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Abstract
Introduction: The association between prediabetes and functional outcome in cer-
ebrovascular	diseases	 is	 controversial.	No	 study	has	explored	 the	 relationship	be-
tween prediabetes and functional outcome in intracerebral hemorrhage patients. 
Our	study	aimed	to	explore	the	association	between	prediabetes	and	functional	out-
come in intracerebral hemorrhage patients 1 month poststroke.
Methods: One	hundred	 and	 fifty	 intracerebral	 hemorrhage	patients	were	 consec-
utively recruited within the first 24 hr after admission and were followed up for 
1	month.	Patients	were	divided	into	a	diabetes	mellitus	group,	a	prediabetes	group,	
and	a	nondiabetic	group	by	fasting	glucose	 levels,	2-hr	postprandial	blood	glucose	
levels,	 and	 glycosylated	 hemoglobin	 levels.	 Patients	 with	 modified	 Rankin	 Scale	
scores >2 at 1 month were defined as having a poor functional outcome.
Results: The prediabetes group had a higher risk of poor functional outcome than the 
nondiabetic	group	in	intracerebral	hemorrhage	patients	(37.9%	vs.	9.8%,	χ2	=	11.521,	
p	=	.001).	According	to	the	logistic	regression	analyses,	prediabetes	was	associated	
with a poor functional outcome in intracerebral hemorrhage patients after adjusting 
for	confounding	factors	(odds	ratio	=	6.167,	95%	confidence	interval	=	1.403–27.102,	
p = .016).
Conclusions: Our	findings	show	that	prediabetes	is	associated	with	a	poor	functional	
outcome in intracerebral hemorrhage patients 1 month poststroke.
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1  | INTRODUC TION

Stroke,	a	common	cerebrovascular	disease,	has	been	a	concern	for	its	
high	disability	rate,	high	fatality	rate,	and	serious	social	harmfulness	
(Feigin	et	al.,	2014).	The	stroke	burden	 in	China	has	 increased	over	
the	past	30	years	(Wang	et	al.,	2017).	Acute	ischemic	stroke	and	in-
tracerebral	hemorrhage	account	for	approximately	70%	and	20%	of	
all	stroke,	respectively	(Wang	et	al.,	2017).	Chinese	populations	have	
a higher proportion of intracerebral hemorrhage than white popula-
tions	(Tsai,	Jeng,	Anderson,	&	Sudlow,	2017).	Despite	the	well-doc-
umented	 effectiveness	 of	 early	 rehabilitation	 for	 acute	 stroke,	 the	
majority	 of	 stroke	 survivors	 still	 suffer	 from	 physical	 impairment,	
which	may	lead	to	a	poor	quality	of	life	(Wolfe	et	al.,	2011).	Therefore,	
early prediction of functional outcome in acute stroke patients is of 
crucial clinical significance to achieve optimal treatment outcome.

Prediabetes	(PreDM),	a	state	between	normal	glucose	metabo-
lism	and	diabetes	(DM),	is	characterized	by	impaired	fasting	glucose	
(IFG)	and/or	impaired	glucose	tolerance	(IGT)	and/or	abnormal	glyco-
sylated	hemoglobin	(HbA1c)	levels	(American	Diabetes	Association,	
2014).	 Previous	 studies	 have	 shown	 that	 PreDM	 is	 a	 strong	 risk	
factor	 for	DM.	Approximately	5%–10%	of	PreDM	cases	will	 prog-
ress	to	DM	annually	(American	Diabetes	Association,	2014;	Tabak,	
Herder,	Rathmann,	Brunner,	&	Kivimaki,	2012).	The	high	prevalence	
of	PreDM	during	the	acute	period	of	stroke	can	be	transient	or	per-
sistent,	 representing	 undiagnosed	 abnormal	 glucose	 metabolism	
(Fonville,	Zandbergen,	Koudstaal,	&	den	Hertog,	2014).	A	previous	
study	has	suggested	that	both	poor	control	and	extremely	intensive	
diabetes control might be associated with an increased risk of intra-
cerebral	hemorrhage	(Saliba	et	al.,	2019).	Whether	PreDM	increases	
the	risk	of	intracerebral	hemorrhage	is	still	unknown.	Nineteen	case–
control	 studies	 involving	3,397	people	with	 ICH	and	5,747	people	
without	ICH	found	an	association	between	DM	and	ICH	occurrence,	
which suggested that there may be modest associations between 
DM	 and	 ICH	 occurrence	 and	 outcome	 (Boulanger,	 Poon,	Wild,	 &	
Salman,	2016).	Therefore,	we	hypothesized	that	PreDM	might	be	re-
lated	to	functional	outcome	in	intracerebral	hemorrhage	patients.	In	
this	study,	we	aimed	to	explore	the	association	between	PreDM	and	
functional outcome in intracerebral hemorrhage patients.

2  | METHODS

2.1 | Study population

Patients with intracerebral hemorrhage were sent to the emergency 
center of our hospital. Brain CT scans were performed in all patients 
by professional radiologists at admission. Patients with unstable 
vital signs were transferred to the intensive care unit. Patients with 
surgical indications and whose families agreed to the operation were 
transferred to neurosurgery for surgery. The remaining patients 
were	 hospitalized	 in	 the	 stroke	 unit.	 Patients	 with	 the	 spontane-
ous intracerebral hemorrhage who were consecutively admitted to 
the	stroke	unit	of	our	hospital	between	April	2014	and	June	2017	

were screened for study entry. This study obtained the approval 
of	 the	 Medical	 Ethics	 Committee	 of	 the	 First	 Affiliated	 Hospital	
of	Wenzhou	Medical	University.	All	subjects	gave	signed	informed	
consent	 to	 participate	 in	 the	 study,	 which	 was	 approved	 by	 the	
Institutional	Review	Board	 (IRB)	of	The	First	Affiliated	Hospital	of	
Wenzhou	Medical	University.	The	clinical	research	described	in	the	
manuscript	was	 carried	out	 in	 accordance	with	 the	Declaration	of	
Helsinki,	 promulgated	 by	 the	National	 Institute	 of	Health.	 The	 in-
clusive	criteria	were	as	follows:	(a)	age	18–80	years;	(b)	intracerebral	
hemorrhage occurring within 7 days of entering the stroke unit; (c) 
diagnosed	by	computerized	tomography	(CT);	(d)	the	ability	and	will-
ingness	to	provide	follow-up	information;	and	(e)	complete	informa-
tion	including	fasting	blood	glucose,	postprandial	blood	glucose	2	hr	
after	an	oral	glucose	tolerance	test	(OGTT)	and	HbA1c.	We	excluded	
patients who met the following criteria: (a) traumatic intracerebral 
hemorrhage and subarachnoid hemorrhage; (b) hemorrhagic infarc-
tion	 or	 hemorrhagic	 transformation;	 and	 (c)	 extremely	 irregularity	
hematoma.

2.2 | Clinical variables

All	data	 for	 this	 study	were	collected	with	 standardized	question-
naires,	which	 included	questions	regarding	demographic	data	 (age,	
sex,	 etc.),	 lifestyle	 characteristics	 (smoking	 status,	 alcohol	 intake,	
etc.),	and	health	status	 (hypertension,	hyperlipidemia,	coronary	ar-
tery	disease,	history	of	stroke,	etc.),	and	the	time	from	stroke	onset	
to	admission,	by	trained	physicians	three	to	five	days	after	admission.	
Brain CT scans were performed in all patients by professional radi-
ologists at admission. Brain CT scans were performed again 7 days 
after	onset	in	hemorrhagic	stroke	patients.	The	images	were	viewed,	
and the imaging reports were written by an imaging physician spe-
cializing	in	CT.	The	volume	of	lesion	and	hematoma	in	hemorrhagic	
stroke	 patients	was	 calculated	 using	 the	 2/3Sh	 formula	 at	 admis-
sion	(Yan	et	al.,	2013;	Zhao	et	al.,	2010).	The	volume	of	edema	was	
calculated by subtracting the volume of the lesion from that of the 
hematoma.	Hematoma	expansion	was	defined	as	an	increase	in	the	
absolute baseline volume of hematoma by either 33% or >12.5 ml on 
the	brain	CT	7	days	after	stroke	onset	(Mayer	et	al.,	2005).	Edema	
extension	distance	(EED),	a	recently	proposed	novel	edema	metric,	
was	used	in	the	primary	analysis.	The	EED	represented	the	average	
thickness in centimeters of the edema around the intracerebral hem-
orrhage and was calculated using the following equation: (3 (Edema 
volume + intracerebral hemorrhage volume) /4π)	 1/3-	 (3(intracer-
ebral hemorrhage volume)/4π)	1/3	(Parry-Jones	et	al.,	2015).

2.3 | Definition of prediabetes

Blood samples were obtained from all patients within 24 hr of 
admission.	 Fasting	 plasma	 glucose	 levels	 were	measured	 by	 the	
hexokinase	 (HK)	 method	 on	 the	 first	 morning	 after	 admission	
after	 a	 12-hr	 overnight	 fast	 and	 resting	 period.	 HbA1c	 levels	
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were	 measured	 by	 ion-exchange	 chromatography	 on	 the	 first	
morning	 after	 admission	 after	 a	 12-hr	 overnight	 fast	 and	 rest-
ing period. Postprandial blood glucose levels were measured 
by	 the	HK	method	2	hr	 after	 an	OGTT	 (Hagura,	2005).	Patients	
were	 divided	 into	 three	 groups:	 a	 DM	 group,	 a	 PreDM	 group,	
and	 a	 non-DM	 group.	 DM	was	 defined	 as	 a	 fasting	 plasma	 glu-
cose	 level	 ≥7.0	mmol/L,	 a	 postprandial	 blood	 glucose	 2	 hr	 after	
an	OGTT	≥11.1	mmol/L,	an	HbA1c	level	≥6.5%,	or	a	history	of	in-
sulin	 or	 oral	 antidiabetic	 agent	 use.	 PreDM	was	 defined	 as	 hav-
ing	 impaired	fasting	glucose	 (IFG)	 (5.6	mmol/L	to	6.9	mmol/L)	or	
impaired	glucose	tolerance	(IGT)	(2	hr	postprandial	blood	glucose	
levels,	7.8	mmol/L	to	11.0	mmol/L)	and/or	disturbed	HbA1c	levels	
(5.7%–6.4%)	(American	Diabetes	Association,	2014).	Non-DM	was	
defined	as	fasting	plasma	glucose	levels	<5.6	mmol/L,	HbA1c	lev-
els	<5.7%,	and	2	hr	postprandial	blood	glucose	levels	<7.8	mmol/L.	
In	addition,	PreDM	with	a	single	factor	was	defined	as	having	only	
one	of	the	following	factors:	IFG,	IGT,	and	disturbed	HbA1c	levels.	
PreDM	with	multiple	factors	was	defined	as	having	two	or	more	of	
the	following	factors:	IFG,	IGT,	and	disturbed	HbA1c	levels.

2.4 | Scale measurement

The	severity	of	stroke	was	assessed	by	the	National	 Institutes	of	
Health	Stroke	Scale	(NIHSS)	at	admission.	The	functional	outcome	

was	measured	by	the	modified	Rankin	Scale	(mRS)	at	the	1-month	
follow-up.	Patients	with	mRS	scores	>2	were	defined	as	having	poor	
functional	outcomes.	All	of	the	measurements	were	performed	by	
the	researchers,	who	were	blinded	to	the	laboratory	results.

2.5 | Statistical analysis

Results	were	 expressed	 as	 a	 number	 (percentages)	 for	 categori-
cal	 variables	 and	 as	 means	 (standard	 deviation,	 SD) or medians 
(interquartile	 range)	 for	 continuous	 variables,	 depending	 on	 the	
normal or nonnormal distribution of the data. The differences 
among	three	groups	were	tested	by	one-way	analysis	of	variance	
(ANOVA)	 or	 the	 Kruskal–Wallis	 H	 test	 for	 continuous	 variables,	
as appropriate. When there were significant differences among 
the	 three	groups,	 the	Bonferroni	 test	was	used	 to	 assess	differ-
ences	 in	 two-group	 comparisons.	 The	 differences	 between	 two	
groups	were	compared	by	Student's	t	 test	and	Mann–Whitney	U 
test as appropriate. Categorical variables were compared using 
the	 chi-square	 test.	Missing	 data	 were	 addressed	 by	 case	 dele-
tion.	The	role	of	PreDM	in	functional	outcome	1	month	poststroke	
among intracerebral hemorrhage patients was evaluated by logis-
tic regression analysis after adjusting for the variables related to 
functional outcome in the univariate analyses. The results were 
expressed	 as	 adjusted	 odds	 ratios	 (ORs)	with	 the	 corresponding	

F I G U R E  1  Study	recruitment	
profile.	DM,	diabetes	mellitus;	PreDM,	
prediabetes
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95%	confidence	intervals	(CIs).	All	statistical	tests	were	performed	
with	SPSS	for	Windows	(Release	19.0;	SPSS).	p < .05 was consid-
ered statistically significant.

3  | RESULTS

In	this	study,	a	total	of	174	patients	admitted	with	acute	stroke	were	
screened,	and	158	met	the	entry	criteria	(Figure	1).	By	the	time	of	fol-
low-up	of	1	month	poststroke,	there	were	150	patients	included	in	our	
study,	and	8	(5.1%)	patients	dropped	out	of	this	study.	The	excluded	
patients	had	lower	NIHSS	scores	than	the	included	patients	(2(1–2)	vs.	

4(2–8),	Z	=	−2.417,	p	=	 .016).	There	were	no	differences	 in	age,	sex,	
or	 glycemic	 status	 between	 the	 excluded	patients	 and	 the	 included	
patients	(age:	53	±	15	vs.	61	±	12,	t	=	0.578,	p	=	.06;	sex:	2(25%)	vs.	
51(34%),	χ2	=	0.274,	p	=	.601;	glycemic	status	(DM/PreDM/non-DM):	
25.0%/62.5%/12.5%	vs.	34.0%/38.7%/27.3%,	χ2	=	0.043,	p = .836).

There were 150 intracerebral hemorrhage patients consisting 
of	 51	 (36.8%)	 females,	 and	 the	 average	 age	was	 61	 ±	 12	 years.	
There were 123 (82%) patients who were sent to the emergency 
center of our hospital within 24 hr. There was a significant differ-
ence	 in	the	risk	of	poor	functional	outcome	among	the	non-DM,	
PreDM,	and	DM	groups	 (9.8%	vs.,	37.9%	vs.	51.2%,	respectively,	
χ2	=	19.444,	p < .001). The risk of poor functional outcome in the 

 Non-DM（n = 51）
PreDM
(n = 58)

DM
(n = 41) p

Age	(years),
median	(q1,	q3)

58 ± 12 61 ± 12 65 ± 12a .017

Female	sex,	n (%) 13 (25.5) 22 (37.9) 16 (39.0) .286

Risk	factors,	n (%)     

Hypertension 33 (64.7) 44 (75.9) 31 (75.6) .361

Hyperlipidemia 0 (0) 11 (19.0)b 11 (26.8)a .001

CAD 0 (0) 0 (0)c 4 (9.8)a .004

History of stroke 6 (11.8) 8 (13.8) 3 (7.3) .601

Current smoking 21 (41.2) 21 (36.2) 15 (36.6) .847

Current drinking 23 (45.1) 19 (32.8) 17 (41.5) .399

Lesion	location,	n (%)    .885

Brain lobe 4 (7.8) 5 (8.6) 3 (7.3)  

Basal ganglia 25 (49.0) 23 (39.7) 20 (48.8)  

Thalamus 7 (13.7) 12 (20.7) 6 (14.6)  

Brainstem 5 (9.8) 5 (8.6) 5 (12.2)  

Cerebellum 4 (7.8) 6 (10.3) 4 (9.8)  

Other 6 (11.8) 7 (12.1) 3 (7.3)  

Hematoma volume 4.41	(1.33–11.75) 7.40 
(4.30–16.78)b

5.63 
(2.57–14.72)

.022

Hematoma 
enlargement

14 (27.5) 20 (34.5) 15 (36.6) .605

Edema volume 6.88	(2.45–12.16) 11.1 
(3.47–26.21)

7.31 
(3.79–22.96)

.104

Edema	extension	
distance

0.72	(−0.24–1.71) 0.82 
(0.30–1.58)

0.87 
(0.02–1.53)

.582

Time from stroke 
onset to admission 
(hours)

7	(3–24) 8.5	(3–24) 8	(3–48) .716

NIHSS	scores,	n (%) 3	(1–6) 4	(2–9) 7	(2–10)a .037

mRS	scores	＞2,	n(%) 5 (9.8) 22 (37.9)b 21 (51.2)a ＜.001

Note: Values	are	shown	as	number	(percentage)	or	as	median	(quartiles).
Abbreviation:	CAD,	coronary	artery	disease;	DM,	diabetes	mellitus;	EED,	edema	extension	
distance;	IQR,	interquartile	range;	mRS,	Modified	Rankin	Scale;	NIHSS,	National	Institutes	of	
Health	Stroke	Scale;	PreDM,	prediabetes.
ap	<	.05	for	comparison	between	DM	and	non-DM.	
bp	<	.05	for	comparison	between	PreDM	and	non-DM.	
cp	<	.05	for	comparison	between	PreDM	and	DM.	

TA B L E  1   Baseline clinical 
characteristics and outcome data in 
nondiabetic,	prediabetic,	and	diabetic	
patients with intracerebral hemorrhage
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PreDM	 group	was	 higher	 than	 in	 the	 non-DM	 group	 among	 in-
tracerebral	 hemorrhage	 patients	 (37.9%	 vs.	 9.8%,	 χ2	 =	 11.521,	
p = .001) (Table 1).

The	 PreDM	 group	 was	 divided	 into	 two	 subgroups:	 PreDM	
with	a	single	factor	and	PreDM	with	multiple	factors.	There	were	
37	and	21	patients	in	the	PreDM	with	a	single	factor	group	and	the	
PreDM	with	multiple	factors	group,	respectively.	There	was	a	sig-
nificant difference in the risk of poor functional outcome among 
the	non-DM	group,	PreDM	with	a	single	factor	group,	and	PreDM	
with	multiple	 factors	 group	 (9.8%	 vs.,	 37.8%	 vs.,	 38.1%,	 respec-
tively,	χ2	=	11.522,	p	=	.003).	The	PreDM	with	a	single	factor	group	
had	 a	 higher	 risk	 of	 poor	 functional	 outcome	 than	 the	 non-DM	
group	(37.8%	vs.,	9.8%,	χ2	=	9.954,	p	=	.002).	The	PreDM	with	multi-
ple factors group also had a higher risk of poor functional outcome 
than	 the	 non-DM	group	 (38.1%	 vs.,	 9.8%,	χ2	 =	 8.047,	p = .005). 
However,	 there	was	 no	difference	 in	 the	 risk	 of	 poor	 functional	
outcome	between	the	PreDM	with	a	single	factor	group	and	the	
PreDM	with	multiple	factors	group	(37.8%	vs.	38.1%,	χ2	=	0.000,	
p	=	.958)	(Figure	2).

The associations between potential risk factors and functional out-
come in intracerebral hemorrhage patients are described in Table 2. 
Poor	functional	outcome	is	related	to	age,	hyperlipidemia,	hematoma	
volume	and	edema	volume,	hematoma	enlargement,	glycemic	status	
and	NIHSS	scores	(all	p	<	.05).	In	the	logistic	regression	analysis,	PreDM	
was associated with a poor functional outcome after adjusting for pos-
sible	variables	(OR	=	6.167,	95%	CI	=	1.403–27.102,	p	=	.016).	In	addition,	
a	large	hematoma	volume,	hematoma	enlargement,	high	NIHSS	scores	
and	DM	were	associated	with	a	poor	functional	outcome	(OR	=	1.202,	
95%	CI	=	1.072–1.348,	p	=	.002;	OR	=	3.851,	95%	CI	=	1.286–11.530,	

p	=	 .016;	OR	=	1.281,	95%	CI	=	1.144–1.434,	p	<	 .001;	OR	=	8.605,	
95%CI	=	1.774–41.747,	p = .08) (Table 3).

4  | DISCUSSION

To	 the	best	of	our	knowledge,	 this	 is	 the	 first	 study	exploring	 the	
association	between	PreDM	and	functional	outcome	among	intrac-
erebral	 hemorrhage	 patients.	 In	 the	 present	 study,	we	 found	 that	
PreDM	was	associated	with	poor	functional	outcome	among	intrac-
erebral	hemorrhage	patients.	Our	findings	suggest	that	it	 is	neces-
sary	for	a	clinical	physician	to	reduce	the	PreDM	patient's	glucose	
levels to normal after intracerebral hemorrhage.

In	our	study,	we	observed	that	38.7%	of	intracerebral	hemorrhage	
patients	 were	 defined	 as	 PreDM	 at	 admission,	 which	 is	 consistent	
with	 the	occurrence	 rate	of	PreDM	among	 ischemic	 stroke	patients	
and	 the	 general	 population	 (Mijajlovic,	 Aleksic,	 Sternic,	Mirkovic,	 &	
Bornstein,	2017;	Vijayakumar	et	al.,	2019).	We	found	that	the	PreDM	
group	had	a	higher	risk	of	poor	functional	outcome	than	the	non-DM	
group	 among	 intracerebral	 hemorrhage	patients.	After	 adjusting	 for	
possible	factors,	PreDM	was	still	associated	with	poor	functional	out-
comes	 among	 intracerebral	 hemorrhage	 patients.	 Many	 (Boulanger	
et	 al.,	 2016;	 Ferrete-Araujo,	 Egea-Guerrero,	 Vilches-Arenas,	 Godoy,	
&	Murillo-Cabezas,	 2015;	 Kojic,	 Burina,	 Hodzic,	 Pasic,	 &	 Sinanovic,	
2009;	Zhang	et	 al.,	 2018)	 but	 not	 all	 (Narayan,	 Sivaprasad,	 Sushma,	
Sahoo,	&	Dutta,	2012;	Q.	Wang	et	al.,	2015)	studies	have	shown	that	
diabetes is a predictor of poor outcomes in intracerebral hemorrhage 
patients. Previous studies have shown that early hyperglycemia wors-
ens	 the	prognosis	of	 intracerebral	hemorrhage	patients	 (Appelboom	
et	al.,	2011;	Bejot	et	al.,	2012;	Stead	et	al.,	2010;	Tapia-Perez,	Gehring,	
Zilke,	&	Schneider,	2014).	Both	diabetes	and	stress	hyperglycemia	may	
be	associated	with	poor	prognosis	 (Passero,	Ciacci,	&	Ulivelli,	 2003;	
Wang,	Wang,	Zhang,	&	Qin,	2011).	A	previous	study	argued	that	hy-
perglycemia during the acute period of intracerebral hemorrhage is a 
stress	reaction	caused	by	a	large	hematoma	(Tetri,	Juvela,	Saloheimo,	
Pyhtinen,	 &	 Hillbom,	 2009).	 However,	 PreDM	 was	 still	 associated	
with poor functional outcome after adjusting for hematoma volume 
in	 this	 study.	 Therefore,	 the	 relationship	 between	PreDM	and	 poor	
functional	outcome	might	not	be	completely	explained	by	the	stress	
reaction.	An	elevated	level	of	HbA1c	has	been	shown	to	be	a	predictor	
of	poor	outcome	in	patients	with	intracerebral	hemorrhage	(Liu	et	al.,	
2019;	Zhang	et	al.,	2015).	Even	previous	studies	suggested	that	IFG,	
IGT	and	impaired	glucose	regulation	were	associated	with	poor	func-
tional	outcome	among	intracerebral	hemorrhage	patients,	respectively	
(Osei	et	al.,	2017;	Sun	et	al.,	2016),	although	the	association	between	
PreDM	and	functional	outcome	among	intracerebral	hemorrhage	pa-
tients	has	not	been	previously	studied.	Due	to	the	high	prevalence	of	
PreDM	in	intracerebral	hemorrhage	patients	and	the	effect	of	PreDM	
on	functional	outcome,	it	is	necessary	for	clinical	physicians	to	reduce	
the	glucose	levels	of	intracerebral	hemorrhage	patients	with	PreDM.	
In	addition,	we	found	that	the	PreDM	with	a	single	factor	group	and	
the	PreDM	with	multiple	factors	group	both	had	a	higher	risk	of	poor	
functional	outcome	than	the	non-DM	patient	group;	thus,	we	should	

F I G U R E  2   The occurrence rate of poor functional outcome 
among	non-DM	group,	PreDM	with	a	risk	factor	group,	and	PreDM	
with	multiple	factors.	DM,	diabetes	mellitus;	PreDM,	prediabetes
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begin therapy at once when intracerebral hemorrhage patients are di-
agnosed	with	PreDM	at	admission.

The underlying mechanism of poor functional outcome caused 
by	PreDM	is	still	unknown.	The	association	of	DM	and	poor	func-
tional outcome in patients with spontaneous intracerebral hemor-
rhage	could	be	explained	by	the	following	aspects.	First,	it	might	be	
mediated	by	mechanisms	such	as	the	association	between	DM	and	

the	occurrence	of	cerebral	small	vessel	disease	(Hankey	et	al.,	2013)	
and	the	association	between	hyperglycemia	and	ICH	volume	expan-
sion	(Boulanger	et	al.,	2016).	Clinical	research	has	revealed	that	hy-
perglycemia	is	a	risk	factor	for	cerebral	microbleeds	(Caunca	et	al.,	
2016),	which	lead	to	larger	lobar	and	deep	hematoma	among	intra-
cerebral	hemorrhage	patients	 (Boulouis	et	al.,	2016).	 In	 this	 study,	
the	PreDM	group	had	a	larger	hematoma	volume	than	the	non-DM	
group.	Meanwhile,	our	study	showed	that	 large	hematoma	volume	
and hematoma enlargement are associated with a poor functional 
outcome.	Therefore,	we	speculated	that	in	intracerebral	hemorrhage	
patients	with	PreDM,	a	 large	hematoma	volume	might	be	one	of	a	
number	of	possible	underlying	mechanisms.	Second,	hyperglycemia	
was	closely	related	to	cerebral	edema	and	peri-hematomal	cell	death,	
which	may	be	one	of	 the	mechanisms	by	which	DM	leads	to	poor	
outcomes	(Song	et	al.,	2003).	However,	no	significant	difference	in	
EED	was	found	among	the	non-DM	group,	PreDM	group,	and	DM	
group	 in	 the	 study.	 Therefore,	 this	 cannot	 explain	 the	 poor	 func-
tional	outcome	caused	by	PreDM.	In	addition,	hyperglycemia	itself	
probably	results	in	neurotoxicity	(Chiu	et	al.,	2013;	Song	et	al.,	2003),	
and	 it	exacerbates	cerebral	 injury	through	oxidative	stress,	 inflam-
mation,	and	neuronal	apoptosis	(Cao,	Du,	Zhang,	Yan,	&	Hu,	2015).	
Abnormal	 intracellular	 calcium	 recovery	due	 to	hyperglycemia	has	
been considered to play a role in the pathophysiology of poor neuro-
logical	recovery	(Mechanick,	2006).	Because	of	the	limitations	of	the	
research	design,	the	study	did	not	explore	the	difference	in	oxida-
tive	stress,	inflammation,	and	neuronal	apoptosis	between	different	
glycemic	status	groups.	Further	studies	are	needed	to	explore	 the	
underlying mechanism.

There	are	several	limitations	in	our	study.	First,	the	use	of	anti-
diabetic medicine after intracerebral hemorrhage was not recorded. 
Second,	 the	 level	 of	 glucose	 was	 assessed	 only	 once	 at	 admis-
sion.	Third,	1	month	was	 chosen	 for	 the	assessment	of	 functional	

TA B L E  2   Baseline clinical characteristics in intracerebral 
hemorrhage patients with good and poor functional outcome

 
Good outcome
(n = 102)

Poor outcome
(n = 48) p value

Age	(years),	median	
(q1,	q3)

59 ± 11 65 ± 13 .009

Female	sex,	n (%) 30 (29.4) 21 (43.8) .084

Risk	factors,	
n (%)

   

Hypertension 71 (69.6) 37 (77.1) .342

Hyperlipidemia 11 (10.8) 11 (22.9) .050

CAD 2 (2.0) 2 (4.2) .434

History of stroke 11 (10.8) 6 (12.5) .757

Current smoking 43 (42.2) 14 (29.2) .126

Current drinking 40 (39.2) 19 (39.6) .966

Lesion	location,	
n (%)

  .970

Brain lobe 9 (8.8) 3 (6.3)  

Basal ganglia 43 (42.2) 25 (52.1)  

Thalamus 19 (18.6) 6 (12.5)  

Brainstem 11 (10.8) 4 (8.3)  

Cerebellum 11 (10.8) 3 (6.3)  

Other 9 (8.8) 7 (14.5)  

Lesion	area	(ml)
median	(q1,	q3)

   

Hematoma 
volume

4.27 
(1.47–8.29)

14.72 
(6.99–23.33)

<.001

Edema volume 5.60 
(1.77–11.88)

20.63 
(7.34–36.18)

<.001

Hematoma 
enlargement

28 (27.5) 21 (43.8) .047

Edema	extension	
distance

0.79 
(0.06–1.73)

0.77 
(0.39–1.50)

.672

Time from 
stroke onset to 
admission (hr)

9.5	(3–24) 7.5	(3–24) .727

NIHSS 3（1–5） 10	(6–13) <.001

Glycemic status   <.001

Non-DM 46 (45.1) 5 (10.4)  

PreDM 36 (35.3) 22 (45.8)  

DM 20 (19.6) 21 (43.8)  

Note: Values	are	shown	as	number	(percentage)	or	as	median	(quartiles).
Abbreviation:	CAD,	coronary	artery	disease;	DM,	diabetes	mellitus;	
IQR,	interquartile	range;	PreDM,	prediabetes;	NIHSS,	National	
Institutes	of	Health	Stroke	Scale.

TA B L E  3  Adjusted	OR	of	poor	functional	outcome	for	
prediabetes in patients with intracerebral hemorrhage

Variables OR 95% CI p value

Age   .302

Sex   .268

Hyperlipidemia   .308

Hematoma volume 1.202 1.072–1.348 .002

Edema volume   .375

Hematoma 
enlargement

3.851 1.286–11.530 .016

Time from stroke 
onset to admission

  .219

NIHSS 1.281 1.144–1.434 <.001

Glycemic status   .021

PreDM 6.167 1.403–27.102 .016

DM 8.605 1.774–41.747 .008

Abbreviation:	CI,	confidence	intervals;	DM,	diabetes	mellitus;	NIHSS,	
National	Institutes	of	Health	Stroke	Scale,	OR,	odds	ratios;	PreDM,	
prediabetes.
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outcome	and	not	3	or	6	months,	which	might	be	more	appropriate	
for	 assessing	 functional	 outcome.	 Fourth,	 the	 sample	 size	 of	 our	
study	was	small.	Fifth,	patients	with	unstable	vital	signs	and	patients	
who	chose	to	undergo	surgery	were	excluded,	so	the	hematoma	vol-
ume for all included patients was relatively small.

5  | CONCLUSIONS

In	conclusion,	our	study	demonstrates	that	PreDM	is	associated	with	
a	poor	functional	outcome	after	intracerebral	hemorrhage.	PreDM,	
which is a prevalent glycemic status in intracerebral hemorrhage pa-
tients,	should	be	given	more	attention.	Our	findings	have	substan-
tial implications for the early prediction of functional outcome and 
improvement of functional outcome among intracerebral hemor-
rhage	patients.	A	 large	sample	size	study	 is	needed	to	explore	the	
relationship	between	PreDM	and	the	long-term	functional	outcome	
of	intracerebral	hemorrhage,	and	the	underlying	mechanism	of	our	
findings	needs	to	be	further	explored.

ACKNOWLEDG EMENTS
This	 study	 was	 supported	 by	 the	 Wenzhou	 Municipal	 Sci-Tech	
Bureau	 Program	 (Y20160002),	 the	 National	 Key	 Technology	
Research	 and	 Development	 Program	 of	 the	Ministry	 of	 Science	
and	Technology	of	China	(grant	number:	2015BAI13B01),	and	the	
Projects	of	National	Science	Foundation	of	China	(No.	81873799).	
These	sources	had	no	further	role	in	the	study	design,	data	collec-
tion	and	analysis,	the	decision	to	publish,	or	the	preparation	of	the	
article.	We	express	our	 gratitude	 to	 all	 the	patients,	 the	nurses,	
and physicians who participated in this study and thereby made 
this work possible.

CONFLIC T OF INTERE S T
The authors declare that there are no conflicts of interest.

DATA AVAIL ABILIT Y S TATEMENT
This	study	protocol	was	approved	by	the	Medical	Ethics	Committee	
of	the	First	Affiliated	Hospital	of	Wenzhou	Medical	University.	All	
procedures performed involving human participants were in accord-
ance with the ethical standards of the institutional and national re-
search	 committee	 and	with	 the	 1964	Helsinki	Declaration	 and	 its	
later	amendments	or	comparable	ethical	 standards.	 Informed	con-
sent was obtained from all individual participants included in the 
study. The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

ORCID
Jincai He  https://orcid.org/0000-0002-5493-4357 

R E FE R E N C E S
American	Diabetes	Association.	 (2014).	Diagnosis	 and	 classification	of	

diabetes mellitus. Diabetes Care,	37(Suppl	1),	S81–S90.

Appelboom,	G.,	Piazza,	M.	A.,	Hwang,	B.	Y.,	Carpenter,	A.,	Bruce,	S.	S.,	
Mayer,	 S.,	&	Connolly,	 E.	 S.	 (2011).	 Severity	 of	 intraventricular	 ex-
tension correlates with level of admission glucose after intracerebral 
hemorrhage. Stroke,	 42(7),	 1883–1888.	 https	://doi.org/10.1161/
STROK	EAHA.110.608166

Béjot,	 Y.,	 Aboa-Eboulé,	 C.,	 Hervieu,	 M.,	 Jacquin,	 A.,	 Osseby,	 G.-V.,	
Rouaud,	O.,	&	Giroud,	M.	 (2012).	 The	deleterious	 effect	 of	 admis-
sion hyperglycemia on survival and functional outcome in patients 
with intracerebral hemorrhage. Stroke,	43(1),	 243–245.	 https	://doi.
org/10.1161/STROK	EAHA.111.632950

Boulanger,	M.,	 Poon,	M.	 T.,	Wild,	 S.	H.,	 &	 Al-Shahi	 Salman,	 R.	 (2016).	
Association	between	diabetes	mellitus	and	the	occurrence	and	out-
come of intracerebral hemorrhage. Neurology,	87(9),	870–878.	https	
://doi.org/10.1212/WNL.00000	00000	003031

Boulouis,	 G.,	 van	 Etten,	 E.	 S.,	 Charidimou,	 A.,	 Auriel,	 E.,	 Morotti,	 A.,	
Pasi,	M.,	…	Gurol,	M.	 E.	 (2016).	Association	of	 key	magnetic	 reso-
nance imaging markers of cerebral small vessel disease with hema-
toma	volume	and	expansion	 in	patients	with	 lobar	and	deep	 intra-
cerebral hemorrhage. JAMA Neurol,	73(12),	1440–1447.	https	://doi.
org/10.1001/jaman eurol.2016.2619

Cao,	X.	L.,	Du,	J.,	Zhang,	Y.,	Yan,	J.	T.,	&	Hu,	X.	M.	(2015).	Hyperlipidemia	
exacerbates	 cerebral	 injury	 through	 oxidative	 stress,	 inflammation	
and	 neuronal	 apoptosis	 in	 MCAO/reperfusion	 rats.	 Experimental 
Brain Research,	 233(10),	 2753–2765.	 https	://doi.org/10.1007/
s00221-015-4269-x

Caunca,	M.	R.,	Del	Brutto,	V.,	Gardener,	H.,	Shah,	N.,	Dequatre-Ponchelle,	
N.,	Cheung,	Y.	K.,	…	Wright,	C.	B.	(2016).	Cerebral	microbleeds,	vas-
cular	 risk	 factors,	 and	 magnetic	 resonance	 imaging	 markers:	 The	
Northern	Manhattan	Study.	Journal of the American Heart Association,	
5(9).	https	://doi.org/10.1161/JAHA.116.003477

Chiu,	C.-D.,	Chen,	C.-C.,	Shen,	C.-C.,	Chin,	L.-T.,	Ma,	H.-I.,	Chuang,	H.-Y.,	
…	Chang,	C.	(2013).	Hyperglycemia	exacerbates	intracerebral	hemor-
rhage	via	the	downregulation	of	aquaporin-4:	Temporal	assessment	
with magnetic resonance imaging. Stroke,	44(6),	1682–1689.	https	://
doi.org/10.1161/STROK	EAHA.113.675983

Feigin,	V.	L.,	Forouzanfar,	M.	H.,	Krishnamurthi,	R.,	Mensah,	G.	A.,	Connor,	
M.,	Bennett,	D.	A.,	…	Murray,	C.	(2014).	Global	and	regional	burden	
of	 stroke	 during	 1990–2010:	 Findings	 from	 the	 Global	 Burden	 of	
Disease	Study	2010.	Lancet,	383(9913),	245–255.

Ferrete-Araujo,	A.	M.,	 Egea-Guerrero,	 J.	 J.,	Vilches-Arenas,	A.,	Godoy,	
D.	A.,	&	Murillo-Cabezas,	F.	(2015).	Predictors	of	mortality	and	poor	
functional outcome in severe spontaneous intracerebral hemor-
rhage:	A	prospective	observational	study.	Medicina Intensiva,	39(7),	
422–432.

Fonville,	 S.,	 Zandbergen,	 A.	 A.,	 Koudstaal,	 P.	 J.,	 &	 den	 Hertog,	 H.	M.	
(2014). Prediabetes in patients with stroke or transient ischemic 
attack:	 Prevalence,	 risk	 and	 clinical	 management.	 Cerebrovascular 
Disease,	37(6),	393–400.	https	://doi.org/10.1159/00036	0810

Hagura,	R.	 (2005).	Oral	glucose	tolerance	test	 (OGTT)	 for	diagnosis	of	
diabetes mellitus. Nihon Rinsho,	63(Suppl	2),	372–375.

Hankey,	G.	J.,	Anderson,	N.	E.,	Ting,	R.-D.,	Veillard,	A.-S.,	Romo,	M.,	Wosik,	
M.,	…	Keech,	A.	C.	(2013).	Rates	and	predictors	of	risk	of	stroke	and	
its	subtypes	in	diabetes:	A	prospective	observational	study.	Journal 
of Neurology, Neurosurgery and Psychiatry,	84(3),	281–287.	https	://doi.
org/10.1136/jnnp-2012-303365

Kojic,	 B.,	 Burina,	A.,	Hodzic,	 R.,	 Pasic,	 Z.,	&	 Sinanovic,	O.	 (2009).	 Risk	
factors	 impact	on	 the	 long-term	survival	after	hemorrhagic	stroke.	
Medicinski Arhiv,	63(4),	203–206.

Liu,	H.,	Meng,	X.,	Liu,	C.-F.,	Wang,	D.,	Zheng,	H.,	Li,	H.,	…	Pan,	Y.	(2019).	
Higher	hemoglobin	A1c	level	is	associated	with	poor	outcome	of	in-
tracerebral hemorrhage. Front Frontiers in Neurology,	10,	1073.	https	
://doi.org/10.3389/fneur.2019.01073 

Mayer,	S.	A.,	Brun,	N.	C.,	Broderick,	J.,	Davis,	S.,	Diringer,	M.	N.,	Skolnick,	
B.	E.,	&	Steiner,	T.	(2005).	Safety	and	feasibility	of	recombinant	factor	

https://orcid.org/0000-0002-5493-4357
https://orcid.org/0000-0002-5493-4357
https://doi.org/10.1161/STROKEAHA.110.608166
https://doi.org/10.1161/STROKEAHA.110.608166
https://doi.org/10.1161/STROKEAHA.111.632950
https://doi.org/10.1161/STROKEAHA.111.632950
https://doi.org/10.1212/WNL.0000000000003031
https://doi.org/10.1212/WNL.0000000000003031
https://doi.org/10.1001/jamaneurol.2016.2619
https://doi.org/10.1001/jamaneurol.2016.2619
https://doi.org/10.1007/s00221-015-4269-x
https://doi.org/10.1007/s00221-015-4269-x
https://doi.org/10.1161/JAHA.116.003477
https://doi.org/10.1161/STROKEAHA.113.675983
https://doi.org/10.1161/STROKEAHA.113.675983
https://doi.org/10.1159/000360810
https://doi.org/10.1136/jnnp-2012-303365
https://doi.org/10.1136/jnnp-2012-303365
https://doi.org/10.3389/fneur.2019.01073
https://doi.org/10.3389/fneur.2019.01073


8 of 8  |     WANG et Al.

VIIa	for	acute	intracerebral	hemorrhage.	Stroke,	36(1),	74–79.	https	://
doi.org/10.1161/01.STR.00001	49628.80251.b8

Mechanick,	J.	I.	(2006).	Metabolic	mechanisms	of	stress	hyperglycemia.	
JPEN. Journal of Parenteral and Enteral Nutrition,	30(2),	157–163.	https	
://doi.org/10.1177/01486 07106 03000 2157

Mijajlovic,	M.	D.,	Aleksic,	V.	M.,	Sternic,	N.	M.,	Mirkovic,	M.	M.,	&	Bornstein,	
N.	M.	(2017).	Role	of	prediabetes	in	stroke.	Neuropsychiatric Disease 
and Treatment,	13,	259–267.

Narayan,	S.	K.,	 Sivaprasad,	P.,	 Sushma,	S.,	 Sahoo,	R.	K.,	&	Dutta,	T.	K.	
(2012). Etiology and outcome determinants of intracerebral hem-
orrhage	 in	 a	 south	 Indian	 population,	 A	 hospital-based	 study.	
Annals of Indian Academy of Neurology,	15(4),	 263–266.	 https	://doi.
org/10.4103/0972-2327.104333

Osei,	E.,	Fonville,	S.,	Zandbergen,	A.	A.,	Koudstaal,	P.	J.,	Dippel,	D.	W.,	&	
den	Hertog,	H.	M.	(2017).	Glucose	in	prediabetic	and	diabetic	range	
and outcome after stroke. Acta Neurologica Scandinavica,	 135(2),	
170–175.	https	://doi.org/10.1111/ane.12577	

Parry-Jones,	A.	R.,	Wang,	X.,	Sato,	S.,	Mould,	W.	A.,	Vail,	A.,	Anderson,	
C.	 S.,	 &	Hanley,	D.	 F.	 (2015).	 Edema	 extension	 distance:	Outcome	
measure	 for	phase	 II	clinical	 trials	 targeting	edema	after	 intracere-
bral hemorrhage. Stroke,	46(6),	e137–e140.	https	://doi.org/10.1161/
STROK	EAHA.115.008818

Passero,	 S.,	 Ciacci,	G.,	&	Ulivelli,	M.	 (2003).	 The	 influence	 of	 diabetes	
and hyperglycemia on clinical course after intracerebral hemor-
rhage. Neurology,	 61(10),	 1351–1356.	 https	://doi.org/10.1212/01.
WNL.00000	94326.30791.2D

Saliba,	 W.,	 Barnett-Griness,	 O.,	 Gronich,	 N.,	 Molad,	 J.,	 Naftali,	 J.,	
Rennert,	G.,	&	Auriel,	E.	(2019).	Association	of	diabetes	and	glycated	
hemoglobin	with	the	risk	of	intracerebral	hemorrhage:	A	Population-
Based	 Cohort	 Study.	 Diabetes Care,	 42(4),	 682–688.	 https	://doi.
org/10.2337/dc18-2472

Song,	 E.-C.,	 Chu,	 K.,	 Jeong,	 S.-W.,	 Jung,	 K.-H.,	 Kim,	 S.-H.,	 Kim,	 M.,	
&	 Yoon,	 B.-W.	 (2003).	 Hyperglycemia	 exacerbates	 brain	 edema	
and perihematomal cell death after intracerebral hemorrhage. 
Stroke,	 34(9),	 2215–2220.	 https	://doi.org/10.1161/01.STR.00000	
88060.83709.2C

Stead,	 L.	 G.,	 Jain,	 A.,	 Bellolio,	 M.	 F.,	 Odufuye,	 A.,	 Gilmore,	 R.	 M.,	
Rabinstein,	A.,	…	Decker,	W.	W.	(2010).	Emergency	department	hy-
perglycemia as a predictor of early mortality and worse functional 
outcome after intracerebral hemorrhage. Neurocritical Care,	 13(1),	
67–74.	https	://doi.org/10.1007/s12028-010-9355-0

Sun,	S.,	Pan,	Y.,	Zhao,	X.,	Liu,	L.,	 Li,	H.,	He,	Y.,	…	Wang,	Y.	 (2016).	The	
association between impaired glucose regulation and prognosis of 
chinese patients with intracerebral hemorrhage. Scientific Reports,	6,	
36220. https ://doi.org/10.1038/srep3 6220

Tabak,	A.	G.,	Herder,	C.,	 Rathmann,	W.,	Brunner,	 E.	 J.,	&	Kivimaki,	M.	
(2012).	 Prediabetes:	 A	 high-risk	 state	 for	 diabetes	 development.	
Lancet,	379(9833),	2279–2290.

Tapia-Perez,	 J.	H.,	Gehring,	 S.,	 Zilke,	 R.,	 &	 Schneider,	 T.	 (2014).	 Effect	
of	 increased	 glucose	 levels	 on	 short-term	 outcome	 in	 hyperten-
sive spontaneous intracerebral hemorrhage. Clinical Neurology 
and Neurosurgery,	 118,	 37–43.	 https	://doi.org/10.1016/j.cline	
uro.2013.12.018

Tetri,	 S.,	 Juvela,	 S.,	 Saloheimo,	 P.,	 Pyhtinen,	 J.,	 &	 Hillbom,	M.	 (2009).	
Hypertension and diabetes as predictors of early death after 

spontaneous intracerebral hemorrhage. Journal of Neurosurgery,	
110(3),	411–417.	https	://doi.org/10.3171/2008.8.JNS08445

Tsai,	C.	F.,	Jeng,	J.	S.,	Anderson,	N.,	&	Sudlow,	C.	L.	M.	(2017).	Comparisons	
of risk factors for intracerebral hemorrhage versus ischemic stroke 
in Chinese patients. Neuroepidemiology,	48(1–2),	72–78.	https	://doi.
org/10.1159/00047 5667

Vijayakumar,	G.,	Manghat,	 S.,	Vijayakumar,	R.,	 Simon,	 L.,	 Scaria,	 L.	M.,	
Vijayakumar,	A.,	…	Jaleel,	A.	(2019).	Incidence	of	type	2	diabetes	mel-
litus	and	prediabetes	in	Kerala,	India:	Results	from	a	10-year	prospec-
tive cohort. BMC Public Health,	19(1),	140.	https	://doi.org/10.1186/
s12889-019-6445-6

Wang,	 Q.,	Wang,	 D.,	 Liu,	M.,	 Fang,	 Y.,	 You,	 C.,	 Dong,	W.,	 …	 Chen,	 Y.	
(2015).	 Is	 diabetes	 a	 predictor	 of	worse	 outcome	 for	 spontaneous	
intracerebral hemorrhage? Clinical Neurology and Neurosurgery,	134,	
67–71.	https	://doi.org/10.1016/j.cline	uro.2015.01.020

Wang,	W.,	 Jiang,	 B.,	 Sun,	H.,	 Ru,	 X.,	 Sun,	D.,	Wang,	 L.,	…	 Feigin,	 V.	 L.	
(2017).	 Prevalence,	 incidence,	 and	mortality	 of	 stroke	 in	China	 re-
sults	from	a	nationwide	population-based	survey	of	480	687	adults.	
Circulation,	 135(8),	 759–771.	 https	://doi.org/10.1161/CIRCU	LATIO	
NAHA.116.025250

Wang,	Y.,	Wang,	T.,	Zhang,	J.	H.,	&	Qin,	X.	(2011).	Effects	of	early	serum	
glucose levels on prognosis of patients with acute intracerebral hem-
orrhage. Acta Neurochirurgica. Supplementum,	111,	393–397.

Wolfe,	 C.	 D.	 A.,	 Crichton,	 S.	 L.,	 Heuschmann,	 P.	 U.,	 McKevitt,	 C.	 J.,	
Toschke,	A.	M.,	Grieve,	A.	P.,	&	Rudd,	A.	G.	(2011).	Estimates	of	out-
comes	up	 to	 ten	years	 after	 stroke:	Analysis	 from	 the	prospective	
South	London	Stroke	Register.	PLoS Medicine,	8(5),	e1001033.	https	
://doi.org/10.1371/journ al.pmed.1001033

Yan,	J.,	Zhao,	K.,	Sun,	J.,	Yang,	W.,	Qiu,	Y.,	Kleinig,	T.	…	Chen,	S.	(2013).	
Comparison	between	the	 formula	1/2ABC	and	2/3Sh	 in	 intracere-
bral parenchyma hemorrhage. Neurological Research,	35(4),	382–388.

Zhang,	G.,	Wu,	F.,	Xu,	Y.,	Feng,	J.,	Cai,	Z.,	Xu,	B.,	…	He,	M.	(2015).	Prestroke	
glycemic status is associated with the functional outcome in sponta-
neous intracerebral hemorrhage. Neurol Sci,	36(6),	927–934.	https	://
doi.org/10.1007/s10072-014-2057-1

Zhang,	X.,	Jing,	J.,	Zheng,	H.,	Jia,	Q.,	Zhao,	X.,	Liu,	L.,	…	Wang,	Y.	(2018).	
Prognosis of intracerebral hemorrhage with newly diagnosed diabe-
tes	mellitus	according	 to	hemoglobin	A1c	criteria.	Journal of Stroke 
and Cerebrovascular Diseases: the Official Journal of National Stroke 
Association,	 27(5),	 1127–1133.	 https	://doi.org/10.1016/j.jstro	kecer	
ebrov asdis.2017.11.019

Zhao,	K.	 J.,	 Zhang,	 R.	 Y.,	 Sun,	Q.	 F.,	Wang,	 X.	Q.,	Gu,	 X.	 Y.,	Qiang,	Q.	
…	Shen,	J.	K.	(2010).	Comparisons	of	2/3Sh	estimation	technique	to	
computer-assisted	planimetric	analysis	 in	epidural,	subdural	and	in-
tracerebral hematomas. Neurological Research,	32(9),	910–917.

How to cite this article:	Wang	Q,	Huang	G,	Chen	F,	et	al.	
Prediabetes is associated with poor functional outcome in 
patients with intracerebral hemorrhage. Brain Behav. 
2020;10:e01530. https ://doi.org/10.1002/brb3.1530

https://doi.org/10.1161/01.STR.0000149628.80251.b8
https://doi.org/10.1161/01.STR.0000149628.80251.b8
https://doi.org/10.1177/0148607106030002157
https://doi.org/10.1177/0148607106030002157
https://doi.org/10.4103/0972-2327.104333
https://doi.org/10.4103/0972-2327.104333
https://doi.org/10.1111/ane.12577
https://doi.org/10.1161/STROKEAHA.115.008818
https://doi.org/10.1161/STROKEAHA.115.008818
https://doi.org/10.1212/01.WNL.0000094326.30791.2D
https://doi.org/10.1212/01.WNL.0000094326.30791.2D
https://doi.org/10.2337/dc18-2472
https://doi.org/10.2337/dc18-2472
https://doi.org/10.1161/01.STR.0000088060.83709.2C
https://doi.org/10.1161/01.STR.0000088060.83709.2C
https://doi.org/10.1007/s12028-010-9355-0
https://doi.org/10.1038/srep36220
https://doi.org/10.1016/j.clineuro.2013.12.018
https://doi.org/10.1016/j.clineuro.2013.12.018
https://doi.org/10.3171/2008.8.JNS08445
https://doi.org/10.1159/000475667
https://doi.org/10.1159/000475667
https://doi.org/10.1186/s12889-019-6445-6
https://doi.org/10.1186/s12889-019-6445-6
https://doi.org/10.1016/j.clineuro.2015.01.020
https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1371/journal.pmed.1001033
https://doi.org/10.1371/journal.pmed.1001033
https://doi.org/10.1007/s10072-014-2057-1
https://doi.org/10.1007/s10072-014-2057-1
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.11.019
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.11.019
https://doi.org/10.1002/brb3.1530

