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Abstract

Aims : Further studies about hypocholesterolemia are warranted. Some
studies revealed an association between hypocholesterolemia and
intracerebral hemorrhage (ICH). In the present study, we aimed to evaluate
the clinical characteristics of the subjects with very low serum low density
lipoprotein cholesterol (LDL—C) and compare the risk of ICH by statin use

or statin non—use group in the subjects.

Methods : From our hospital records, we evaluated the clinical
characteristics of subjects with LDL—C < 40 mg/dL. The exclusion criteria
were systemic infectious or inflammatory diseases, trauma, brain tumor,
type 1 diabetes, acute systemic illness, pregnancy, thrombolytic therapy in

the hospital when the lipid profiles were measured.

Results : Among a total of 34415 subjects who were presented to the
laboratory to measure serum LDL—-C, 250 subjects had serum LDL—-C 40
mg/dL or less that we defined as very low level. Nearly half of the subjects
had very low LDL—C level without history of statin use, usually due to
alcohol intake or various chronic illnesses including liver diseases, end
stage renal disease (ESRD). ICH occurred in 4 subjects with very low
LDL—-C, all of whom had no history of statin use. Among various clinical

factors, ESRD was related with ICH in subjects with very low LDL—C.
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Conclusions : We found about 1% of subjects whose LDL—-C was
measured in a hospital have LDL—C 40mg/dL or less. Among them, half of
the subjects had no history of hypolipidemic therapy. ICH incidence tended

to be higher in this spontaneous group than in statin users.

Key words: Hypocholesterolemia, LDL cholesterol, Statin, Intracerebral

hemorrhage
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Introduction

During the last generation, there have been remarkable progressions in
lipid—lowering therapy, especially with the development of potent statins.
Although intensive lipid—lowering therapy has contributed significantly in
the primary and secondary prevention of cardiovascular diseases (CVD),
the large residual risk of CVD is a major limitation V. To overcome this
problem, further studies about various combination regimens and new
therapeutic strategies are ongoing. The other issue is that the lower limit to
safe and effective cholesterol lowering has not been established. Some
experts suggested that a plasma level of 25 mg/dL LDL —cholesterol (LDL—
C) would be sufficient to supply peripheral cholesterol needs 2. Actually,
plasma LDL—C level in human newborns has been reported to be in the
range of 40—50 mg/dL ?. To determine the lowest LDL—C level that we
may reach therapeutically without any harm, further studies about the

clinical state of low serum LDL—C are warranted.

Low serum total cholesterol (TC) level as well as high TC level has been
reported to be associated with increased mortality, a U— or J—shaped
relationship **. Whereas the increased CVD is major cause of death at high
TC concentration, non—atherosclerotic causes, including cancer,
hemorrhagic stroke, and liver disease are related with the increased
mortality at low TC level *”. When deaths during the first several years of

follow—up were excluded, only the association between low TC and
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hemorrhagic stroke remained in a 23—year prospective cohort study .
High blood pressure (BP) and alcohol drinks among various clinical factors
increase the risk of hemorrhagic stroke in subjects with low TC *¥. Most of
guidelines for the treatment of hypercholesterolemia recommend LDL-C
level less than 70 mg/dL in patients with very high risk for CVD ??.
Sometimes intensive therapeutic strategy leads to a very low LDL—-C, 40
mg/dL or less, in statin—treated subjects. In many clinical trials of intensive
statin treatment, however, the increased incidence of intracerebral
hemorrhage (ICH) has not been confirmed "', The Stroke Prevention by
Aggressive Reduction in Cholesterol Levels (SPARCL) trial showed an
increase of ICH in subjects who treated with 80 mg atrovastatin after
recent (within 1 to 6 months) stroke or transient ischemic attack '°.

However, no relation was found between risk of ICH and baseline or recent

LDL—C level in the statin—treated patients .

Hypocholesterolemia may be defined as serum total cholesterol that is
lower than the 5th percentile for age and sex, or the cut—off value which
predicts the adverse prognosis by epidemiological study '”. The 5%
percentile of TC for male in USA is in the range of 131~154 mg/dL, while
the 5" percentile of LDL—C in western countries is about 90 mg/dL .
Although hypocholesterolemia is not uncommon, it is frequently overlooked.
Its prevalence varies according to populations and reaches 2—3% in general
population and 6.2% in hospitalized patients at the department of internal

1

medicine '?. And, data are lacking on the clinical meaning of the very low
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serum level of LDL—C. Further researches about very low LDL—C status of
primary and secondary origins may lead to an important clinical implication
in guiding hypolipidemic therapy. In the present study, we aimed to evaluate
the clinical characteristics of the subjects with a very low serum LDL—C via
a hospital—based retrospective database analysis and compare the risk of

ICH by statin use or statin non—use group.
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Materials and Methods

We searched electronic hospital records on subjects who visited during
the period from January, 2005 to March, 2011 Jeju National University
Hospital and were subjected to routine biochemical tests, lipid profiles
including LDL—C, body anthropometry, and vital sign assessments. We
selected primarily subjects whose LDL—-C 40 mg/dL or less. When we
compared the risk of ICH according to serum LDL—C level, we collected
limited clinical data from subjects with LDL—C between 41 and 70 mg/dL.
The exclusion criteria are as follows: patients with systemic infectious or
inflammatory diseases, trauma, primary or secondary brain tumor, type 1
diabetes, and acute systemic illness; pregnant subjects; patients who
received thrombolytic therapy during the hospitalization when the lipid
profiles were measured.

Hypertension was defined as anti—hypertensive drug use, systolic BP >
140 mmHg, or diastolic blood pressure > 90 mmHg. End stage renal disease
(ESRD) was defined as the use of renal replacement therapy with
Modification of Diet in Renal Disease—estimated glomerular filtration rate
(eGFR) < 30 mL/min/1.73 m®. Obesity was defined as body mass index > 30
kg/m*. Diabetes mellitus was defined as insulin or oral anti—diabetic agent
use, or diagnosed according to American diabetes association guideline.
Chronic liver disease was defined as chronic viral hepatitis or alcoholic liver

disease. We defined alcohol drink as two or more drinks in a week. Stroke

10
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was defined as a neurologic deficit lasting longer than 24 hours. Computed
tomographic or magnetic resonance imaging of the brain was reviewed in all
stroke cases. Lipids [total cholesterol (TC), triglycerides (TG), HDL
cholesterol (HDL—C), LDL—C)] were measured by direct methods on an
automated biochemical analyzer (TBA— 200FR NEO, Toshiba Medical
Systems; Tokyo, Japan) using Determiner—L TC-II, TG—II, HDL—-C and
LDL-C (Kyowa Medex Co.,LTD; Tokyo, Japan).

The study protocol was reviewed and approved by the institutional

review board (IRB No. #2011—46).

Statistical analysis

Statistical analyses were performed using SPSS version 18.0 for
Windows (SPSS, Inc., Chicago, IL, USA). Student ¢ tests with equal
variance were used to determine significant differences of the means of
normally distributed continuous variables (i.e., age) between groups. For
nonparametric data, the Mann—Whitney U tests were used. The Pearson
correlations between LDL—C and other variables were also calculated. A
comparison of the incidence of ICH between subgroups was performed
using a Fisher exact test. Stepwise regression test was also performed to
calculate the relationships between ICH and various risk factors. Statistical
significance was taken at an a level = 0.05 (P < 0.05) with associated

95% CI. Data are presented as mean £ SE.

11
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Results

The hospital records revealed that 34415 subjects were subjected to
measure LDL—C from January, 2005 to March, 2011. Serum LDL—-C level
was at a wide range between 2 and 692 mg/dL (Fig. 1). And, the median
(25th, 75th percentile) serum LDL—C concentration was 109 (85, 135).
Serum LDL—C was 70 mg/dL or less in 2579 subjects and 40 mg/dL or less
in 315 subjects. We excluded 1608 subjects according to the exclusion
criteria. Then, a total of 971 subjects were included in the present whose
serum LDL—C was 70 mg/dL or less. We divided them into two groups:
subjects with very low serum LDL—C (< 40 mg/dL, n = 250) and subjects
with low serum LDL—C (41-70 mg/dL, n = 721). We focused our analysis

on subjects with very low LDL—C.

13
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Figure 1. The distribution of LDL—C in the subjects 34415 subjects who
were subjected to measure LDL—C from January, 2005 to March, 2011.
Note that the LDL—C intervals of X—axis were set differently for less

frequent and extreme values
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The characteristics of the subjects with very low serum LDL—C

Table 1 shows the demographic and clinical characteristics of the subjects
with serum LDL—C 40 mg/dL or less. The mean age of the subjects was
61.5 years. About 70% of the subjects with very low serum LDL—-C were
male. More than half and 2/3 subjects had diabetes and hypertension,
respectively. These indicated that more patients with cardiometabolic
disease and/or CVD were subjected to serum LDL—C measurement in the
hospital. About half the subjects with very low LDL—C were current statin
users.

In addition, significant proportions of subjects have one of chronic
diseases: CKD in 66 subjects (26.4%), cerebral infarction in 39 subjects
(27.2%), liver diseases in 51 subjects (20.4%), malignancy in 36 subjects
(14.4%). With regard lipid profiles, despite of marked decrease in LDL—C,
mean serum TG was relatively high (224.3 + 20.4 mg/dL). Our result
indicated that in these old subjects who measured LDL—C in a university
hospital, nearly half of the subjects with very low LDL—C were statin users,

whereas more than half had other causes.

15
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Table 1. Demographic and clinical characteristic of the subjects with
LDL-C 40 mg/dL or less

Male sex, no. (%) 174 (69.6)
Age (years) 615 £ 1.0
Body mass index (Kg/m?) 228 = 0.4
Alcohol drink, no. (%) 39 (15.6)
Intracerebral hemorrhage, no. (%) 7 (2.8)
End—stage renal disease, no. (%) 66 (26.4)
Diabetes mellitus, no. (%) 131 (52.4)
Hypertension, no. (%) 171 (68.4)
Coronary artery disease, no. (%) 68 (28.8)
Cerebral infarction, no. (%) 39 (27.2)
Chronic liver disease, no. (%) 51 (20.4)
Any Cancer, no. (%) 36 (14.4)
Statin use, no. (%) 121 (48.4)
The use of antiplatelet agents, no. (%) 127 (50.8)
Total Cholesterol (mg/dL) 1109 £ 3.0
Triglyceride (mg/dL) 2243 = 204
HDL-C (mg/dL) 38.3 £ 1.1
LDL-C (mg/dL) 326 £ 05
Fasting plasma glucose (mg/dL) 1439 =+ 57
HbAlc (%) 7.4 £ 0.2
hsCRP (mg/L) 34 £ 14
Albumin (g/dL) 3.6 £ 0.1
Total Bilirubin (mg/dL) 0.8 = 0.1
Alkaline phosphatase (U/L) 253.6 = 12.2
Aspartate aminotransferase (IU/L) 57.0 £ 6.0
Alanine transaminase (IU/L) 41.3 £ 3.2
BUN (mg/L) 309 £ 1.9
Creatinine (mg/L) 2.8 £ 0.2
Erythrocyte sedimentation rate (mm/hr) 179 £ 5.7
White blood cell (x 10%/ul) 8.7 * 0.6
Hemoglobin (g/dL) 136 = 1.2
Platelet (x 10°/ul) 201.9 * 7.4
PT INR (INR) 1.2 £ 0.0
aPTT (sec) 33.8 £ 1.2

Data was expressed as mean £ SE. HDL-C, high—density lipoprotein—
cholesterol; LDL—C, low—density lipoprotein—cholesterol; hsCRP, high
sensitivity C—reactive protein; PT INR, prothrombin time international

normalized ratio ; aPTT, activated partial thromboplastin time

Collection @ jeju
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Comparisons of clinical characteristics between statin users and
subjects with spontaneous hypocholesterolemia

Subjects with very low LDL—C were divided into two subgroups according
to the use of cholesterol—lowering agents. Because all of drug—treated
subjects were on statin among various cholesterol—lowering agents, we
defined these two group as statin user group (n=129) and spontaneous
group (n=121) (Table 2). Compared with the statin users, the spontaneous
group had lower mean age, body mass index (BMI), and serum level of
HDL-C, LDL—C and albumin, and had higher serum TG level and longer
prothrombin time (PT). More subjects in the spontaneous group than in
statin user group have been drinking alcohol frequently (24.0 vs. 6.6%, p <
0.001) and had liver diseases (27.1 vs. 13.2%, p < 0.01). The stain user
group was more likely to have cardiometabolic diseases and/or
cardiovascular complications which might be an important reason to use

statin and anti—platelet agents.

17
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Table 2. Demographic and clinical characteristic of very low LDL—C (LDL-C
< 40 mg/dL) patients on statin therapy and patients not treated with any
cholesterol—lowering agent (spontaneous group).

St (no121) | SPOmEOS
Male sex, no. (%) 83 (68.6) 91 (70.5) 0.738
Age (years) 65.4 1.2 57.8+t1.4 0.000
Body mass index (kg/m2) 235105 22.1%+0.5 0.040
Alcohol drink, no. (%) 8 (6.6) 31 (24.0) 0.000
Intracerebral hemorrhage, no. (%) 1 (0.8) 6 (4.7) 0.067
End—stage renal disease, no. (%) 30 (24.8) 36 (27.9) 0.577
Diabetes mellitus, no. (%) 72 (59.5) 59 (45.7) 0.029
Hypertension, no. (%) 100 (82.6) 71 (55.0) 0.000
Coronary artery disease, no. (%) 46 (38.0) 22 (17.1) 0.000
Cerebral infarction, no. (%) 26 (21.5) 12 (9.3) 0.007
Chronic liver disease, no. (%) 16 (13.2) 35 (27.1) 0.006
Any cancer, no. (%) 19 (15.7) 17 (13.2) 0.570
The use of antiplatelet agents, no. (%) 95 (78.6) 32 (24.8) 0.000
Total Cholesterol (mg/dL) 107.0 £ 3.2 114.5+5.0 0.214
Triglyceride (mg/dL) 179.6 £ 22.4 266.9 £ 33.3 0.032
HDL-C (mg/dL) 427+ 1.4 34.0£X1.6 0.000
LDL-C (mg/dL) 34.4 0.6 30.9£0.9 0.001
Fasting plasma glucose (mg/dL) 140.2 £ 7.6 147.5+8.5 0.528
HbAlc (%) 7.6 £0.3 7.3%£0.3 0.505
hsCRP (mg/L) 0.9*0.5 57X 2.6 0.084
Albumin (g/dL) 3.8 £0.7 3.56%£0.1 0.002
Total Bilirubin (mg/dL) 0.6 £0.0 1.0£0.2 0.023
Alkaline phosphatase (U/L) 231.9£17.5 271.8+£17.0 0.105
Aspartate aminotransferase (IU/L) 38.0E£ 3.2 74.7+t11.0 0.002
Alanine transaminase (IU/L) 34.5*2.8 47.6 5.5 0.038
BUN (mg/L) 28.6 £ 2.3 33.0£ 3.1 0.257
Creatinine (mg/L) 27104 2.8%X0.3 0.853
Erythrocyte sedimentation rate (mm/hr) 16475 19.5+9.1 0.792
White blood cell (x 1073/ul) 8.1 0.4 9.3%1.1 0.333
Hemoglobin (g/dL) 14.6 £ 2.2 12.7£1.2 0.424
Platelet (x 1073/ul) 206.8 £ 6.6 197.6 £12.8 0.537
PT INR (INR) 1.1 0.0 1.3£0.0 0.000
aPTT (sec) 31.8+£2.0 35.0f1.4 0.171

Data was expressed as mean = SE. HDL-C, high—density lipoprotein—

cholesterol; LDL-C, low—density
sensitivity C-—reactive protein; PT INR, prothrombin time

lipoprotein—cholesterol;

normalized ratio ; aPTT, activated partial thromboplastin time
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Factors associated with very low serum LDL—C

We evaluated correlations between serum LDL—C and other factors in
subjects with a very low LDL-C. High sensitivity C—reactive protein
(hsCRP) (r=-0.180), total bilirubin (r=-0.323), alkaline phosphatase
(ALP) (r=-0.197), aspartate aminotransferase (AST) (r=-0.211) and
alanine transaminase (ALT) (r=-0.146) showed a negative correlation,
whereas HDL—C (r=0.259), and albumin (r=0.142) showed a positive
correlation with LDL—C in subjects with serum LDL—C 40 mg/dL or less
(Table 3). Adjusted for all of the linear factors above mentioned in addition
to age and sex on linear regression analysis, serum LDL—C correlated with
total bilirubin (# = —0.265, P = 0.001).

When we evaluate correlations between serum LDL—C and other factors in
subjects without history of hypolipidemic therapy, hsCRP, total bilirubin,

and HDL—C remained significant (Table 4).

19
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Table 3. The Pearson correlations between LDL—C and other parameters in

all subjects (n=250)

Correlation coefficient

Parameters —value
(r)
Age (years) 0.093 0.142
Body mass index (kg/m?) -0.053 0.500
Total Cholesterol (mg/L) 0.072 0.262
Triglyceride (mg/L) -0.112 0.080
HDL-C (mg/dL) 0.259 0.000
Fasting plasma glucose (mg/dL) -0.012 0.128
HbAlc (%) —0.056 0.555
hsCRP (mg/L) —0.180 0.004
Albumin (g/dL) 0.142 0.029
Total Bilirubin (mg/dL) -0.323 0.000
Alkaline phosphatase (U/L) -0.197 0.004
Aspartate aminotransferase (IU/L) -0.211 0.001
Alanine transaminase (IU/L) -0.146 0.024
BUN (mg/L) 0.067 0.306
Creatinine (mg/L) 0.057 0.384
Erythrocyte sedimentation rate (mm/hr) -0.008 0.974
White blood cell (x 10°/ul) -0.038 0.577
Hemoglobin (g/dL) 0.064 0.350
Platelet (x 10°/ul) -0.039 0.567
PT INR (INR) —-0.112 0.159
aPTT (sec) -0.029 0.717

HDL —C, high—density lipoprotein—cholesterol; hsCRP, high sensitivity C—
reactive protein; PT INR, prothrombin time international normalized ratio ;

aPTT, activated partial thromboplastin time
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Table 4. The Pearson correlations between LDL—C and other parameters in
subjects not treated with any cholesterol—lowering agent (n=121)

Correlation coefficient

Parameters ) P—value
Age (years) 0.058 0.517
Body mass index (Kg/m?) -0.127 0.255
Total Cholesterol (mg/L) 0.139 0.119
Triglyceride (mg/L) -0.044 0.620
HDL-C (mg/dL) 0.304 0.002
Fasting plasma glucose (mg/dL) -0.059 0.527
HbAlc (%) -0.121 0.388
hsCRP (mg/L) -0.174 0.049
Albumin (g/dL) 0.136 0.128
Total Bilirubin (mg/dL) —0.341 0.000
Alkaline phosphatase (U/L) -0.176 0.059
Aspartate aminotransferase (IU/L) -0.162 0.072
Alanine transaminase (IU/L) —-0.109 0.227
BUN (mg/L) 0.139 0.125
Creatinine (mg/L) 0.117 0.196
Erythrocyte sedimentation rate (mm/hr) 0.362 0.304
White blood cell (x 10°/ul) ~0.022 0.814
Hemoglobin (g/dL) 0.082 0.386
Platelet (x 10%/ul) -0.045 0.631
PT INR (INR) —-0.054 0.600
aPTT (sec) -0.021 0.839

HDL—C, high—density lipoprotein—cholesterol; hsCRP, high sensitivity C—
reactive protein; PT INR, prothrombin time international normalized ratio ;
aPTT, activated partial thromboplastin time
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ICH incidence in subjects with very low and low serum LDL—C level
Because the risk of hemorrhagic stroke is reported to be increased in
subjects with hypocholesterolemia, we analyzed the incidence of ICH in
subjects with very low LDL—C. A total of 4 ICH cases were found in 250
subjects with very low LDL—-C (Fig. 2); all of the ICH patients have no
history of statin use. However, because of low number of ICH cases, there
was only a marginal statistical difference between the statin group and
spontaneous group (p=0.051). These results suggested that very low
LDL—-C after statin use does not lead to an increase in the risk of ICH
compared with the subjects with spontaneous hypo—LDL—cholesterolemia.
Then, we extended our search on ICH to the subjects with serum LDL—-C
level 70 mg/dL or less. We found out 20 additional ICH cases from 721
subjects whose serum LDL—C ranges from 41 to 70 mg/dL. The ICH
incidence in the low LDL—C group (LDL—C level between 41 and 70) was 9
cases among 393 statin users compared with 11 cases in 328 subjects who
had no history of hypolipidemic drug treatment (p = 0.387) (Table 5).
When combined, a total of 24 ICH cases were available for the
comparison between statin user and spontaneous group. There was also a
tendency toward a higher incidence of ICH in spontaneous group (15 cases
among 457 subjects) compared with statin user (9 cases among 514
subjects (p = 0.125). Various clinical characteristics of 24 ICH patients are

summarized in Table 6.
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Table 5. Incidence of intracerebral hemorrhage in subject with on statin
therapy and in subjects not treated with any cholesterol—lowering agent

(spontaneous group).

Intracerebral Total subiects
LDLE Group hemorrhage, ! ’ P
no.
no. (%)
Statin 0 (0) 121
< 40 mg/dL 0.051
Spontaneous 4 (3.2) 129
Statin 9 (2.3) 393
41~70 mg/dL 0.387
Spontaneous 11 (3.5) 328
Statin 9 (1.8) 514
Total 0.125
Spontaneous 15 (3.3) 457
23
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Table 6. The clinical characteristics of 24 intracerebral hemorrhage patients

Subject Other clinical conditions Intervalx LDL-C Medications
No A0l ESRD DM HTN CLD Cancer (weeks) (me/dL) o - in Antiplatelet
1 X O O X O X 128 34 X O
2 X @) X O X X Same 20 X X
3 X 0O X 0 X X Same 39 X )
4 @) X X X X @) Same 33 X X
5 X 0O O 0O X ) Same 56 ) X
6 X X X X X X Same 63 X @)
7 X O O X X X 6 67 O O
8 X X 0O 0O X X 9 54 O O
9 @) X X 0 X X Same 61 X X
10 X X X X X X Same 67 ) )
11 X X X X X X Same 55 X O
12 X X X X X X Same 57 X X
13 X X O 0O X X Same 59 ) @)
14 X X 0O 0O X X Same 55 X @)
15 X X O 0O X X Same 65 X @)
16 X X X 0 X X Same 66 X X
17 X X 0 X X X Same 69 @) X
18 X O O O O X Same 60 X O
19 X X 0O 0 X X Same 65 @) @)
20 X X X X X X Same 70 X X
21 ) X 0O X @) X Same 52 X X
22 X X 0O 0O X X Same 44 @) )
23 X X X 0 X X Same 58 ) )
24 X X X O O X Same 64 X X

* The interval from the confirmed very low or low serum LDL—C level to
incident intracerebral hemorrhage. ICH, intracerebral hemorrhage; ESRD,
end—stage renal disease; DM, diabetes mellitus; HTN, hypertension; CLD,
chronic liver diseases

24
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Figure 2. The Computed tomography scan revealed Intracerebral
hemorrhage in 4 patients with very low serum low density lipoprotein

cholesterol (LDL-C < 40 mg/dL).
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Factors associated with development of ICH in subjects with very low
LBLERG

To find out independent determinants of ICH, a multiple stepwise
regression analysis was performed using data from subjects with very low
LDL—-C. In this analysis, LDL—C level was categorized into two nominal
variables; LDL—C < 30mg/dL and LDL—-C 31—-40mg/dL. In addition to age
and sex, the following parameters were included in the analysis: Alcohol
drink, hypertension, ESRD, chronic liver disease, statin use, and LDL—C.

Only ESRD was positively associated with the development of ICH

(p=0.020) (Table 7).
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Table 7. Stepwise logistic regression analysis of intracerebral hemorrhage
with alcohol drink, hypertension, end—stage renal disease, chronic liver
diseases, statin use, LDL—cholesterol.

Independent Odds ratio p
variables (95% confidence interval)
Age 1.02 (0.96-1.08) 480
Gender 1.22 (0.20-7.39) 831
Alcohol drink 0.77 (0.06-10.46) .845
Step 1 Hypertension 0.37 (0.06—-2.12) .262
End—stage renal disease 11.53 (1.80-73.81) .010
Chronic liver diseases 0.38 (0.03-5.13) 467
Statin use 0.20 (0.02—-1.86) 157
LDL—cholesterol 2.86 (0.50—-16.28) .237
Age 1.02 (0.96—1.08) 472
Gender 1.16 (0.20—6.65) .868
Hypertension 0.37 (0.06—-2.11) .261
Step 2  End-—stage renal disease 11.53 (1.81—-73.54) .010
Chronic liver diseases 0.35 (0.03-4.00) .395
Statin use 0.20 (0.02-1.89) .161
LDL—cholesterol 2.78 (0.50—15.48) 244
Age 1.02 (0.96—1.08) 463
Hypertension 0.37 (0.07-2.12) .265
Step 3 End—stage renal disease 11.51 (1.80—73.48) .010
Chronic liver diseases 0.35 (0.03-4.00) 400
Statin use 0.20 (0.02-1.86) 158
LDL—cholesterol 0.36 (0.07-2.01) .246
Hypertension 0.39 (0.07-2.26) .296
End—stage renal disease 10.82 (1.72—68.02) 011
Step 4 Chronic liver diseases 0.30 (0.03-3.28) 321
Statin use 0.23 (0.03-2.07) .188
LDL—cholesterol 2.69 (0.49-14.92) .257
End—stage renal disease 8.11 (1.46—44.88) 017
Step 5 Chronic liver diseases 0.41 (0.04-3.87) 437
Statin use 0.19 (0.02-1.71) 139
LDL—cholesterol 2.39 (0.46—12.54) .301
End—stage renal disease 7.98 (1.46—43.69) .017
Step 6 Statin use 0.20 (0.02-1.73) .143
LDL—cholesterol 2.02 (0.41-10.05) .391
Step 7 End—stage renal disease 7.28 (1.36—38.91) .020
Statin use 0.18 (0.02-1.51) 114
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Discussion

The causes of primary hypocholesterolemia are some disorders owing to
genetic mutation in the pathway of cholesterol absorption, biosynthesis or
metabolism, including abetalipoproteinemia, hypobetalipoproteinemia,
Tangier disease, chylomicron retention disease and inherited disorders of

18 The causes of secondary hypocholesterolemia

cholesterol biosynthesis
comprise anemia, hyperthyroidism, malignancy, chronic hepatitis B or C
infection, other liver diseases, critical illness, serious stress, malabsorption
or malnutrition, acute or chronic infection, chronic inflammation, and use of

' In addition, what's more important 1is that

some drugs
hypocholesterolemia can result in some adverse events, although direct
causal relationships were not clarified, such as increased mortality,
intracerebral hemorrhage, cancer, infection, adrenal failure, and mental

18,20-23)

disorder . Therefore, with the practice of intensive lipid—lowering

treatment and the tendency to the increased indications of statins, it's high
time that physicians attached more importance to hypocholesterolemia '"***.

In the present study, we evaluated the clinical characteristics of the
subjects with very low LDL—C, the level of which we defined as serum
LDL—-C 40mg/dL or less. The reason why we choose this level of LDL-C
was that intensive statin therapy could decrease serum LDL—C close to this

level, in some patients, when indicated as in patients with a very high

cardiovascular risk **. In our study subjects with very low LDL-C, about
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half of the subjects were statin user. To our surprise, the rest of subjects
had very low LDL—C without statin or other hypolipidemic agents. In line
with previous reports, we also observed a significant proportion of the
subjects with a very low serum LDL—C had one or more chronic medical
illnesses. More subjects with chronic liver disease or who drink alcohol
frequently were in spontaneous very low LDL—C group than in statin user
group.

There have been some concerns about an association between statin use
and ICH '¥. Some reported that a history of hypercholesterolemia and statin
use was associated decreased risk of ICH ?”. There have been no definitive
evidence of an increased risk of ICH with the wide spread use of statins 2”.
Furthermore, an increase in hemorrhagic stroke was not observed in the
long—term statin secondary prevention trials that examined hemorrhagic
stroke as a secondary end point 27, The incidence of hemorrhagic stroke
was < 0.5% in both the placebo and statin—assigned groups.

A post hoc analysis of SPARCL trial showed that the risk of hemorrhagic
stroke increased with high—dose atorvastatin treatment after recent stroke
19 Especially, having hemorrhagic stroke as the entry event increased the
ICH risk, whereas the risk was not associated with post—treatment LDL—C
level, even very low level (less than 40 mg/dL) '®. In German Diabetes and
Dialysis Study involving in patients with type 2 diabetes mellitus undergoing
hemodialysis, more patients died of stroke in the atorvastatin group than in

the placebo group V. However, in that study, the fatal stroke was mainly
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ischemic type; the incidence of fatal hemorrhagic stroke was tended to be
lower in the atorvastatin group compared with placebo group °V. In the
present study, the incidence of hemorrhagic stroke tended to be higher in
subjects with spontaneous LDL—C decrease compared with the subjects
whose LDL—C was decreased by statin treatment. ESRD was a significant
independent risk factor for ICH. And, our study also showed that ICH
incidence did not further increase when LDL—C went down from low level
to a very low level suggesting that post—statin LDL—C level is not
associated with ICH.

Taken together, previous reports and our present data suggest that
although low serum cholesterol level seems to be associated with
hemorrhagic stroke, post—statin hypocholesterolemia is not associated with
the development of hemorrhagic stroke. Rather, underlying condition may
affect the development of hemorrhagic stroke in subject with low LDL—C.
However, in subjects with hemorrhagic stroke at initial presentation, less
aggressive therapy may be considered when statin is indicated ¥,

This study has some limitations. First, the present data were collected
retrospectively from hospital record only. Further cases of ICH might be
missed. Second, we used direct LDL—C measurement data, not LDL—-C
calculated using the Friedewald formula. This led to a significant selection
bias, because direct LDL—C measurements are not generally included lipid
measurements. Actually our data usually came from the departments of

internal medicine, neurology, neurosurgery, and rehabilitation. Third, the
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demographic and clinical data of the subject without ICH whose LDL—-C is
between 41—70mg/dL are not included in the analysis. The primary goal of
the present study was to evaluate the causes and clinical characteristics of
a very low LDL—C status. We included ICH incidence in subject with low
LDL—-C for only comparison with the incidence of ICH in patients with a
very low LDL—C. Our data showed that ICH incidence was not higher in
subjects with LDL—C 40mg/dL. or less than in subjects with LDL—-C
between 41 and 70 mg/dL. Fourth, our results were usually based on single
measurement of LDL—C. LDL—C may change during acute to subacute
stage of illnesses '¥. Single point study can’ t reflect the stage of illness.
In conclusions, in a hospital record review, we found about 1% of subjects
whose LDL—C were measured have LDL—C 40mg/dL or less. And half of
the subjects have such a low level of LDL—-C without a history of
hypolipidemic therapy and rather seem to have chronic systemic illnesses
including viral hepatitis or alcoholic liver disease. ICH incidence tended to

be higher in this spontaneous group than in statin users.
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