; p = 0.009), which was partially mediated by larger baseline
hematoma volume (p= 0.008). This study demonstrated a strong linear associa-
tion between low hemoglobin levels and worse outcomes in SD-ICH, suggesting
that hemoglobin-elevating therapymight be extensively needed in a specific sub-
type of ICH.
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1 INTRODUCTION

Intracerebral hemorrhage (ICH) causes catastrophic brain
damage, and there remain few therapeutic interventions
that mitigate its severity. It accounts for around 25% of
total strokes based on a national community-based study
in China, which is significantly higher than the 8%–15% in
the Western populations.1–3 Beyond the risk factors of age,
the severity of neurological impairment, and hematoma
volume post-ICH, few clinical biomarkers are available to
predict outcomes in the long term.4,5 In addition, most of
these risk factorswere not intervenable in clinicalmanage-
ment post-ICH.6
ICH is a group of heterogeneous cerebrovascular events

of different etiologies with possible differential demands of
hemoglobin.7 Hemoglobin is vital for oxygen supply and
autoregulation of small arteries in essential organs such
as the brain.8 Anemia (low blood hemoglobin levels) is a
clinical determinant frequently reported to be associated
with 3-month death in critically ill patients, and a modifi-
able risk factor that could be treated, for example, with iron
supplements or packed red cells transfusion.9–13 However,
meta-analysis has reported a high heterogeneity of stud-
ies regarding the association between ICH outcomes and
hemoglobin, preventing definitive conclusions and devel-
oping subsequent treatment strategies.14
The variance may relate to the heterogeneity of the

ICH patients of different natural histories and associated
risk factors, but there is little knowledge of which fac-
tors could define the subgroup with a specific demand for
hemoglobin.We hypothesized that different ICH subgroup
patients have specific demands for hemoglobin. Here, in a
large prospective multicenter cohort study of patients with
ICH, we investigated whether ICH patients have different
demands of hemoglobin using the unsupervised consensus
clustermethod and further explore its clinical significance.

2 RESULTS

2.1 Anemia is not associated with
clinical outcomes in the general ICH cohort

In a multicenter cohort of spontaneous ICH subjects, we
investigated whether clinical anemia or related hemato-
logical parameters were associated with functional out-
comes over three months. A total of 4904 patients with
spontaneous ICH were screened, and 4643 patients were
included in the final analysis (Figure 1). Of 4643 patients,
2972 (64.0%) were male, and the mean age was 58.3 (±15.2)
years. The mean hemoglobin concentration on admission
was 13.5 (±2.0) g/dl, and anemia was diagnosed in 1319
patients (28.4%) (Table 1). Although the death at both 1

4904 Patients with acute spontaneous ICH 

   diagnosis, age≥18, and enrolled from 

              21 tertiary hospitals

51 patients excluded because 

informed consent not obtained from 

participants or their guardians. 

35 patients excluded because 

they had brain tumors or cerebral 

venous sinus thrombosis

4643 patients with available hemoglobin data 

         and entered the final analysis 

4718 with acute spontaneous ICH within 72h

71 patients excluded for missing 

hemoglobin values 

4714 with available CT imaging

4 patients excluded for no CT scan 

on admission

100 patients excluded because of 

onset of symptoms >72h prior to 

presentation

4818 with acute spontaneous ICH with 

          SMASH-U classification

F IGURE 1 Flowchart of patients screened, included, and
excluded from the study. Abbreviations: CT, computed tomography;
ICH, intracerebral hemorrhage; SMASH-U classification, an
etiological classification of intracerebral hemorrhage.

and 3 months post-ICH was significantly more frequent in
anemia patients than in nonanemia patients (11.1% vs. 7.7%
and 23.0% vs. 17.4%, respectively; all p < 0.001) in univari-
able analysis, anemia was not associated with worse out-
comes in both genders in multivariable regression. More-
over, there is no significant association between moderate
anemia and a 3-month death in the multivariate analysis
for both genders (p = 0.310 and p = 0.106, respectively;
Table S1).

2.2 Unsupervised consensus clustering
identified a cluster where lower
hemoglobin is associated with worse
outcomes

We hypothesized that the lack of association between ane-
mia and clinical outcomesmight be due to the high hetero-
geneity of the population. The consensus cluster method
was employed to categorize unbiasedly the patients based
on hemoglobin levels on admission and other standard
variables, which might be associated with the clinical out-
comes such as age, hematoma volume, blood glucose, and
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TABLE 1 Baseline characteristics of the study population, stratified by anemia status

Total Non-anemia Anemia
Characteristics n = 4643 n = 3324 n = 1319 p
Age (years) 58.3 ± 15.2 56.8 ± 14.7 61.9 ± 15.9 <0.001
Male, n (%) 2,972 (64.0%) 2,201 (66.2%) 771 (58.5%) <0.001
Comorbidities and risk factors, n (%)
HD history 319 (6.9%) 188 (5.7%) 131 (9.9%) <0.001
Hypertension 2,619 (56.4%) 1,898 (57.1%) 721 (54.7%) 0.14
Diabetes mellitus 392 (8.4%) 250 (7.5%) 142 (10.8%) <0.001
Chronic kidney disease 236 (5.1%) 95 (2.9%) 141 (10.7%) <0.001
Anti-thrombotics 406 (8.7%) 204 (6.1%) 202 (15.3%) <0.001
Alcohol 918 (19.8%) 670 (20.2%) 248 (18.8%) 0.315
Smoking 1,160 (25.0%) 849 (25.5%) 311 (23.6%) 0.175

Clinical status
GCS 13.0 (8.0, 15.0) 13.0 (8.0, 15.0) 13.0 (8.0, 15.0) 0.009
NIHSS 8.0 (3.0, 16.0) 8.0 (3.0, 16.0) 9.0 (4.0, 18.0) 0.001
Hematoma volume (ml) 12.7 (5.1, 27.0) 12.1 (5.0, 26.0) 14.0 (5.7, 30.0) 0.006
SBP (mm Hg) 162.3 ± 31.4 162.9 ± 31.3 160.7 ± 31.6 0.032
DBP (mm Hg) 95.0 ± 18.1 96.2 ± 18.2 91.9 ± 17.5 <0.001
Hemoglobin (g/dl) 13.5 ± 2.0 14.4 ± 1.5 11.3 ± 1.3 <0.001
HCT 0.41 ± 0.06 0.43 ± 0.05 0.35 ± 0.04 <0.001
Albumin (g/L) 41.4 ± 5.4 42.6 ± 5.0 38.6 ± 5.4 <0.001
Platelet count (109/L) 158 (118, 204) 163 (125, 207) 142 (105, 191) <0.001
PT, s 11.9 (11.1, 13.0) 11.8 (11.1, 12.8) 12.2 (11.4, 13.5) <0.001
APTT, s 26.1 (23.2, 29.8) 25.7 (22.8, 29.3) 27.0 (24.1, 30.9) <0.001
Fibrinogen (g/L) 2.9 (2.3, 3.6) 2.9 (2.3, 3.5) 2.9 (2.4, 3.7) <0.001
INR 1.03 (0.97, 1.11) 1.02 (0.96, 1.09) 1.06 (0.99, 1.14) <0.001
Blood glucose (mmol/L) 7.3 (6.1, 9.4) 7.4 (6.1, 9.4) 7.2 (6.0, 9.2) 0.048
Creatinine (μmol/L) 71.0 (58.0, 86.4) 71.0 (59.0, 85.0) 71.0 (56.0, 90.1) <0.001

Hematoma Location, n (%)
BG or thalamus 2,719 (63.4%) 1,958 (63.5%) 761 (63.1%) 0.819
Lobar 1,488 (33.3%) 1,018 (31.9%) 470 (36.9%) 0.001
Brainstem 373 (8.4%) 291 (9.1%) 82 (6.4%) 0.003
Cerebellar 275 (6.2%) 207 (6.5%) 68 (5.3%) 0.164
IVH 1,540 (33.2%) 1,083 (32.6%) 457 (34.6%) 0.379
SAH 360 (7.8%) 250 (7.5%) 110 (8.3%) 0.188

Therapies and complications, n (%)
Anti-hypertension 2,578 (59.0%) 1,902 (60.7%) 676 (54.6%) <0.001
Dehydration 3,879 (88.7%) 2,795 (89.2%) 1,084 (87.5%) 0.116
Surgical intervention, n
(%)

1,218 (26.2%) 893 (26.9%) 325 (24.6%) 0.129

Respiratory infection 1,007 (21.7%) 648 (19.5%) 359 (27.2%) <0.001

Notes: Descriptive statistics were calculated using mean ± SD or median (IQR) for continuous variables and frequencies for categorical variables. Abbreviations:
APTT, activated partial thromboplastin time; CAA, cerebral amyloid angiopathy; DBP, diastolic blood pressure; GCS, Glasgow Coma Scale; HA, hypertensive
angiopathy;HCT, hematocrit;HD, heart disease; INR, international normalized ratio; IQR, interquartile range; IVH, intraventricular hemorrhage;NIHSS,National
Institutes of Health Stroke Scale; PT, prothrombin time; SAH, subarachnoid hemorrhage; SBP, systolic blood pressure; SD, standard deviation.
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F IGURE 2 Characterization of ICH patients according to three consensus clusters divided using unsupervised consensus clustering. (A)
Consensus values heatmap, demonstrating a delineated block structure for k = 3, supporting a three-cluster solution; (B) 3-month death rates
in three consensus clusters; (C) the median of hemoglobin levels in three consensus clusters; (D) predicted outcome probabilities by
hemoglobin levels in three consensus clusters; (E) percentage of the six ICH SMASH-U etiologies in three consensus clusters. Abbreviations:
CAA, cerebral amyloid angiopathy; HA, hypertensive angiopathy; ICH, intracerebral hemorrhage.

urea nitrogen levels (Figure 2A and Figure S1). The cohort
could be categorized into three clusters, where the patients
in cluster 3 have exhibited significantly higher death 3-
months post-ICH (39.3% vs. 15.9% or 20.3%, respectively for
clusters 3, 1 and 2, p < 0.001). Interestingly, compared to
the other two clusters, cluster 3 was characterized by sig-
nificantly lower hemoglobin levels (10.7 [2.0] vs. 13.8 [2.0]
or 13.4 [2.0] g/dl, p < 0.001) and higher incidence of ane-
mia (85.3% vs. 30.8% or 22.2%; Figure 2B,C and Table S2).
There was a trend to indicate that the lower hemoglobin
level was a risk factor for a 3-month death in cluster 3 but
not 1 or 2 (adjusted odds ratio [aOR] 0.76, 95% confidence
interval [CI] 0.47–1.15, p = 0.222; Figure 2D).
To further understand the clinical nature of these clus-

ters, we have compared themwith an etiological classifica-
tion method in clinical practice—the SMASH-U scheme.7
We found that the patients of systemic diseases ICH sub-
type (SD-ICH) account for 90.0% of the population in clus-
ter 3 (Figure 2E), strongly suggesting that the hemoglobin
levels may influence the clinical outcomes of SD-ICH.
While clusters 1 and 2 have shown no differences in their
composition in ICH SMASH-U classification, nor differ-
ences in hemoglobin levels (Figure 2C) or death 3-months
post-ICH (Figure 2B). Collectively, these data implicated
that the effect of low hemoglobin levels (or anemia) on
clinical outcomes of ICH might be differentiated using
clinical etiological classification.

2.3 Anemia interacted with systemic
disease ICH subtype (SD-ICH)

To test whether anemia contributes to the worse clinical
outcome specifically in patients of SD-ICH, we have evalu-
ated the interaction effect between anemia and ICH sub-
types (Table 2). When the interaction term of anemia ×
subtypes was introduced in model 3, neither anemia nor
SD-ICH was not associated with a worse outcome. How-
ever, the association between the interaction term (anemia
× SD-ICH) and outcomes was even more potent (OR 4.33,
95%CI 1.60–11.9, p= 0.004), whichwas not observed in any
other subtypes. Besides, the interactive effect analysis has
demonstrated that no apparent detrimental effect of ane-
mia over nonanemia was found across patients with dif-
ferent ages, genders, or different levels of consciousness or
severity (all p> 0.2, Figure S2), suggesting that anemiawas
an independent factor for outcome in this cohort.

2.4 Lower hemoglobin levels linearly
correlate with worse outcomes in SD-ICH

To investigate the effect of hemoglobin levels (or ane-
mia) on clinical outcomes, patients of SD-ICH were com-
paredwith those of hypertensive angiopathy (HA) subtype,
the dominant etiological subtype of ICH. The patients of



ZHANG et al. 145

TABLE 2 Predictors of 3-month death in ICH patients

Model 1 Model 2 Model 3
Multivariable OR (95% CI) p OR (95% CI) p OR (95% CI) p
Age (years) 1.02 (1.02–1.03) 0.000 1.03 (1.02–1.04) <0.001 1.03 (1.02–1.04) <0.001
Sex 0.96 (0.76–1.22) 0.739 0.93 (0.74–1.18) 0.561 0.93 (0.74–1.19) 0.575
GCS 0.75 (0.72–0.79) <0.001 0.75 (0.72–0.79) <0.001 0.75 (0.72–0.78) <0.001
NIHSS 1.02 (1.00–1.04) 0.012 1.02 (1.01–1.04) 0.010 1.02 (1.01–1.04) 0.007
Hematoma volume (ml) 1.02 (1.01–1.03) <0.001 1.02 (1.01–1.02) <0.001 1.02 (1.01–1.02) <0.001
Blood urea nitrogen 1.07 (1.04–1.11) <0.001 1.06 (1.03–1.10) <0.001 1.06 (1.02–1.09) 0.001
Comorbidities* 0.90 (0.65–1.24) 0.525 0.89 (0.62–1.26) 0.525 0.91 (0.63–1.29) 0.596
Intraventricular extension 1.82 (1.44–2.30) <0.001 1.80 (1.42–2.28) <0.001 1.84 (1.45–2.33) <0.001
Surgical intervention 0.30 (0.22–0.39) <0.001 0.29 (0.22–0.39) <0.001 0.30 (0.22–0.39) <0.001
Anemia 1.11 (0.86–1.43) 0.404 1.07 (0.83–1.38) 0.595 1.03 (0.68–1.55) 0.882
CAA 1.38 (0.94–2.02) 0.095 1.38 (0.86–2.18) 0.172
Structure lesion 1.43 (0.90–2.24) 0.127 1.74 (1.01–2.95) 0.041
Medication 1.93 (0.89–3.98) 0.084 1.60 (0.58–4.00) 0.341
Systemic disease 1.88 (1.13–3.12) 0.015 0.83 (0.38–1.74) 0.639
Undetermined 1.69 (1.28–2.23) <0.001 1.77 (1.28–2.44) <0.001
CAA × anemia 1.03 (0.47–2.25) 0.941
Structure lesion × anemia 0.55 (0.20–1.44) 0.230
Medication × anemia 1.55 (0.38–6.25) 0.540
Systemic disease × anemia 4.33 (1.60–11.9) 0.004
Undetermined × anemia 0.85 (0.46–1.59) 0.619

Notes: All multivariable models were adjusted for age, sex, Glasgow Coma Scale, National Institutes of Health Stroke Scale, hematoma volume and urea nitrogen,
intraventricular extension and surgical interventions.
*Comorbidities were defined as any history of diseases such as coronary heart disease, congestive heart failure, cancer, leukocythemia, chronic pulmonary dis-
ease, diabetes mellitus, hepatic insufficiency or renal insufficiency. The structure lesion was structure lesion subtype, medication was medication subtype, and
undetermined was the undetermined subtype according to the SMASH-U etiology classification.
Abbreviations: CAA, cerebral amyloid angiopathy; CI, confidence interval; GCS, Glasgow Coma Scale; NIHSS, National Institutes of Health Stroke Scale; OR,
odds ratio; p, p value.

SD-ICH were younger (56.1 vs. 60.9 years, p < 0.001), and
presented with a higher frequency of anemia (56.8% vs.
24.1%, p< 0.001), lower hemoglobin level (12.2 vs. 13.7 g/dl,
p < 0.001), and higher 3-month death (36.1% vs. 14.7%;
p < 0.001; Table 3 and Table S3) compared with those of
HA. These basic characterizations were similar to that of
the patients of consensus cluster 3. In multivariable mod-
els, the contribution of hemoglobin levels (or anemia) in 1-
month or 3-month death was compared between systemic
disease and HA subtypes (Tables S4–S6). It was demon-
strated that hemoglobin levels (or anemia) were consis-
tently associated with higher death in SD-ICH (p = 0.009,
p = 0.001, and p = 0.009, respectively) but not in HA
(p = 0.417, p = 0.424, and p = 0.963, respectively).
We have further investigated the linear association

between hemoglobin levels and clinical outcomes in
different ICH subtypes. In SD-ICH, a linear relation-
ship between hemoglobin levels and 3-month death was
observed (hemoglobin levels per 1 g/dl: aOR 0.75, 95% CI
0.60–0.92; p= 0.009; Figure 3), which was not observed in
other subtypes. Each 1 g/dl decrease of hemoglobin levels is

F IGURE 3 Predicted outcome probabilities by hemoglobin
levels on admission in ICH patients with different etiological
subtypes. Multivariable models were adjusted for age, sex, Glasgow
Coma Scale, National Institutes of Health Stroke Scale, hematoma
volume and urea nitrogen, intraventricular extension, and surgical
interventions. Abbreviations: aOR, an adjusted odds ratio of
outcome; 95% CI, 95% confidence interval; CAA, cerebral amyloid
angiopathy; HA, hypertensive angiopathy.
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TABLE 3 Baseline characteristics of patients of HA or systemic disease ICH subtypes

Characteristics HA n = 1,853
Systemic disease
n = 236 p

Age (years) 60.9 ± 12.6 56.1 ± 14.8 <0.001
Male, n (%) 1,157 (62.4%) 165 (69.9%) 0.029
Comorbidities and risk factors, n (%)
HD history 127 (6.9%) 9 (3.8%) 0.100
Hypertension 1,853 (100.0%) 142 (60.2%) <0.001
Hyperlipidemia 701 (45.9%) 74 (36.6%) 0.016
Diabetes mellitus 225 (12.1%) 26 (11.0%) 0.693
Chronic kidney disease 67 (3.6%) 107 (45.5%) <0.001
Antithrombotics 45 (2.4%) 236 (100.0%) <0.001
Alcohol 382 (20.6%) 40 (16.9%) 0.217
Smoking 460 (24.8%) 53 (22.5%) 0.474

Clinical factors
GCS 13.0 (8.0, 15.0) 12.0 (6.0, 15.0) <0.001
NIHSS 9.0 (4.0, 16.0) 11.0 (4.0, 24.0) 0.014
Hematoma volume (ml) 10.0 (4.5, 21.8) 16.0 (5.4, 33.4) <0.001
SBP (mm Hg) 171.1 ± 26.8 170.0 ± 33.8 0.572
DBP (mm Hg) 99.6 ± 16.6 99.0 ± 18.7 0.559
Hemoglobin (g/dl) 13.7 ± 1.86 12.2 ± 2.79 <0.001
HCT 0.41 ± 0.05 0.37 ± 0.08 <0.001
Albumin (g/L) 41.5 ± 5.6 39.3 ± 6.3 <0.001
Platelet count (109/L) 159 (121, 203) 108 (47, 162) <0.001
PT, s 11.9 (11.1, 13.1) 12.4 (11.5, 13.8) 0.745
APTT, s 26.1 (23.2, 30.0) 27.5 (24.7, 31.5) <0.001
Fibrinogen (g/L) 2.9 (2.3, 3.6) 3.0 (2.3, 3.9) 0.049
INR 1.02 (0.95, 1.09) 1.07 (1.00, 1.17) <0.001
Blood glucose (mmol/L) 7.4 (6.2, 9.6) 7.3 (6.1, 9.6) 0.733
Creatinine (μmol/L) 70.8 (58.0, 86.0) 103.5 (72.0, 494.6) <0.001

Hematoma location, n (%)
BG or thalamus 1,526 (84.5%) 151(67.1%) <0.001
Lobar 158 (8.9%) 70 (30.8%) <0.001
Brainstem 176 (9.9%) 25 (11.0%) 0.680
Cerebellar 124 (7.0%) 10 (4.4%) 0.188
IVH 542 (29.2%) 97 (41.1%) 0.001
SAH 70 (3.8%) 20 (8.5%) <0.001

Therapies and complications, n(%)
Anti-hypertension 1,266 (72.4%) 132 (60.6%) <0.001
Dehydration 1,509 (86.3%) 190 (87.2%) 0.801
Surgical intervention 342 (18.5%) 26 (11.0%) 0.006
Respiratory infection 477 (25.7%) 53 (22.5%) 0.311

Notes: Descriptive statistics were calculated using mean ± SD or median (IQR) for continuous variables and frequencies for categorical variables. Abbreviations:
APTT, activated partial thromboplastin time; DBP, diastolic blood pressure; GCS, Glasgow Coma Scale; HA, hypertensive angiopathy; HCT, hematocrit; HD, heart
disease; INR, international normalized ratio; IQR, interquartile range; IVH, intraventricular hemorrhage; NIHSS, National Institutes of Health Stroke Scale; p, p
value; PT, prothrombin time; SBP, systolic blood pressure; SD, standard deviation.
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F IGURE 4 Cox proportional hazards regression curves for
1-month survival rate according to anemia in ICH patients with
systemic disease subtype. Hazard ratio (HR) was calculated using
cox proportional hazard modeling with adjustment for potential
confounders including age, sex, Glasgow Coma Scale, National
Institutes of Health Stroke Scale, hematoma volume, and urea
nitrogen, intraventricular extension and surgical interventions.
Abbreviations: aOR, an adjusted odds ratio of outcome; 95% CI, 95%
confidence interval.

calculated to be accompanied by 1.33-folds increased risk of
3-month death post-ICH,whichwas comparablewith 1.43-
fold for 1 score increase of the Glasgow Coma Scale (GCS)
(aOR 0.70, 95% CI 0.54–0.86; p = 0.002, Table S4). More-
over, adjusted Cox regression indicated a decreased risk
of 1-month survival in the presence of anemia (adjusted
hazard ratio [HR] 7.93, 95% CI 2.20–28.60, p = 0.002;
Figure 4).
Furthermore, when regressing anemia, hematoma vol-

ume, and outcome together, mediation analysis revealed
that larger hematoma continued to be associated with
poor outcomes after controlling for anemia (p = 0.004).
The direct effect (DE) was 0.0407 (95%CI 0.0087–0.090,
p = 0.006), and 20.49% of the mediation contributed to
larger hematoma (p = 0.008; Figure 5 and Figure S3). This
suggested that hematoma volume significantly mediated
the effect of anemia with 3-month death.

F IGURE 5 Mediation model of association of anemia with
3-month death with hematoma volume on admission as a mediator
in patients of systemic disease ICH subtype. The indirect effect (IE),
or average causal mediation effects (ACME), was the effect of the
exposure (anemia) on 3-month death, mediated by hematoma
volume on admission. The direct effect (DE), or average direct
effects (ADE), was the remaining effect of the exposure on 3-month
death that was not mediated through hematoma volume. Path (a)
was the effect of the anemia on hematoma volume. Path (b) was the
effect of hematoma volume on 3-month death.

3 DISCUSSION

In this prospective cohort of 4643 consecutive ICH
patients, anemia was not independently associated with
worse clinical outcomes; in a subsequent analysis, anemia
and lower hemoglobin levels were strongly correlated with
worse outcomes in SD-ICH. This relationship seemed to
be mediated in part by hematoma volume on admission.
Our findings suggested that hemoglobin levelsmight be an
essential risk factor in SD-ICH and therefore a modifiable
factor in these patients.
Anemia and lower hemoglobin were found to be associ-

ated with a higher risk of worse outcomes (1- or 3-month
mortality) in ICH patients.9,15–17 Although we found that
the anemia group was associated with worse outcomes in
the univariate analysis, the correlations were not signifi-
cant after adjusting for other potential confounders such
as age and hematoma volume. Moreover, moderate ane-
mia (<11 g/dl) was not independently related to higher 3-
month death after adjusting confounders. The difference
between our study and previous work might be due to
the inclusion of additional confounders in themultivariate
analysis, such as hematoma volume, GCS, intraventricu-
lar hemorrhage (IVH) or intraventricular extension, and
surgical interventions, which were also critical determi-
nants of prognosis in ICH.6,18 Consistent with our results,
one study of 2513 patients that did include GCS in the
multivariate analysis also failed to find an independent
association between anemia and 3-month death.16 Simi-
larly, Kumar et al. reported that anemia was associated
with larger hematoma volume (p= 0.009) but not 1-month
death in ICH patients (aOR 1.5, 95% CI 0.9–2.4; p = 0.06;
N = 685).10 Besides, Barlas et al. also found that, in male



148 ZHANG et al.

ICH patients, anemia was not significantly correlated with
3-months death (aOR 1.39, 95% CI 0.81–2.39; p > 0.05;
N = 513).15
The unique large set of ICH cohort here allows us

to investigate the relationship between anemia and out-
comes, taking the abnormal distribution of hemoglobin
among ICH subtypes into consideration. The multiple eti-
ologies of ICH patients might neutralize the potential
effect of anemia in studies with small-sample size. Here,
we have employed the unsupervised consensus classifi-
cation to investigate the association between anemia and
ICH subtypes.19 We found that the consensus cluster 3 was
mainly composed of SD-ICH according to the SMASH-U
etiological classification, of which cluster the patientswere
characterized with lower hemoglobin levels, higher fre-
quency of anemia, and higher death rate. Furthermultiple-
adjusted interaction analysis revealed that anemia inter-
acted with ICH subtypes, suggesting that low hemoglobin
levels might define SD-ICH. In accordance with findings
in the consensus cluster 3, the patients of SD-ICH dis-
played similar characteristics; moreover, their worse out-
comes were independently associated with anemia and
low hemoglobin levels. Both 1- and 3-month death of SD-
ICHwere higher than those ofHA subtype, consistentwith
previous studies.7,20–22 Compared withHA, patients of SD-
ICH had younger age but presented worse general con-
ditions, such as lower hemoglobin and albumin levels as
well as higher urea nitrogen, which may be explained con-
sidering the higher frequency of comorbid illnesses in this
subtype.
Lower hemoglobin levels were strongly and indepen-

dently associated with worse outcomes in SD-ICH. Our
results indicated that hematoma volume might partially
mediate the association between anemia and worse out-
comes in SD-ICH. Similarly, previous studies identified a
positive relationship between anemia and larger baseline
hematoma volumes in total ICH patients.9,10 On the other
side, instead of baseline hematoma volume, a recent study
of 256 ICHpatients has found that the associations of lower
admission hemoglobin levels with increased hematoma
expansion mediating worse outcomes in the subgroup
analysis of 63 patients with hematoma expansion.17 The
differential conclusion of these studies might result from
different races, sample sizes, and study designs. Although
hematoma volumemight be more than amediation factor,
all these studies emphasized the possible mediation effect
of hematoma, either baseline or expansion, on the associa-
tion between lower hemoglobin levels andworse outcomes
post-ICH.
It is plausible that the pathophysiologic basis for the

association between either baseline hematoma volume or
hematoma expansion and the lower hemoglobin levels
may be related to previously shown evidence of coagulopa-

thy and prolonged bleeding in anemic patients.23 In our
study, the patients of SD-ICH also demonstrated abnor-
mal coagulation. The strong effect of lower hemoglobin
levels in SD-ICH might be due to the high prevalence
of comorbid illness and the resulting worse general con-
dition, which makes the patients of SD-ICH, compared
with those of other subtypes, more sensitive to the
impaired function of reduced hemoglobin levels, such
as neuronal tissue hypoxia, metabolic distress, and cell
energy dysfunction.24–26 Our results indicated that lower
hemoglobin levels were linearly correlated with worse out-
comes in SD-ICH, implicating that hemoglobin-raising
strategies such as an iron supplement or blood transfusion
might be beneficial for specific ICH subgroup patients.27
Themain strength of our study is that it includes a large,

heterogeneous patient population who underwent rigor-
ous, systemic evaluations early after the onset of acute
ICH. At the same time, our work presents some limi-
tations. First, we included only tertiary hospitals in our
study, leading to the loss of patients with less severity. Sec-
ond, the proportion of patients with medication-related
ICH was relatively small. In previous studies of Asian
patients with atrial fibrillation, only about 20% had taken
anticoagulants, and relatively few showed an international
normalized ratio (INR) in the therapeutic range.28–30 Pre-
vious studies have already pointed out a lower incidence of
medication-related ICH in Asian populations (2–3%) than
in Caucasian populations (14%).30–32 Thismay be related to
the lower use of anticoagulation and thrombolysis inAsian
clinics. Third, anemia was diagnosed based on a single
measurement on admission, which occurred at different
times since symptom onset among different patients. This
increases the risk that our results are affected by regression
attenuation bias.
In summary, in this large multicenter ICH cohort, our

study revealed an etiology-specific association between
low hemoglobin levels on admission and poor 3-month
outcomes. Our data suggested that low hemoglobin on
admission is strongly associated with worse outcomes in
SD-ICH,whichmight bemediated by the larger hematoma
volume on admission. Further studies are needed to repli-
cate our results and investigate whether the intervention
of hemoglobin levels, either by blood transfusion or iron
supplement, would benefit the patients of SD-ICH.

4 METHODS

4.1 Study design and participants

We used a cohort study design based on a prospective,
multicenter, hospital-based registry that collected data on
patients with acute ICH admitted to 21 tertiary hospitals
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across a wide range of cities in China from January 2012
to December 2015. A total of 4904 patients who received a
clinical diagnosis of spontaneous ICH confirmed by brain
imaging were screened. The study was approved by the
Biomedical Research Ethics Committee and the Commit-
tee on Human Research of West China Hospital, Sichuan
University (2013 [124]).33 Informed consent was obtained
from participants or their guardians.
Patients with first-ever ICH were consecutively

recruited. Patients were included if they (1) were at least
18 years old, (2) had been diagnosed with ICH based on
noncontrast computed tomography (NCCT) performed
within 72 h from the presumed symptom onset. The
patients with aneurysmal subarachnoid hemorrhages and
lobar bleeding were included. Patients were excluded (1) if
they were diagnosed with traumatic ICH, primary subdu-
ral/epidural hematoma, intracranial venous thrombosis,
or hemorrhage due to a tumor or recurrent ICH; (2) if
they were diagnosed with hemorrhagic transformation of
a cerebral infarction; or (3) hemoglobin measurements on
admission were missing.

4.2 Demographic and clinical data
collection

Information about baseline demographic characteristics
was obtained predominantly through in-person inter-
views. In-hospital details, including clinical features and
diagnosis, were obtained through medical records and
interviewswith patients or their families. Follow-updetails
were obtained primarily through telephone interviews at
one and three months after the stroke. Medical history
variables included the existence of any of the follow-
ing: hypertension, diabetes, hyperlipidemia, stroke, heart
disease (including any history of atrial fibrillation/heart
attack/myocardial infarction, angina, coronary heart dis-
ease, or valvular heart disease), either self-reported or diag-
nosed in-hospital before ICH onset. Comorbidities were
defined if the patient had coronary heart disease, con-
gestive heart failure, cancer, leukocythemia, chronic pul-
monary disease, diabetes mellitus, hepatic insufficiency,
or renal insufficiency. Surgical interventions were indi-
cated according to the Guidelines for the management of
spontaneous ICH.34 Brain CT scans were performed in all
patients on admission.Hematoma volumewas determined
by the formula of ellipsoids (A*B*C/2).35 Hemoglobin lev-
els were measured on admission using the hemiglobin-
cyanidemethod. According to theWorld Health Organiza-
tion (WHO) criteria, anemia was defined as a hemoglobin
concentration below 12 g/dl in females and below 13 g/dl
in males; whereas moderate anemia was defined as a

hemoglobin concentration below 11 g/dl in females and
below 12 g/dl inmales. The primary outcome in these anal-
yses was death at three months. The follow-up period was
three months, and the follow-up rate was 93% (4307/4643).
Etiological subtypes of ICH were classified according

to SMASH-U criteria (structural lesion, medication, amy-
loid angiopathy, systemic/other diseases, hypertension,
undetermined).7 The SD-ICH subtype was defined by
the presence of thrombocytopenia or liver cirrhosis as
previously described,7 or by the presence of nondrug-
induced coagulopathy or renal failure (stage 5 chronic kid-
ney disease or kidney disease requiring dialysis), both of
which are risk factors for spontaneous ICH.20,36 HA sub-
typewas defined as deep or infratentorial hemorrhagewith
pre-ICH hypertension history. Hypertension was defined
as any recorded hypertension diagnosis or pre-existing BP
≥140/90 mmHg on at least three measurements at rest on
at least two separate health care visits for more than one
month before ICH onset, either on or off antihypertensive
therapy. Two experts classified all cases independently. The
inter-evaluator agreement for ICH etiologic classification
was high (κ = 0.93).

4.3 Statistical analysis

Categorical variables were presented as counts (%), and
the continuous or discrete variables were presented as
mean (standard deviation, SD) or median (interquartile
range, IQR). Student’s t-test, the χ2 test, ANOVA, Mann–
Whitney U-test, Fisher’s exact test, and Kruskal–Wallis
test were used for univariate analysis among groups
with relevant variables as appropriate. Associations of
clinical characteristics with death were analyzed using
logistic regression models, whereas associations of clinical
characteristics with mRS were analyzed using ordinal
logistic regression. Data are reported as ORs and 95% CI.
Consensus cluster is an unsupervised clustering method
for cluster discovery and in conjunction with resampling
techniques.37 The consensus across multiple runs of a
clustering algorithm for a consensus cluster depends on
the separation of clusters in the matrix and the average
silhouette width between different clusters. The cumula-
tive distribution function (CDF) of the consensus matrix
is the indicator to assess the stability of the discovered
clusters. Based on the analysis, we can discriminate
against the individuals. The goal of the analysis is to divide
the cohort into separated sub-cohorts with their features
and to prove the specific effect of hemoglobin on the ICH
subtype. HR was calculated using cox proportional hazard
modeling with adjustment for age, sex, GCS, National
Institutes of Health Stroke Scale, hematoma volume and
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urea nitrogen, intraventricular extension, and surgical
interventions.
Mediation analysis was performed to estimate whether

hematoma volume (as the mediator) was the mediator for
any relationship between the hemoglobin level (indepen-
dent variable) and poor outcome (dependent variable) by
analyzing all three variables together with four steps: (1)
path c: the total effect of the elevated hemoglobin level
(group factor) on the outcome; (2) path a: the group effect
on hematoma volume; (3) path b: the correlation between
hematoma volume and outcomes, after controlling for the
group factor; and (4) the a × b effect, which was referred to
as the indirect effect (IE) andwas indicative of whether the
predictor–outcome relationship was significantly reduced
after controlling for the mediator. If all four tests reached
the level of significance, hematoma volume was consid-
ered to significantly mediate the group effect on the poor
outcome. The a× b IEwas evaluated using theRmediation
package with 5,000 repetitions that were used to estimate
the CI for the IEs. An empirical 95% CI that did not include
zero indicated significance at the 0.05 level. Analyses were
performed using the R mediation package. To systemati-
cally identify potential confounders in the multivariable
model, we selected variables using a “least absolute shrink-
age and selection operator” regularizer, combined with
univariable analysis and clinical significance. The least
absolute shrinkage and selection operator calculation was
conducted using the glmnet algorithm in R, where appro-
priate, aORs were reported. Age, GCS, NIHSS, hematoma
volume, urea nitrogen, plus intraventricular hemorrhage
(IVH) or intraventricular extension , and surgical interven-
tions were identified as confounding variables in the total
cohort, which were adjusted in all multivariable models.
Two-sided p values are reported, with p < 0.05 considered
statistically significant in all tests unless another thresh-
old was given. All statistical analyses were performed in R
Core Team (2017) (R: A language and environment for sta-
tistical computing. R Foundation for Statistical Comput-
ing, Vienna, Austria; https://www.R-project.org/.).

ACKNOWLEDGMENTS
None.

CONFL ICT OF INTEREST
The authors declare that they have no conflicts of interest.

ETH ICS APPROVAL
The studywas approved by theBiomedical ResearchEthics
Committee and the Committee on Human Research of
West China Hospital, Sichuan University (Reference No.
2013 [124]). Informed consent was obtained from partici-
pants or their guardians.

AUTH OR CONTRIBUT IONS
ML, SZ, and PL designed and conducted the cohort study;
SZ, HC, XL, YC, BW collected the data and constructed the
database; SZ, YS and YL analyzed the data; SZ, ML, and PL
wrote the paper. All authors reviewed the manuscript.

DATA AVAILAB IL ITY STATEMENT
The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

ORCID
PengLei https://orcid.org/0000-0001-5652-1962

REFERENCES
1. Wang Y, Cui L, Ji X, et al. The China National Stroke Registry

for patients with acute cerebrovascular events: design, rationale,
and baseline patient characteristics. Int J Stroke. 2011;6(4):355-
361.

2. Wei JW, Arima H, Huang Y, et al. Variation in the frequency
of intracerebral haemorrhage and ischaemic stroke in China: a
national, multicentre, hospital register study. Cerebrovasc Dis.
2010;29(4):321-327.

3. Broderick J, Connolly S, Feldmann E, et al. Guidelines for
the management of spontaneous intracerebral hemorrhage in
adults: 2007 update: a guideline from the American Heart
Association/American Stroke Association Stroke Council, High
Blood Pressure Research Council, and the Quality of Care and
Outcomes in Research InterdisciplinaryWorking Group. Stroke.
2007;38(6):2001-2023.

4. Hemphill JC 3rd, Greenberg SM, Anderson CS, et al. Guide-
lines for the management of spontaneous intracerebral hemor-
rhage: a guideline for healthcare professionals from the Amer-
ican Heart Association/American Stroke Association. Stroke.
2015;46(7):2032-2060.

5. van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A,
Klijn CJ. Incidence, case fatality, and functional outcome of
intracerebral haemorrhage over time, according to age, sex, and
ethnic origin: a systematic review and meta-analysis. Lancet
Neurol. 2010;9(2):167-176.

6. Hemphill JC 3rd, Bonovich DC, Besmertis L, Manley GT, John-
ston SC. The ICH score: a simple, reliable grading scale for
intracerebral hemorrhage. Stroke. 2001;32(4):891-897.

7. Meretoja A, Strbian D, Putaala J, et al. SMASH-U: a proposal
for etiologic classification of intracerebral hemorrhage. Stroke.
2012;43(10):2592-2597.

8. Hare GM, Tsui AK, McLaren AT, Ragoonanan TE, Yu J, Mazer
CD. Anemia and cerebral outcomes: many questions, fewer
answers. Anesth Analg. 2008;107(4):1356-1370.

9. Kuramatsu JB, Gerner ST, Lücking H, et al. Anemia is an
independent prognostic factor in intracerebral hemorrhage: an
observational cohort study. Crit Care. 2013;17(4):R148.

10. Kumar MA, Rost NS, Snider RW, et al. Anemia and hematoma
volume in acute intracerebral hemorrhage. Crit Care Med.
2009;37(4):1442-1447.

11. Diedler J, Sykora M, Hahn P, et al. Low hemoglobin is
associated with poor functional outcome after non-traumatic,

https://www.R-project.org/
https://orcid.org/0000-0001-5652-1962
https://orcid.org/0000-0001-5652-1962


ZHANG et al. 151

supratentorial intracerebral hemorrhage. Crit Care. 2010;14(2):
R63.

12. Walsh TS, Lee RJ, Maciver CR, et al. Anemia during and at dis-
charge from intensive care: the impact of restrictive blood trans-
fusion practice. Intensive Care Med. 2006;32(1):100-109.

13. Vincent JL, Baron JF, Reinhart K, et al. Anemia and blood trans-
fusion in critically ill patients. JAMA. 2002;288(12):1499-1507.

14. Zhang S, Pan X, Wei C, et al. Associations of anemia with out-
comes in patients with spontaneous intracerebral hemorrhage:
a meta-analysis. Front Neurol. 2019;10:406.

15. Barlas RS, Honney K, Loke YK, et al. Impact of hemoglobin
levels and anemia on mortality in acute stroke: analysis of UK
regional registry data, systematic review, and meta-analysis.
J Am Heart Assoc. 2016;5(8):e003019.

16. Zeng YJ, Liu GF, Liu LP, Wang CX, Zhao XQ, Wang YJ. Ane-
mia on admission increases the risk ofmortality at 6months and
1 year in hemorrhagic stroke patients in China. J Stroke Cere-
brovasc Dis. 2014;23(6):1500-1505.

17. Roh DJ, Albers DJ, Magid-Bernstein J, et al. Low hemoglobin
and hematoma expansion after intracerebral hemorrhage. Neu-
rology. 2019;93(4):e372-e380.

18. Hemphill JC 3rd, Farrant M, Neill TA Jr. Prospective validation
of the ICH Score for 12-month functional outcome. Neurology.
2009;73(14):1088-1094.

19. Kiselev VY, Kirschner K, SchaubMT, et al. SC3: consensus clus-
tering of single-cell RNA-seq data. Nat Methods. 2017;14(5):483-
486.

20. Yeh SJ, Tang SC, Tsai LK, Jeng JS. Pathogenetical subtypes of
recurrent intracerebral hemorrhage: designations by SMASH-U
classification system. Stroke. 2014;45(9):2636-2642.

21. Steiner T, Rosand J, DiringerM. Intracerebral hemorrhage asso-
ciated with oral anticoagulant therapy: current practices and
unresolved questions. Stroke. 2006;37(1):256-262.

22. Huhtakangas J, Tetri S, Juvela S, Saloheimo P, Bode MK, Hill-
bom M. Effect of increased warfarin use on warfarin-related
cerebral hemorrhage: a longitudinal population-based study.
Stroke. 2011;42(9):2431-2435.

23. Livio M, Gotti E, Marchesi D, Mecca G, Remuzzi G, de Gaetano
G. Uraemic bleeding: role of anaemia and beneficial effect of red
cell transfusions. Lancet. 1982;2(8306):1013-1015.

24. Hare GM,Mazer CD, Hutchison JS, et al. Severe hemodilutional
anemia increases cerebral tissue injury following acute neuro-
trauma. J Appl Physiol (1985). 2007;103(3):1021-1029.

25. Kurtz P, Schmidt JM, Claassen J, et al. Anemia is associatedwith
metabolic distress and brain tissue hypoxia after subarachnoid
hemorrhage. Neurocrit Care. 2010;13(1):10-16.

26. Body G, Descamps P, Perrotin F, et al. Respective role of conser-
vative and radical treatment of breast cancers. J Gynecol Obstet
Biol Reprod (Paris). 1997;26(4):350-356.

27. Roh DJ, Carvalho Poyraz F, Magid-Bernstein J, et al. Red blood
cell transfusions and outcomes after intracerebral hemorrhage.
J Stroke Cerebrovasc Dis. 2020;29(12):105317.

28. Gao Q, Fu X, Wei JW, et al. Use of oral anticoagulation
among stroke patients with atrial fibrillation in China: the Chi-
naQUEST (quality evaluation of stroke care and treatment) reg-
istry study. Int J Stroke. 2013;8(3):150-154.

29. Ho CW, Ho MH, Chan PH, et al. Ischemic stroke and
intracranial hemorrhage with aspirin, dabigatran, and warfarin:
impact of quality of anticoagulation control. Stroke. 2015;46(1):
23-30.

30. Wang C, Yang Z, Wang C, et al. Significant underuse of war-
farin in patients with nonvalvular atrial fibrillation: results from
the China national stroke registry. J Stroke Cerebrovasc Dis.
2014;23(5):1157-1163.

31. Yang X, Li Z, Zhao X, et al. Use of warfarin at discharge among
acute ischemic stroke patients with nonvalvular atrial fibrilla-
tion in China. Stroke. 2016;47(2):464-470.

32. Chang SS, Dong JZ, Ma CS, et al. Current status and time trends
of oral anticoagulation use among Chinese patients with non-
valvular atrial fibrillation: the Chinese atrial fibrillation registry
study. Stroke. 2016;47(7):1803-1810.

33. Liu MJ, Chao Y. The importance of the etiological study and
standard etiological diagnosis in intracerebral hemorrhage.Chin
J Neurol. 2013(6):361-364.

34. Morgenstern LB, Hemphill JC 3rd, Anderson C, et al. Guide-
lines for the management of spontaneous intracerebral hemor-
rhage: a guideline for healthcare professionals from the Amer-
ican Heart Association/American Stroke Association. Stroke.
2010;41(9):2108-2129.

35. Kothari RU, Brott T, Broderick JP, et al. The ABCs of measuring
intracerebral hemorrhage volumes. Stroke. 1996;27(8):1304-1305.

36. Molshatzki N, Orion D, Tsabari R, et al. Chronic kid-
ney disease in patients with acute intracerebral hemorrhage:
association with large hematoma volume and poor outcome.
Cerebrovasc Dis. 2011;31(3):271-277.

37. Wilkerson MD, Hayes DN. ConsensusClusterPlus: a class dis-
covery tool with confidence assessments and item tracking.
Bioinformatics. 2010;26(12):1572-1573.

SUPPORT ING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Zhang S, Shu Y, Chen Y,
et al. Low hemoglobin is associated with worse
outcomes via larger hematoma volume in
intracerebral hemorrhage due to systemic disease.
MedComm. 2022;3:e96.
https://doi.org/10.1002/mco2.96

https://doi.org/10.1002/mco2.96

	Low hemoglobin is associated with worse outcomes via larger hematoma volume in intracerebral hemorrhage due to systemic disease
	Abstract
	1 | INTRODUCTION
	2 | RESULTS
	2.1 | Anemia is not associated with clinical outcomes in the general ICH cohort
	2.2 | Unsupervised consensus clustering identified a cluster where lower hemoglobin is associated with worse outcomes
	2.3 | Anemia interacted with systemic disease ICH subtype (SD-ICH)
	2.4 | Lower hemoglobin levels linearly correlate with worse outcomes in SD-ICH

	3 | DISCUSSION
	4 | METHODS
	4.1 | Study design and participants
	4.2 | Demographic and clinical data collection
	4.3 | Statistical analysis

	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ETHICS APPROVAL
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


