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risk factors for ICH, especially modifi able factors, is the fi rst 
step in prevention. Several modifi able risk factors, such as 
hypertension and excessive alcohol consumption, have 
been demonstrated to increase the risk of ICH ( 6 ), but not 
all patients with ICH have these identifi able risk factors. 

 Abnormal lipid levels are among the list of candidate 
risk factors for stroke ( 7 ), but their contribution to ICH 
remains inconclusive. This is especially true for plasma 
high-density lipoprotein cholesterol (HDL-C), which, 
along with low-density lipoprotein cholesterol (LDL-C), is 
a primary component of plasma total cholesterol (TC). A 
low level of TC has emerged as a risk factor for ICH in 
several prospective studies ( 8–10 ), and an association be-
tween LDL-C and ICH has also been reported ( 11–13 ). 
Moreover, HDL-C improves endothelial function ( 14 ) and 
repairs vessel walls ( 15, 16 ), suggesting that high levels of 
HDL-C may be protective against ICH. To date, however, 
few clinical studies have explored a connection between 
low HDL-C levels and the risk of ICH ( 17 ). 

 This cross-sectional study investigated whether low 
HDL-C might contribute to the risk of ICH. An association 
between plasma HDL-C and ICH would provide a new 
potential target for the prevention of ICH. 

 METHODS 

 Participants 
 A community-based cross-sectional study was conducted in 

seven local communities of Xinyang County, Henan Province, 
China, from March to August 2005. The study protocol was 
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  Intracerebral hemorrhage (ICH) is a serious cerebrovas-
cular disease worldwide ( 1 ) and has a fatality rate of ap-
proximately 35-52% at 30 days. Fully half of these fatalities 
occur within the fi rst two days ( 2 ). The proportion of this 
subtype of stroke is high in China, accounting for approxi-
mately 38-55% of total strokes ( 3, 4 ). Given the high mortal-
ity rate and the paucity of effective treatments, prevention 
of ICH is of paramount importance ( 5 ). Identifi cation of 
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degree relatives (father, mother, or brother/sister) having suf-
fered a stroke (fatal or nonfatal strokes). 

 Statistical analyses 
 Statistical analyses were based on individuals with ICH divided 

according to the tertile category of HDL-C levels and other lipid 
profi les: TC, LDL-C, and triglycerides. The participants were cat-
egorized into three groups of approximately equal number based 
on the distribution of TC, LDL-C, and HDL-C levels. The distri-
bution of triglyceride levels was skewed, and log transformation 
was used. Continuous variables were compared using the ANOVA 
(ANOVA) test and category characteristics by the chi-square/
Mantel-Haenszel analysis. The Dunnett posthoc test was per-
formed among multiple comparisons after the ANOVA analysis 
showed signifi cance. Variables with a univariate association with 
ICH were entered stepwise into a logistic model if their contribu-
tion to the model was signifi cant at the  �  = 0.05 level after mutual 
adjustment. The binary logistic regression model was applied to 
adjust for conventional risk factors for ICH and to calculate the 
odds ratios (OR). 

 Two logistic models were used to calculate the OR of ICH in 
the subgroups divided according to plasma lipid profi les. First, 
age and gender were used as covariate factors for the plasma lipid 
group for calculation of the adjusted OR. Second, age, gender, 
and other confounding vascular risk factors, including SBP, BMI, 
hypercholesterolemia, current smoking, current drinking, and 
family history of stroke, were adjusted in the logistic regression 
model. In subgroup analysis stratifi ed by gender, hypertensive 
status, and BMI, the linear trend across HDL-C tertiles was tested 
by introducing the median plasma HDL-C concentration of each 
category as continuous variables within the multivariable models 
( 21 ). The departure from the linear trend was also evaluated. A 
two-tailed  P  value of 0.05 or less was considered signifi cant. Statis-
tical analyses were carried out using SPSS version 13.0 (SPSS Inc., 
Chicago, IL). 

 RESULTS 

 At the beginning of the study, 7,177 participants were 
enrolled. Of these, 3 participants with subarachnoid hem-
orrhage and 210 participants without plasma lipid analyses 
were excluded. After further excluding 528 participants 
with CHD, 331 with ischemic stroke, and 59 with unclassi-
fi ed stroke, 6,046 participants were available for the study 
(  Fig. 1  ). Of these, 170 participants were identifi ed as hav-
ing ICH. 

 Baseline characteristics 
 To determine the relationship between plasma HDL-C 

levels and ICH, participants were categorized into tertile 
groups based on the distribution of HDL-C levels as fol-
lows: Tertile-1 group, <1.38 mmol/l; Tertile-2 group, 1.38-
1.64 mmol/l; and Tertile-3 group,  � 1.65 mmol/l ( Table 1 ). 
Only 8.6% (519/6046) of all participants received lipid-
lowering medications; however, 17.1% (29/170) of the 
ICH patients were on lipid-lowering medications. 

 The Tertile-3 group had much fewer men than the Ter-
tile-1 group (32.9% versus 40.3%,  P  < 0.01). Mean SBP was 
higher in the Tertile-3 group than in the Tertile-1 group 
(157.4 versus 153.6 mm Hg,  P  < 0.01). Frequency of anti-
hypertensive treatment was lower in the Tertile-3 group 

reviewed and approved by the ethics committees of FuWai Hospital 
and local collaborative hospitals and conducted according to the 
Declaration of Helsinki. Informed consent was obtained from 
each participant before enrollment into the study. 

 Inclusion criteria were as follows:  1 ) participants resided in a 
household in one of these seven communities for at least 3 
months;  2 ) participants were ages 40 to 75 years; and  3 ) partici-
pants were free of clinical ischemic stroke as well as coronary 
heart disease (CHD). 

 Participants were excluded if they had ischemic stroke, suba-
rachnoid hemorrhage, or CHD. CHD was defi ned as the ninth 
International Classifi cation of Disease (ICD-9, 1997), code 410-
414; ICH, as ICD-9, code 431; ischemic stroke, as ICD-9, codes 
433.0 to 434.9; subarachnoid hemorrhage, as code 430; and un-
classifi ed stroke, as code 436. All medical records and neuroim-
aging data (computed tomography and magnetic resonance 
imaging) in subjects with a reported history of ischemic stroke, 
subarachnoid hemorrhage, or ICH were examined by an event 
committee. Participants with systemic diseases, which were ascer-
tained clinically and recorded in the medical history, were ex-
cluded as well. The systemic diseases were defi ned as severe 
infl ammation (ICD-9, code 995.9); collagen disease (code 710); 
hepatic cirrhosis (code 571.2, 5, 6); end-stage renal disease (code 
585); neoplasm disease in brain (code 191), lung (code 162), 
liver, colon, and rectum (code 153-5), pancreas (code 157), 
breast (code 174), bladder and kidney (code 188-9), and blood 
system (code 200-8); endocrine disease (code 253, 255); meta-
bolic disease (code 272); and hemorrhagic disease (code 286-7). 

 Two physicians on the committee independently reviewed the 
data and decided whether the participants met all the inclusion 
criteria. In cases of disagreement, a third physician was asked to 
resolve the dispute. Of 170 patients with ICH, 7 patients required 
arbitration; the data of these 7 patients were included in the anal-
ysis because no signifi cant differences were found whether or not 
their data were included. 

 Biochemical variable determination 
 Blood samples were collected after a 12 h overnight fast of all 

participants, including ICH patients who had a prior history of 
ICH for a median period of 2 years (range, 1-5 years). All samples 
were analyzed for plasma TC, HDL-C, LDL -C, triglycerides, and 
plasma glucose levels by enzymatic methods with an automatic 
analyzer (Hitachi 7060, Hitachi, Japan). All lipid levels were de-
termined in a Centers for Disease Control and Prevention (CDC)-
qualifi ed laboratory in FuWai Hospital. 

 Clinical data collection 
 Demographic data and vascular risk factors, including age, 

gender, weight, height, body mass index (BMI), systolic blood 
pressure (SBP), and diastolic blood pressure (DBP) were re-
corded. Blood pressure (BP) data analyzed in this study were ob-
tained from all participants, including ICH patients who had a 
prior history of ICH for a median period of 2 years. 

 BP was measured three times in seated patients after a rest 
period of 5 min using a mercury column sphygmomanometer 
( 18 ); an average of the last two readings was taken as the analyzed 
BP level. Medical history, alcohol use, and cigarette use were ob-
tained from all participants using a standardized questionnaire. 

 Hypertension was defi ned as SBP  � 140 mm Hg and/or DBP 
 � 90 mm Hg on two visits, with the interval between the two visits 
of more than 2 weeks ( 19 ). Alternatively, hypertension was de-
fi ned as a history of hypertension with or without antihyperten-
sive treatment ( 18 ). Hypercholesterolemia was defi ned according 
to the Adult Treatment Panel III guidelines ( 20 ). Family history 
of stroke was defi ned as a history of any of the patient’s fi rst-
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  Fig.   1.  Flowchart of subject enrollment and exclusion.   

 TABLE 1. Baseline characteristics according to HDL-C tertiles 

Variables

HDL-C

Tertile-3 Tertile-2 Tertile-1  P a   P b  

Number of subjects 2008 1996 2042 – –
Men, % (n) 32.9 (660) 34.9 (696) 40.3 (823)  d  0.18 <0.01
Mean (SD) – – – – –
Age, years 58.0 (9.1) 56.9 (9.8) 56.2 (10.0) <0.01 <0.01
BMI, kg/m 2 24.8 (3.6) 25.9 (3.6) 26.7 (3.5)  d  <0.01 <0.01
SBP, mm Hg 157.4 (28.1) 154.6 (28.6) 153.6 (29.5) <0.01 <0.01
DBP, mm Hg 94.5 (13.8) 93.9 (14.2) 93.5 (14.4) 0.51 0.06
TC, mmol/l 5.82 (1.11) 5.42 (1.04) 4.98 (1.06)  d  <0.01 <0.01
LDL-C, mmol/l 3.11 (0.94) 3.11 (0.85) 2.85 (0.82)  d  1.00 <0.01
HDL-C, mmol/l 1.93 (0.25) 1.52 (0.08) 1.21 (0.13)  d  <0.01 <0.01
TG, mmol/l 1.63 (1.33) 1.52 (0.92) 2.10 (1.90)  d  <0.01 <0.01
FBG, mmol/l 5.39 (1.71) 5.39 (1.73) 5.46 (1.82) 0.06 0.06
% (n) – – – – –
Hypertension 59.3(1191) 59.2 (1181) 58.5 (1194) 0.92 0.59
Antihypertensive treatment 30.3 (608) 33.1 (660) 33.7 (688) 0.06 0.02
Diabetes 2.0 (20) 3.4 (68) 4.7 (96)  c  <0.01 <0.01
Hypercholesterolemia 9.5 (191) 12.6 (252) 16.4 (334)  d  <0.01 <0.01
Lipid-lowering drugs 7.1 (143) 8.0 (160) 10.6 (216)  d  <0.01 <0.01
Family history of stroke 15.2 (305) 14.6 (292) 15.8 (322) 0.62 0.63
Current smoker 10.2 (204) 10.2 (203) 14.7 (300)  d  0.69 <0.01
Current drinker 14.9 (300) 13.8 (276) 15.7 (321)  d  0.38 0.02

Comparisons were performed between different groups of continuous variables using AVONA; category characteristics 
were compared using the Mantel-Haenszel chi-square test. TG levels were determined using the log-transformed value. 
To convert TG millimoles per liter to milligrams per deciliter, values were multiplied by 88.54. To convert cholesterol 
millimoles per liter to milligrams per deciliter, values were multiplied by 38.67.

  a  Tertile-2 compared with Tertile-3.
  b  Tertile-1 compared with Tertile-3.
  c  Indicates  P  < 0.05 for Tertile-1 compared with Tertile-2.
  d  Indicates  P  < 0.01 for Tertile-1 compared with Tertile-2.

than in the Tertile-1 group (30.3% versus 33.7%,  P  = 0.02). 
Use of lipid-lowering medications was lower in the Ter-
tile-3 group than in the Tertile-1 group (7.1% versus 
10.6%,  P  < 0.01). Current cigarette smoking was lower in 

the Tertile-3 group than in the Tertile-1 group (10.2% ver-
sus 14.7%,  P  < 0.01). Signifi cantly fewer participants in the 
Tertile-2 group received lipid-lowering medications than 
did participants in the Tertile-3 group (8.0% versus 10.6%,  
 P  < 0.01). No signifi cant differences were found in family 
history of stroke or hypertension among the HDL-C 
tertiles. 

 Inverse association of HDL-C with ICH 
 The odds of a prior history of ICH decreased with in-

creasing plasma HDL-C levels. ICH was more prevalent in 
the Tertile-1 group than in the Tertile-2 (3.97% versus 
2.45%;  P  < 0.01) and Tertile-3 groups (3.97% versus 1.99%; 
 P  < 0.01). The unadjusted OR of ICH was 1.24 (95% CI, 
0.81-1.89;  P  = 0.32) in the Tertile-2 group and 2.03 (95% 
CI, 1.38-2.98;  P  < 0.01) in the Tertile-1 group, compared 
with the Tertile-3 group. 

 Linear regression analysis performed before multivari-
able logistic regression analysis revealed no signifi cant co-
linearity between the continuous variables (age, SBP, and 
BMI) and HDL-C (data not shown). The OR of ICH in the 
Tertile-1 group was signifi cantly higher than in the Ter-
tile-3 group (OR 1.88; 95% CI, 1.27-2.78;  P  < 0.01) after 
adjustment for age and gender. After further adjustment 
for SBP, BMI, hypercholesterolemia, current smoking, 
current drinking, and family history of stroke, the OR of 
ICH in Tertile-1 remained signifi cantly higher than in 
the Tertile-3 group (OR 2.06; 95% CI, 1.35-3.12;  P  < 
0.01). The multivariable-adjusted OR of ICH was 1.13 
(95% CI, 0.72-1.78;  P  = 0.59) in Tertile-2 compared with 
Tertile-3 (  Table 2  ). To exclude the effect of lipid-lowering 
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association of HDL-C with ICH was found only in men (n = 
2179;  P  < 0.01 for trend), and HDL-C levels conformed to 
an increasing dose-dependent relationship across the 
three tertile groups. The inverse association between 
HDL-C and ICH was also signifi cant in subjects with low 
BMI (<25 kg/m 2 ;  P  = 0.01 for trend), but no linear trend 
was documented in participants with high BMI ( P  = 0.04 
for departure). The inverse association of HDL-C with 
ICH was demonstrated in both hypertensive and nonhyper-
tensive participants ( P  < 0.01 and  P  = 0.02, respectively). 

 DISCUSSION 

 The major fi nding of the present study is that plasma 
HDL-C levels were inversely associated with a history of 
ICH within the prior 1-5 years, indicating a potential risk 
factor of low plasma HDL-C on the development of ICH. 
Further subgroup analysis showed that the effect was pri-
marily evident in men and in participants with low BMI. 
Furthermore, only 8.6% of the participants (519/6046) 
received lipid-lowering medications, suggesting that the 
plasma HDL-C levels were not infl uenced by lipid-lowering 
medications in the present study. The potential detrimen-
tal effects of low plasma HDL-C on ICH suggest that rais-
ing HDL-C levels would provide a new prevention 
treatment for ICH, although more prospective studies 
would be required to confi rm this. 

 Previously, low HDL-C concentrations were found 
to be associated with the risk of ischemic stroke in a 
Japanese population ( 22 ) as well as in elderly patients 
with diabetes ( 23 ). The results from a study that em-
ployed English males as participants support the above 
conclusion, in which subjects with high levels of HDL-C 

medications on levels of plasma lipids, a multivariable lo-
gistic regression analysis was performed after excluding of 
519 participants (including 29 with ICH) who received lipid-
lowering medications. The results demonstrated that the as-
sociation between plasma lipids and ICH was not altered by 
the lipid-lowering medications (supplementary Table I). 

 In the fi nal multivariable-adjusted model, SBP was found 
to have the most signifi cant association with ICH (incre-
ment per 10 mm Hg: OR 1.21; 95% CI, 1.15-1.29;  P  < 0.01) 
(  Table 3  ); female gender and high BMI were identifi ed as 
protective factors for ICH (women: OR 0.50; 95% CI, 0.33-
0.77;  P  < 0.01; high BMI: OR 0.93; 95% CI, 0.88-0.97;  P  < 
0.01). 

 Subgroup analysis by gender, hypertension, and BMI 
 The risk factors for ICH, including male gender, hyper-

tension, and BMI, were not distributed normally across 
the three HDL-C groups. Therefore, a stratifi cation test 
taking these three factors into account was performed 
(  Fig. 2  ). In the stratifi cation test, the signifi cant inverse 

 TABLE 2. OR (95% CI) of ICH according to plasma lipid tertiles 

Variables

Tertiles of Plasma Lipid

Tertile-3 Tertile-2 Tertile-1  P a   P b  

LDL-C (mmol/l)  � 3.20 2.61–3.19 <2.61 – –
 ICH (n) 69 54 47 – –
 Unadjusted 1.0 0.78 (0.5–1.11) 0.66 (0.45–0.96) 0.17 0.03
 Model 1 1.0 0.77 (0.53–1.11) 0.62 (0.42–0.92) 0.15 0.02
 Model 2 1.0 0.83 (0.57–1.22) 0.72 (0.48–1.10) 0.34 0.13
HDL-C (mmol/l)  � 1.65 1.38–1.64 <1.38 – –
 ICH (n) 40 49 81 – –
 Unadjusted 1.0 1.24 (0.81–1.89) 2.03 (1.38–2.98) 0.32 <0.01
 Model 1 1.0 1.21 (0.79–1.85) 1.88 (1.27–2.78) 0.39 <0.01
 Model 2 1.0 1.13 (0.72–1.78) 2.06 (1.35–3.12) 0.59 <0.01
TC (mmol/l)  � 5.77 4.87–5.76 <4.87 – –
 ICH (n) 57 59 54 – –
 Unadjusted 1.0 1.06 (0.73–1.53) 0.95 (0.65–1.38) 0.76 0.77
 Model 1 1.0 1.07 (0.73–1.55) 0.88 (0.60–1.31) 0.74 0.54
 Model 2 1.0 1.14 (0.77–1.70) 1.11 (0.73–1.67) 0.51 0.63
TG (mmol/l)  � 1.24 1.03–1.23 <1.03 – –
 ICH (n) 63 57 50 – –
 Unadjusted 1.0 0.92 (0.64–1.33) 0.79 (0.54–1.16) 0.66 0.23
 Model 1 1.0 0.85 (0.58–1.23) 0.75 (0.51–1.10) 0.39 0.14
 Model 2 1.0 0.87 (0.58–1.30) 0.86 (0.55–1.33) 0.49 0.49

Model 1 was used to adjust for age and gender. Model 2 was used to adjust for age, gender, and other vascular 
risk factors, including SBP, BMI, hypercholesterolemia, current smoking, current drinking, and family history of 
stroke.

  a  Values were calculated using the multivariable logistic regression model and compared Tertile-2 with Tertile-3, 
the reference group.

  b  Tertile-1 compared with Tertile-3, the reference group.

 TABLE 3. Contribution of confounding variables to ICH in the fi nal 
multivariable logistic regression model 

Variables OR 95% CI  P 

Age (increment per year) 1.00 0.99–1.02 0.66
Female (0, 1) 0.50 0.33–0.77 <0.01
BMI (kg/m 2 ) 0.93 0.88–0.97 <0.01
SBP (increment per 10 mm Hg) 1.21 1.15–1.29 <0.01
HDL-C (increment per 1 mmol/l) 0.47 0.28–0.78 <0.01
Hypercholesterolemia (0, 1) 1.85 1.24–2.76 <0.01
Current smoking, (0, 1) 1.02 0.63–1.64 0.95
Current drinking (0, 1) 1.29 0.81–2.04 0.28
Family history of stroke (0, 1) 1.06 0.69–1.61 0.80

0, no; 1, yes.
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  Fig.   2.  Multivariable-adjusted ORs of ICH with different HDL-C categories, stratifi ed by gender, hypertension status, and BMI. Solid-
square points indicate multivariable ORs of ICH in Tertile-2 and Tertile-3 compared with Tertile-1 (reference). Bars indicate 95% CI. Me-
dian HDL-C values of the different groups are indicated on the horizontal axis. A: The OR of ICH signifi cantly decreased as median plasma 
levels of HDL-C increased in men. B: The linear trend of association between HDL-C and ICH remained nonsignifi cant in women. C: The 
inverse trend of association between ICH and HDL-C in hypertensive participants was signifi cant. D: The inverse trend of association be-
tween ICH and HDL-C in nonhypertensive participants was also signifi cant. E: No linear association was found between ICH and HDL-C 
in participants with BMI  �  25 kg/m 2  ( P  = 0.04 for departure from linear trend). F: The inverse trend of association in participants with 
BMI < 25 kg/m 2  was signifi cant. Multivariable OR was adjusted by gender, age, SBP, BMI, hypercholesterolemia, current smoking, current 
drinking, and family history of stroke, excluding the stratifying factor.  P  < 0.05 for departure indicates nonlinearity across three groups. The 
departure from the linear trend was evaluated using  x  2  statistic, which was obtained by subtracting the trend chi-square from the overall 
chi-square with one (k-2) degree of freedom.   
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formation, monocyte adherence, and monocyte chemotac-
tic activity but also quenches the fl uorescent signal of oxi-
dized phospholipids in cell-based and cell-free studies ( 39 ). 

 In addition to hypertension, other major causes of ICH 
include anticoagulants, bleeding disorders, cerebral amy-
loid angiopathy (CAA), ruptured arterial aneurysms, arte-
riovenous malformations, and other vascular anomalies ( 40 ). 
Hypertensive degenerative changes in small cerebral arter-
ies coexist with CAA in patients with ICH ( 41 ). A sudden 
elevation of BP can result in ruptured microaneurysms in 
such patients, resulting in a greatly enhanced risk of ICH. 
High HDL-C levels might reduce the risk of ICH by de-
creasing CAA, given that 2-fold increases in plasma HDL-C 
levels attenuated CAA by approximately 50% in mice ( 42 ). 

 Strengths and limitations of the current study 
 The collection of BP and HDL-C data at a median time 

of 2 years after the onset of ICH can be considered a draw-
back of the present study. Because this is a cross-sectional 
study, the low levels of plasma HDL-C identifi ed in patients 
with ICH may have been either the cause or the result of 
ICH. The causal relationship between plasma HDL-C and 
ICH cannot be established in this kind of study design; it 
can only be drawn in prospective studies with large num-
ber of samples free of ICH at the baseline. 

 Second, survivor bias is a limitation of the present study, 
and the results must be interpreted with caution. The hypoth-
esis may be advanced that patients with ICH who survived to 
participate in the study had lower plasma HDL-C levels than 
did patients who were excluded from the study because they 
died from the disorder. However, the Stroke Prevention by 
Aggressive Reduction in Cholesterol Levels (SPARCL) study 
showed that low baseline HDL-C was the strongest predictor 
of recurrent stroke, including fatal stroke, in patients without 
a prior history of CHD disease ( 43 ), attenuating the hypoth-
esis. Survivor bias can be reduced through the use of time-
dependent covariate analyses in follow-up studies. 

 The strength of present study is that it was performed in 
a large community-based sample of participants who did not 
employ many interventions to alter lipids profi les or blood 
pressure. These interventions would likely have an impact 
on the relationship between HDL-C levels and ICH risk. 

 In conclusion, this study showed that HDL-C levels were 
inversely associated with a history of prior ICH. Hence, low 
plasma levels of HDL-C (<1.38 mmol/l) may be associated 
with the development of ICH, especially in men and lean 
participants.  

 The three anonymous reviewers are greatly appreciated for 
their constructive comments. All participants in this study are 
appreciated for their valuable contribution. 
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