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ABSTRACT
Background Intracerebral haemorrhage (ICH) is the 
most devastating form of stroke causing high morbidity 
and mortality. We aimed to develop a novel clinical score 
incorporating multisystem markers to predict functional 
dependence at 90 days after ICH.
Methods We analysed data from Chinese Cerebral 
Hemorrhage: Mechanism and Intervention study. 
Multivariable logistic regression analysis was used to 
identify the factors associated with 90- day functional 
dependency (the modified Rankin Scale ≥3) after ICH and 
develop the ADVISING scoring system. To test the scoring 
system, a total of 2111 patients from Hubei province were 
included as the training cohort, and 733 patients from 
other three provinces in China were included as an external 
validation cohort.
Results We found nine variables to be significantly 
associated with functional dependency and included 
in the ADVISING score system: age, deep location of 
haematoma, volume of haematoma, National Institutes of 
Health Stroke Scale, aspartate transaminase, international 
normalised ratio, neutrophil- lymphocyte ratio, fasting blood 
glucose and glomerular filtration rate. Individuals were 
divided into 12 different categories by using these nine 
potential predictors. The proportion of patients who were 
functionally dependent increased with higher ADVISING 
scores, which showed good discrimination and calibration 
in both the training cohort (C- statistic, 0.866; p value of 
Hosmer- Lemeshow test, 0.195) and validation cohort (C- 
statistic, 0.884; p value of Hosmer- Lemeshow test, 0.853). 
The ADVISING score also showed better discriminative 
performance compared with the other five existing ICH 
scores (p<0.001).
Conclusions ADVISING score is a reliable tool to predict 
functional dependency at 90 days after ICH.

INTRODUCTION
Intracerebral haemorrhage (ICH) is the 
second most common stroke subtype and 
accounts for 15%–30% of stroke cases world-
wide. ICH is associated with 50% of stroke- 
related mortality (approximately 2.8 million 
deaths per year) and is twice as fatal as ischaemic 
stroke.1–3 Many ICH scoring systems have been 
developed to predict the patient’s outcome. 
These scoring systems assess the prognosis 
of ICH at different stages. For in- hospital or 

30 days after ICH, there are ICH score4 and 
simplified ICH score.5 For intermediate- term 
predictive models (3 months after ICH), 
there are ICH Grading Scale (ICH- GS),6 ICH 
Outcomes Project (ICHOP) score,7 the func-
tional outcome (FUNC) score8 and Essen- ICH 
score.9 For long- term outcome (6 months or 
1 year after ICH), there are modified ICH 
(MICH) score,10 max ICH score11 and ICH 
Functional Outcome Score (ICH- FOS).12 
Efforts were made to improve the model 
discrimination and calibration, and predictors 
of models were optimised by adding single or 
several laboratory indicators to the clinical 
characteristics.

Limitations of prior studies include small 
sample size from single centre or not suffi-
ciently validated, using Glasgow Outcome 
Score or Barthel Index but not modified 
Rankin Scale (mRS) to measure outcome. 
Most scoring systems include only indicators 
of adverse effects of haematoma, but not the 
indicators of multiple system injuries and 
responses after ICH, including organs such as 
liver13 and kidney,14 inflammation,15 coagula-
tion16 and metabolic disorders,17 which may 
worsen the prognosis in patients with ICH. 
Thus, integration of important clinical predic-
tors of ICH reflecting multisystem responses 
into the prognostic model may improve the 
assessment of poor outcomes after ICH (online 
supplemental file 2, graphical abstract).

In this study, we aimed to develop a novel tool 
incorporating multisystem markers to predict 
90- day poor outcome in Chinese patients with 
ICH based on a multicentre cohort study. Its 
performance was also compared with other 
five recognised scoring systems, including the 
ICH score, ICH- FOS, ICH- GS, ICHOP score 
and MICH score.

METHODS
Study population
We developed the model using data from the 
Chinese Cerebral Hemorrhage: Mechanism 
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and Intervention (CHEERY) cohort study, which is a 
multicentre Chinese programme that included consecu-
tive patients with spontaneous ICH admitted to 31 stroke 
centres from December 2018 to June 2021. Patients were 
included if they were older than 18 years and diagnosed 
with a spontaneous ICH on CT. Patients were excluded if 
they had: (1) brain haemorrhage deriving from trauma, 
primary subarachnoid haemorrhage, haemorrhagic 
conversion from ischaemic stroke and thrombolysis; (2) 
onset to admission more than 7 days; (3) baseline clin-
ical and imaging information unavailable; and (4) lost to 
follow- up at 90 days. A total of 4248 patients had an ICH 
event and 2844 patients were included in this final anal-
ysis. Of those, 2111 eligible participants from 19 centres 
in Hubei province were designated as the training cohort, 
and the remaining 733 participants from five centres of 
other three provinces were designated as the validation 
cohort. Informed consent was obtained from all partici-
pants prior to the enrolment.

Clinical and imaging data collection
Demographic and clinical characteristics collected on 
admission include age, sex, medical history (ischaemic 
stroke, ischaemic heart disease, hypertension, diabetes, 
hyperlipidaemia), prestroke mRS, systolic blood pres-
sure (SBP), National Institutes of Health Stroke Scale 
(NIHSS), imaging information (haematoma location, 
haematoma volume and intraventricular haemorrhage 
(IVH)) and laboratory tests (white cell count, haemo-
globin (Hb), platelet (PLT), neutrophil- lymphocyte 
ratio (NLR), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), creatinine, uric acid (UA), 
fasting blood glucose (FBG), international normal-
ised ratio (INR); glomerular filtration rate (GFR) was 
estimated using the Chronic Kidney Disease Epidemi-
ology Collaboration creatinine equation).18 The labo-
ratory variables on admission from all 31 stroke centres 
were uniformly converted before statistical analysis. 
Initial CT scans were analysed by experienced neurol-
ogists and the ABC/2 formula was used to calculate 
haematoma volume. The ICH location was considered 
as deep if the origin of the haemorrhage appeared to 
be in thalamus, basal ganglia, internal capsule, deep 
periventricular white matter, brainstem and cere-
bellum. Haemorrhages originating in both deep and 
lobar were also considered as deep location.

Outcome
The mRS score at 90 days was obtained by telephone 
calls or messages from patients or their relatives. We 
determined the 90- day functional dependence (mRS, 
3–6) as the outcome of this study.

Statistical analysis
Continuous and ordinal variables (age, SBP, NIHSS, 
haematoma volume, Hb, PLT, NLR, ALT, AST, GFR, 
FBG, UA, INR) were categorised based on clinical 
significance. All variables were presented as frequency 

with percentage and were analysed using χ2 test. Varia-
bles that reached p<0.05 in the univariate analysis were 
considered for multivariable analysis.

A scoring system predicting functional dependence 
was developed from the multiple logistic regression 
model. Significant variables associated with 90- day 
functional dependence in multivariate model were 
included in the ADVISING score and were weighted to 
assign scoring points based on the strength of associa-
tion with β coefficients. Specifically, we used β coeffi-
cients of haematoma volume (30–60 mL) as a specified 
parameter (B), and the assigned scores for each item 
were calculated using the formula of βi/B and the point 
was rounded to the closest integer (the parameter <1 
was assigned a score of 1). Hosmer- Lemeshow test was 
performed to assess calibration, while C- statistic was 
calculated to measure discrimination in both training 
and validation cohorts.

Furthermore, we compared the discrimination of 
the ADVISING score and prior ICH scores for 90- day 
functional dependence (mRS ≥3) after ICH in the vali-
dation cohort. Five existing ICH scores (MICH score, 
ICHOP score, original ICH score, ICH- GS and ICH- 
FOS) were selected since their components were avail-
able in our database. Pairwise areas under the curve 
(AUCs) between ADVISING score and other ICH scores 
were compared using Delong’s method to evaluate the 
strengths of model discrimination. We also conducted 
the other two ways, net reclassification index (NRI) 
and integrated discrimination improvement (IDI), to 
further assess the superiority of our score compared 
with others.

All tests were two tailed and p<0.05 was considered 
significant. Statistical analyses were performed using 
SPSS software (V.26.0) and R software (V.4.1.2).

RESULTS
Patient characteristics
From 1 December 2018 to 30 June 2021, a total of 4248 
patients experienced an ICH event in the CHEERY 
study. Of those, 1404 patients were excluded (25 
patients for non- spontaneous ICH, 87 patients for 
the onset to admission time >7 days, 532 patients for 
lack of imaging data, 701 patients for lack of clinical 
data and 59 patients for lack of information on 90- day 
mRS), and the remaining 2844 patients were included 
in the final analysis (online supplemental figure S1). 
Online supplemental table S1 shows comparisons of 
baseline characteristics between the excluded and the 
included data sets. Compared with excluded samples, 
the analysed data set had a lower rate of IVH occur-
rence and better 90- day outcomes. After exclusion of 
patients with IVH extension accompanied with unavail-
able haematoma volume (which was not calculated for 
irregular shapes), these differences were eliminated. A 
total of 2111 (74.2%) eligible patients from 19 stroke 
centres of Hubei province were included in the training 
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cohort, while 733 (25.8%) patients from five stroke 
centres of other three provinces were included in the 
validation cohort. The median age of the included 
patients was 62 (IQR 53–70) years, and 67.5% of them 
were male. A total of 1439 (50.6%) were functionally 
dependent (mRS ≥3) at 90 days after ICH. Patients 
in the training cohort were older, had a lower rate of 
ischaemic stroke and a lower baseline NIHSS, and less 
proportion of 90- day functional dependence. Patient 

characteristics and outcomes of the training, validation 
and total cohorts were listed in table 1.

Univariate analysis of associations with 90-day functional 
dependence after ICH
Table 2 showed the univariate analysis of variables asso-
ciated with 90- day functional dependence (mRS ≥3) in 
the training cohort. For clinical applicability, contin-
uous and ordinal variables were categorised and the 

Table 1 Baseline characteristics and outcomes of the study

Characteristics
Total cohort
(n=2844)

Training cohort
(n=2111)

Validation cohort
(n=733) P value

Demographic characteristics

  Age (years) 62 (53–70) 62 (53–71) 60 (51–68) <0.001

  Male 1920 (67.5) 1421 (67.3) 499 (68.1) 0.704

Medical history

  Ischaemic stroke 288 (10.1) 183 (8.7) 105 (14.3) <0.001

  Ischaemic heart disease 99 (3.5) 76 (3.6) 23 (3.1) 0.556

  Hypertension 1838 (64.6) 1362 (64.5) 476 (64.9) 0.838

  Hyperlipidaemia 69 (2.4) 47 (2.2) 22 (3.0) 0.240

  Diabetes 261 (9.2) 188 (8.9) 73 (10.0) 0.395

Admission characteristics

  Prestroke mRS 0 (0–0) 0 (0–0) 0 (0–0) 0.008

  SBP (mm Hg) 167 (150–187) 167 (150–187) 167 (151–187) 0.334

  Baseline NIHSS 8 (4–15) 7 (3–14) 11 (5–17) <0.001

  Deep location 2336 (82.1) 1723 (81.6) 613 (83.6) 0.221

  Volume of haematoma (mL) 12.0 (5.0–26.0) 12.0 (5.0–25.0) 12.0 (5.1–30.0) 0.141

  IVH 321 (11.3) 237 (11.2) 84 (11.5) 0.864

Admission laboratory values

  White cell count (×109/L) 8.4 (6.4–10.9) 8.2 (6.3–10.7) 8.8 (6.9–11.8) <0.001

  Hb (g/L) 136 (124–147) 135 (123–146) 139 (126–151) <0.001

  PLT (×109/L) 195 (155–238) 188 (149–231) 215 (175–260) <0.001

  ANC (×109/L) 6.3 (4.5–9.1) 6.2 (4.5–8.9) 6.5 (4.6–9.6) 0.019

  ALC (×109/L) 1.2 (0.8–1.6) 1.1 (0.8–1.6) 1.3 (0.9–1.9) <0.001

  ALT (U/L) 18 (13–26) 18 (13–26) 19 (14–27) 0.005

  AST (U/L) 23 (18–30) 23 (18–30) 23 (18–30) 0.933

  GFR (mL/min/1.73 m2) 94 (80–104) 93 (80–103) 95 (81–106) 0.006

  UA (μmol/L) 308 (243–383) 311 (244–388) 307(238- 369) 0.003

  FBG (mmol/L) 6.2 (5.3–7.7) 6.1 (5.2–7.7) 6.5 (5.5–7.9) 0.001

  INR 1.0 (0.9–1.1) 1.0 (1.0–1.1) 0.9 (0.9–1.0) <0.001

Outcome

  Death at 90 days 469 (16.5) 337 (16.0) 132 (18.0) 0.199

  mRS at 90 days

   0–2 1405 (49.4) 1074 (50.9) 331 (45.2) 0.008

   3–6 1439 (50.6) 1037 (49.1) 402 (54.8)

Continuous and ordinal variables were reported as median (IQR), and categorical variables were presented as n (%).
P<0.05 was represented in bold type.
 
ALC, absolute lymphocyte count; ALT, glutamic pyruvic transaminase; ANC, absolute neutrophil count; AST, aspartate aminotransferase; FBG, 
fasting blood glucose; GFR, glomerular filtration rate; Hb, haemoglobin; INR, international normalised ratio; IVH, intraventricular haemorrhage; mRS, 
modified Rankin Scale NIHSS, National Institutes of Health Stroke Scale; PLT, platelet; SBP, systolic blood pressure; UA, uric acid.
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cut- off values were chosen based on clinical implica-
tions. Patients who suffered from functional depend-
ence were more likely ≥60 years of age, had SBP ≥180 
mm Hg and a baseline NIHSS ≥6. Their ICHs had a 
deeper location and IVH, and haematoma volume was 
≥30 mL. Abnormal clinical laboratory values included 
white cell count >10×109/L, Hb <120 g/L, NLR >10, 
AST >40 U/L, GFR <90 mL/min/1.73 m2, FBG ≥7.0 
mmol/L and INR ≥1.2.

Predictors of 90-day functional dependence after ICH
Multivariable logistic regression model was built 
to identify independent predictors of functional 
dependence at 90 days after ICH. After adjusting for 
confounding factors, nine variables were identified 
as independent predictors of functional dependence, 
including age ≥60 years, NIHSS score, deep location, 
haematoma volume, NLR >10, AST >40 U/L, GFR <90 
mL/min/1.73 m2, FBG ≥7.0 mmol/L and INR ≥1.2. No 
statistical significance was observed at the associations 
with SBP (≥180 vs <180 mm Hg, OR 1.1; 95% CI 0.9 to 
1.4; p=0.412), IVH (OR 1.1; 95% CI 0.8 to 1.7; p=0.560) 
or Hb (<120 vs ≥120 g/L, OR 1.3; 95% CI 1.0 to 1.7; 
p=0.081) (table 3).

Table 2 Univariate analysis comparing patients with and 
without functional dependence in training cohort

mRS (3–6)

P value
Yes
(n=1037)

No
(n=1074)

Demographic characteristics

  Age (years)

   <60 406 (39.2) 498 (46.4) 0.001

   ≥60 631 (60.8) 576 (53.6)

  Male 684 (66.0) 737 (68.6) 0.192

Medical history

  Ischaemic stroke 102 (9.8) 81 (7.5) 0.061

  Ischaemic heart disease 42 (4.1) 34 (3.2) 0.276

  Hypertension 672 (64.8) 690 (64.2) 0.789

  Hyperlipidaemia 20 (1.9) 27 (2.5) 0.362

  Diabetes 101 (9.7) 87 (8.1) 0.186

Admission characteristics

  Prestroke mRS 0 (0–0) 0 (0–0) 0.062

  SBP (mm Hg)

   <180 628 (45.4) 754 (54.6) <0.001

   ≥180 409 (56.1) 320 (43.9)

  Baseline NIHSS

   0–3 69 (6.7) 501 (46.6) <0.001

   4–5 54 (5.2) 222 (20.7)

   6–14 468 (45.1) 295 (27.5)

   15–40 446 (43.0) 56 (5.2)

  Deep location

   Yes 882 (85.1) 841 (78.3) <0.001

   No 155 (14.9) 233 (21.7)

  Volume of haematoma (mL)

   <30 675 (65.1) 988 (92.0) <0.001

   30–60 271 (26.1) 77 (7.2)

   >60 91 (8.8) 9 (0.8)

  IVH 159 (15.3) 78 (7.3) <0.001

Admission laboratory values

  White cell count >10×109/L 420 (40.5) 219 (20.4) <0.001

  Hb <120 g/L 241 (23.2) 179 (16.7) <0.001

  PLT <100×109/L 71 (6.8) 64 (6.0) 0.405

  NLR >10 338 (32.6) 167 (15.5) <0.001

  ALT >40 U/L 111 (10.7) 94 (8.8) 0.130

  AST >40 U/L 167 (16.1) 63 (5.9) <0.001

  GFR <90 mL/min/1.73 m2 468 (45.1) 410 (38.2) 0.001

  UA >420 μmol/L 202 (19.5) 183 (17.0) 0.147

  FBG ≥7.0 mmol/L 437 (42.1) 279 (26.0) <0.001

  INR ≥1.2 121 (11.7) 58 (5.4) <0.001

Categorical variables were presented as n (%).
P<0.05 was represented in bold type.
ALT, glutamic pyruvic transaminase; AST, aspartate aminotransferase; 
FBG, fasting blood glucose; GFR, glomerular filtration rate; Hb, 
haemoglobin; INR, international normalised ratio; IVH, intraventricular 
haemorrhage; mRS, modified Rankin ScaleNIHSS, National Institutes 
of Health Stroke Scale; NLR, neutrophil- lymphocyte ratio; PLT, platelet; 
SBP, systolic blood pressure; UA, uric acid.

Table 3 Multivariate analysis for factors associated with 
functional dependence in training cohort

Predictor variable aOR (95% CI) P value

Age ≥60 years 1.4 (1.1 to 1.8) 0.003

SBP ≥180 mm Hg 1.1 (0.9 to 1.4) 0.412

NIHSS score

  0–3 1.0 <0.001

  4–5 1.8 (1.2 to 2.7)

  6–14 10.9 (8.0 to 14.9)

  15–40 34.5 (23.2 to 51.3)

Deep location 1.5 (1.1 to 2.1) 0.014

Volume of haematoma (mL)

  <30 1.0 <0.001

  30–60 2.8 (1.9 to 4.0)

  >60 4.7 (2.1 to 10.8)

IVH 1.1 (0.8 to 1.7) 0.560

Hb <120 g/L 1.3 (1.0 to 1.7) 0.081

NLR >10 1.7 (1.3 to 2.3) <0.001

AST >40 U/L 2.4 (1.6 to 3.5) <0.001

GFR <90 mL/min/1.73 m2 1.4 (1.1 to 1.8) 0.007

FBG ≥7.0 mmol/L 1.5 (1.2 to 1.9) 0.001

INR ≥1.2 1.6 (1.0 to 2.4) 0.046

P<0.05 was represented in bold type.
aOR, adjusted OR; AST, aspartate aminotransferase; FBG, fasting 
blood glucose; GFR, glomerular filtration rate; Hb, haemoglobin; INR, 
international normalised ratio; IVH, intraventricular haemorrhage; 
NIHSS, National Institutes of Health Stroke Scale; NLR, neutrophil- 
lymphocyte ratio; SBP, systolic blood pressure.
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The ADVISING score
The ADVISING (age, deep location, volume of 
haematoma, NIHSS score, AST, INR, NLR, GFR, FBG) 
score was thus developed based on the multivariate 
logistic analysis result in the training cohort. Each of 
the nine predictors in the scoring system was weighted 
and points assigned based on the strength of association 
with β coefficients. The range of ADVISING scores was 
between 0 and 12, with a score ≥9 indicating a hundred 
per cent of functional dependence (mRS ≥3) (table 4). In 
fact, the proportion of patients who suffered from func-
tional dependence at 90 days increased with higher scores 
both in training cohort and validation cohort, as shown 

Table 4 Determinants of the ADVISING score

Predictors Score

Age (years)

  <60 0

  ≥60 1

Deep location

  No 0

  Yes 1

Volume of haematoma (mL)

  <30 0

  30–60 1

  >60 2

NIHSS score

  0–3 0

  4–5 1

  6–14 2

  15–40 3

AST (U/L)

  ≤40 0

  >40 1

INR

  <1.2 0

  ≥1.2 1

NLR

  ≤10 0

  >10 1

GFR (mL/min/1.73 m2)

  ≥90 0

  <90 1

FBG (mmol/L)

  <7.0 0

  ≥7.0 1

Total score 12

Letters underlined were used to create the name of the current 
intracerebral haemorrhage (ICH) model, ADVISING.
AST, aspartate aminotransferase; FBG, fasting blood glucose; GFR, 
glomerular filtration rate; INR, international normalised ratio; NIHSS, 
National Institutes of Health Stroke Scale NLR, neutrophil- lymphocyte 
ratio.

Table 5 Proportion of patients with functional dependence 
stratified by ADVISING score

90- day functional dependence after ICH

Training cohort (n=2111) Validation cohort (n=733)

C- statistic (95% 
CI)

0.866 (0.850 to 0.881) 0.884 (0.861 to 0.908)

Score

  0 3/23 (13.0) 0/4 (0)

  1 7/132 (5.3) 2/39 (5.1)

  2 25/222 (11.3) 5/59 (8.5)

  3 83/377 (22.0) 26/121 (21.5)

  4 177/396 (44.7) 76/149 (51.0)

  5 215/363 (59.2) 96/139 (69.1)

  6 207/255 (81.2) 67/87 (77.0)

  7 156/176 (88.6) 55/60 (91.7)

  8 103/106 (97.2) 43/43 (100.0)

  9 38/38 (100.0) 25/25 (100.0)

  10 20/20 (100.0) 7/7 (100.0)

  11 2/2 (100.0) –

  12 1/1 (100.0) –

Dichotomised score

  0–4 295/1150 (25.7) 109/372 (29.3)

  5–12 742/961 (77.2) 293/361 (81.2)

Dichotomised test characteristics (95% CI)

  Sensitivity 0.716 (0.687 to 0.743) 0.729 (0.682 to 0.771)

  Specificity 0.796 (0.770 to 0.820) 0.795 (0.746 to 0.836)

  PPV 0.772 (0.744 to 0.798) 0.812 (0.767 to 0.850)

  NPV 0.743 (0.717 to 0.768) 0.707 (0.657 to 0.752)

  PLR 3.509 (3.099 to 3.973) 3.548 (2.847 to 4.421)

  NLR 0.357 (0.324 to 0.394) 0.341 (0.290 to 0.401)

The proportion of patients was represented as n/N (%).
ICH, intracerebral haemorrhage; NLR, negative likelihood ratio; NPV, negative 
predictive value; PLR, positive likelihood ratio; PPV, positive predictive value.

Figure 1 The proportion of patients suffering from functional 
dependence at 90 days in training and validation cohorts.
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in table 5 and figure 1. In order to promote the clinical 
practice of ADVISING score, we dichotomised the score 
to 0–4 for low risk and 5–12 for high risk of functional 
dependence, and determined. The cut- off value was 
based on the optimal performance of receiver operating 
characteristic (ROC) curve analysis. Among them, 742 
(77.2%) patients in the training cohort and 293 (81.2%) 
in the validation cohort had a score ≥5, which predicted 
71.6% and 72.9% sensitivity, and 79.6% and 79.5% spec-
ificity in the training and validation cohorts, respectively. 
The detailed information dichotomised test characteris-
tics were shown in table 5.

The ADVISING score demonstrated good discrimina-
tion and calibration in training cohort (C- statistic, 0.866; 
p value of Hosmer- Lemeshow test, 0.195) and validation 
cohort (C- statistic, 0.884; p value of Hosmer- Lemeshow 
test, 0.853). Figure 2A,B shows the ROC of the model.

Comparing the ADVISING score with five other existing ICH 
scores
We compared the discriminative performance of the 
ADVISING score with five existing ICH scores including 
MICH score, ICHOP score, original ICH score, ICH- GS 
and ICH- FOS in the validation cohort (n=733). Among 
them, 27 patients were excluded for missing information 

on elements of other scores. The comparison of screening 
characteristics and scores between the ADVISING score 
and the previous risk scores was shown in online supple-
mental table S2. For functional dependence at 90 days 
after ICH, AUCs ranged from 0.750 to 0.879 (ICH score, 
0.750; MICH score, 0.757; ICH- GS, 0.759; ICHOP score, 
0.836; ICH- FOS, 0.845; ADVISING score, 0.879). The 
ADVISING score had the highest AUC. The pairwise 
difference in AUCs between the ADVISING and other 
scores showed statistical significance (all p<0.001) (online 
supplemental table S3). Figure 2C showed the ROCs of 
the mentioned scores with regard to functional depend-
ence (mRS ≥3) at 90 days. To better evaluate the perfor-
mance of predicting scores, we further calculated NRI 
and IDI in validation cohort (n=706). Reclassifications for 
patients with and without functional dependence were 
summarised in online supplemental table S4. The cut- off 
of 50% for risk categories was chosen based on the actual 
90- day dependence rate reported in previous literature.19 
Both NRI and IDI were estimated to be greater than zero 
(p<0.001) in pairwise comparison, with the greatest net 
gain in the reclassified 18.4% proportion and the highest 
improved ability in discrimination of 19.6%, suggesting 
that the ADVISING score had a significant improvement 
in performance compared with the other five existing 
ICH scores.

DISCUSSION
We developed a novel prognostic scoring system for 
patients with spontaneous ICH from the nationwide 
multicentre samples in the CHEERY study. ADVISING 
score exhibited excellent discriminative ability, and was 
well calibrated and validated in the external cohort. 
Compared with other ICH scoring models, ADVISING 
score was developed including well- recognised predic-
tors for prognosis, and selecting multisystem indicators 
to reflect the damage of other organs after ICH, which is 
expected to provide the new train of thoughts for screen, 
diagnosis, prophylaxis and treatment of ICH.

Growing evidence suggests that stroke is a systemic 
disease affecting many organ systems beyond the brain. 
Injuries after ICH consist of two main parts: one is the 
primary injury, including clot removal, haematoma 
expansion and ischaemia; the secondary injury included 
thrombin formation, inflammation, complement interac-
tion, Hb fluctuation, iron deposition, free radical forma-
tion, glutamate release, cell death pathway apoptosis, 
etc.20 Stroke- related systemic responses and inflamma-
tory/immune dysregulations may play important roles in 
brain injury, recovery and outcome.21

Multiple organ injuries after ICH include liver, 
kidney and coagulation system, mainly caused by circu-
lating inflammatory factors and oxidative stress prod-
ucts.15 16 22–24 Above all, liver injury usually leads to further 
haemostatic disorders. Population- based studies have 
found that patients with ICH have an increased rate of 
liver dysfunction, including fibrosis and cirrhosis, with 

Figure 2 Receiver operating characteristic (ROC) curve for 
90- day functional dependence (modified Rankin Scale (mRS) 
≥3). (A) ROC curve of ADVISING score in training cohort. 
(B) ROC curve of ADVISING score in validation cohort. (C) 
ROCs of ADVISING score and the other five intracerebral 
haemorrhage (ICH) scores in validation cohort. The values 
in parenthesis in (B) and (C) are areas under the curve 
(AUCs). ICH- FOS, ICH Functional Outcome Score; ICH- GS, 
ICH Grading Scale; ICHOP, ICH Outcomes Project; MICH, 
modified ICH.
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significant impairment of PLT aggregation and reduc-
tion of α2 antifibrinolytic activity, which in turn increase 
risks of ICH.25 26 As a sensitive marker of liver function, 
AST was associated with worsening of clinical outcomes 
in ICH.13 Second, renal function impairment, charac-
terised by endothelial dysfunction and lipohyalinosis, 
is also a common complication after ICH.27–29 Patients 
with ICH with chronic renal insufficiency have more 
white matter changes, haematoma growth and perihae-
matoma oedema,30 31 possibly due to renal insufficiency 
inhibiting coagulation system and PLT function through 
microparticles and microRNA.32 GFR, as a common indi-
cator reflecting renal function, was identified as an inde-
pendent predictor of in- hospital mortality after ICH in 
a previous study.14 In addition, reactive hyperglycaemia, 
mediated by cortisol and norepinephrine, induces the 
opening of the blood–brain barrier and causes vasogenic 
cerebral oedema by directly inducing neuronal apop-
tosis, increasing inflammatory cytokines such as tumour 
necrosis factor alpha and interleukin- 1 and promoting the 
production of oxygen- free radicals after ICH.33 34 Finally, 
our study found that higher baseline INR was associated 
with a 3- month poor outcome, which was in line with the 
previous study.16 In our study, we combined the above 
multisystem injury markers with traditional prognostic 
predictors and generated a novel prognostic system for 
patients with ICH.

Elevated blood leucocyte count was associated with 
higher disease severity, larger ICH volume and worse 
outcomes.35 Lower lymphocyte count was associated 
with larger haematoma volume and an independent 
predictor of risk of infection and 3- month mortality in 
ICH.36 Previous studies showed that NLR may be a useful 
biomarker for stroke severity and outcome, and higher 
NLR is associated with larger baseline haematoma volume 
and higher initial NIHSS.37 38 In our study, NLR was also 
included in the ADVISING score, which reflected the 
inflammatory and immune dimension of stroke- related 
systemic injuries and responses.

The robustness of this study is driven by large- sample, 
nationwide multicentre data. However, this study also had 
several limitations. First, this study only included data 
on Chinese people. Second, outcome data at 3 months 
were analyzed only, long outcomes like 1 year or 3 years 
of follow- up need further studies. In the mean time, the 
outcome was assessed by telephone interview and text, 
which are not as accurate as a face- to- face interview. 
Third, the laboratory variables were only drawn once on 
admission and we could not observe the dynamic changes 
of these indicators. Fourth, continuous and ordinal vari-
ables were transformed into categorical variables in the 
scale, with cut- off values determined according to the 
frequently used clinical implications rather than ROC 
analysis, which may be not statistically rigorous. Fifth, 
some patients with IVH were excluded for lacking of 
haematoma volume (which was not calculated for irreg-
ular shapes), leading to lower IVH occurrence rate and 
better outcomes of the analysed data set compared with 

excluded samples. Furthermore, we chose logistic regres-
sion model for creating this scoring system in order to 
compare this one with previous established models. 
Advanced methods including machine learning may be 
used in our future work to overcome the shortcomings of 
logistic regression. In addition, to better understand the 
mechanisms and interactions of multisystem injury after 
ICH, animal studies on biochemical mechanisms were 
expected in the future work.

In conclusion, we developed and independently vali-
dated a novel clinical prediction score for patients with 
ICH for their clinical outcomes, which features good cali-
bration and discrimination.
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Table S1 Baseline Characteristics of Included and Excluded Patients 

Characteristics 
Included 

(N=2844) 
Excluded (N=1404) P Value Excluded (N=1102)# P Value 

Demographic characteristics 

Age, years 62(53-70) 61(52-70) 0.536  61(52-70) 0.316  

Male 1920(67.5) 935/1404(66.6) 0.550  729/1102(66.2) 0.415 

Medical history    

Ischemic stroke 288(10.1) 119/1371(8.7) 0.136  82/1070(7.7) 0.019  

Ischemic heart 

disease 
99(3.5) 59/1371(4.3) 0.188  41/1070(3.8) 0.598  

Hypertension 1838(64.6) 852/1370(62.2) 0.123  667/1070(62.3) 0.183 

Hyperlipidemia  69(2.4) 47/1370(3.4) 0.062  40/1070(3.7) 0.026 

Diabetes 261(9.2) 120/1370(8.8) 0.658  90/1070(8.4) 0.455 

Admission characteristics 

Pre-stroke mRS 0(0-0) 0(0-0) 0.075 0(0-0) 0.005 

SBP, mm Hg 167(150-187) 160(140-182) <0.001 160(140-180) <0.001 

Baseline NIHSS 8(4-15) 10(3-18) <0.001 9(3-16) 0.329 

Deep location 2336(82.1) 996/1209(82.4) 0.852  785/965(81.3) 0.581 

Hematoma volume, 

mL  
12.0(5.0-26.0) 14.1(5.9-28.0) 0.011  14.3(5.9-28.0) 0.011  

IVH 321(11.3) 446/1404(31.8) <0.001 144/1102(13.1) 0.120 

Admission laboratory values 

WBC, ×109/L 8.4(6.4-10.9) 9.0(6.7-11.7) <0.001 8.4(6.4-11.4) 0.209 

Hb, g/L 136(124-147) 133(121-146) 0.001  134(121-146) 0.006 

PLT, ×10 9/L 195(155-238) 191(150-238) 0.158  188(147-234) 0.060 

ANC, ×109/L 6.3(4.5-9.1) 7.1(4.9-10.2) <0.001 6.7(4.5-9.9) 0.039 

ALC, ×109/L 1.2(0.8-1.6) 1.1(0.7-1.6) 0.012  1.1(0.8-1.6) 0.121 

ALT, U/L  18(13-26) 18(13-28) 0.328  19(13-29) 0.054  

AST, U/L 23(18-30) 22(17-29) 0.051  22(17-30) 0.055  

Cr, umol/L 68(56-84) 69(57-84) 0.526  68(57-84) 0.495 

UA, μmol/L 308(243-383) 293(223-371) <0.001 293(223-372) <0.001 

FBG, mmol/L  6.2(5.3-7.7) 6.3(5.4-7.8) 0.305  6.1(5.2-7.4) 0.016 

INR 1.0(0.9-1.1) 1.0(1.0-1.1) <0.001 1.0(1.0-1.1) 0.013 

Outcome 

Death at 90 days 469(16.5) 236/1226(19.2) 0.033  169/932(18.1) 0.246  

mRS at 90 days           

0-2 1405(49.4) 545/1226(44.5) 0.004  448/932(48.1) 0.480  

3-6 1439(50.6) 681/1226(55.5)   484/932(51.9)   

# 302 patients were excluded for IVH with unavailable hematoma volume in excluded set. 
mRS indicates the modified Rankin Scale; SBP, systolic blood pressure; NIHSS, the National Institutes of Health 

Stroke Scale; IVH, intraventricular hemorrhage; WBC, White blood cell count; Hb, Hemoglobin; PLT, Platelet; 

ANC, Absolute neutrophil count; ALC, Absolute lymphocyte count; ALT, Glutamic pyruvic transaminase; AST, 

Aspertate aminotransferase; Cr, Creatinine; UA, Uric Acid; FBG, Fasting blood-glucose; INR, International 

normalized ratio. 
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Table S2 Comparison of the screening characteristics and scores of ICH models 

ADVISING MICH ICHOP ICH Score ICH-GS ICH-FOS 

Characteristic Point Characteristic Point Characteristic Point Characteristic Point Characteristic Point Characteristic Point 

Age, years -  -  Age, years Age, years Age, years 

＜60 0     <80 0 <45  1 ≤59   0 

≥60 1     ≥80 1 45–64 2 60-69  1 

        ≥65 3 70-79  2 

          ≥80  4 

NIHSS score -   NIHSS score -   -   NIHSS score 

0-5 0   0 0     0-5  0 

6-15 2   1–4  1     6-10 2 

16-40 3   5–15  2     11-15  3 

    16–20  3     16-20  4 

    21–42  4     ≥21  5 

-   GCS score  GCS score  GCS score  GCS score  GCS score  

  15–13  0 13–15  0 13–15  0 13–15   1 15-13  0 

  12–5  1 9–12  1 5–12   1 9–12   2 9-12  1 

  4–3  2 3–8  2 3–4  2 3–8  3 3-8  2 

Deep location -   -   ICH location  ICH location  ICH location  

No 0     Supratentorial  0 Supratentorial  1 Supratentorial  0 

Yes 1     Infratentorial  1 Infratentorial  2 Infratentorial  1 

Hematoma volume, 

ml 
ICH volume, mL  

Hematoma volume, 

mL   
ICH volume, mL  ICH volume, mL  ICH volume, mL   

<30 0 ≤20   0 0 0 <30  0 
For supratentorial 

location  

For supratentorial 

location  

30-60 1 21–50  1 1–30  1 ≥30  1 <40  1 <40  0 

>60 2 ≥51  2 >30 2   40–70  2 40-70  2 

        >70  3 >70  2 

        
For infratentorial 

location  
For infratentorial location  
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        <10  1 <10 0 

        10–20  2 10-20  2 

        >20  3 >20  2 

-   
IVH or 

hydrocephalus  
-   IVH  Extension into ventricles Extension into ventricles  

  No  0   No 0 No  1 No  0 

  Yes  1   Yes 1 Yes  2 Yes  1 

FBG, mmol/L  -   -   -   -   
Admission glucose, 

mmol/L 

＜7.0 0         ≤11.0 0 

≥7.0 1         ≥11.1  1 

AST, U/L -   -   -   -   -   

≤40 0           

>40 1           

INR -   -   -   -   -   

<1.2 0           

≥1.2 1           

NLR -   -   -   -   -   

≤10 0           

>10 1           

GFR, mL/min/1.73m2 -   -   -   -   -   

≥90 0           

<90 1           

Total score 0-12 Total score 0-5 Total score 0-8 Total score 0–6 Total score 0-13 Total score 0-16 

ICH indicates intracerebral hemorrhage; MICH, modified ICH; ICHOP, ICH outcomes project score; ICH-GS, ICH grading scale; ICH-FOS, 

ICH functional outcome score; NIHSS, the National Institutes of Health Stroke Scale; GCS, Glasgow Coma Scale; IVH, intraventricular 

hemorrhage; AST, aspertate aminotransferase; INR, international normalized ratio; NLR, neutrophil lymphocyte ratio; GFR, glomerular 

filtration rate; FBG, fasting blood-glucose. 
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Table S3 Comparison in predictive power of ADVISING score and other ICH 

scores in validation cohort 

ICH Scores 

90-day functional 

dependence AUC 

(95% CI) 

Difference between 

ROCs (95% CI)   
Z P 

ADVISING 0.879(0.854-0.904) -   - 

MICH 0.757(0.722-0.793) 0.122(0.092-0.150) 8.103 <0.001 

ICHOP 0.836(0.808-0.866) 0.043(0.026-0.059) 5.015 <0.001 

ICH Score 0.750(0.714-0.786) 0.129(0.098-0.160) 8.110 <0.001 

ICH-GS 0.759(0.724-0.794) 0.120(0.089-0.151) 7.592 <0.001 

ICH-FOS 0.845(0.816-0.873) 0.034(0.017-0.051) 3.936 <0.001 

AUC (95% CI) indicates area under receiver operating characteristic curve (95% 

Confidence Interval); ICH, intracerebral hemorrhage; MICH, modified ICH; 

ICHOP, ICH outcomes project score; ICH-GS, ICH grading scale; ICH-FOS, 

ICH functional outcome score. 
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Table S4 Comparison in predictive power of ADVISING score and other ICH scores 

  The ADVISING Score   

  90-day mRS 

(3-6) (N=391) 

90-day mRS 

(0-2) (N=315) 

ICH scores Frequency 

(%) 

≤50 >50 ≤50 >50 NRI Z test P 
IDI Z test 

P 

MICH ≤50  42 88 199 48 0.134  3.455  <0.001 0.192  11.039 <0.001 

>50  17 244 33 35 

ICHOP ≤50  53 83 222 50 0.070  2.030 <0.001 0.099  9.189  <0.001 

>50  6 249 10 33 

ICH Score ≤50  50 100 212 51 0.134  3.554 <0.001 0.196  11.617  <0.001 

>50  9 232 20 32 

ICH-GS ≤50  53 125 215 55 0.184  4.618 <0.001 0.209  12.141  <0.001 

>50  6 207 17 28 

ICH-FOS ≤50  45 57 208 34 0.078  2.415 <0.001 0.084  7.636  <0.001 

>50  14 275 24 49 

mRS indicates the modified Rankin Scale; NRI, net reclassification index; IDI, integrated discrimination 

improvement; ICH, intracerebral hemorrhage; MICH, modified ICH; ICHOP, ICH outcomes project score; ICH-

GS, ICH grading scale; ICH-FOS, ICH functional outcome score. 
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