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Aém: The POSITIVE study assessed whether long-term treatment with probucol, a potent anti-oxi-
dant and cholesteryl ester transfer protein (CETP) activator, is associated with a lowered risk of car-
diovascular events in a very high-risk population: familial hypercholesterolemia (FH).

Methods: The study cohort included 410 patients with heterozygous FH, diagnosed between 1984
and 1999 by cardiovascular and metabolic experts at fifteen centers, Traceable patients were screened
using predefined eligibility criteria. The primary outcome measure for comparison berween probucol
exposure and non-exposure was the time to the first cardiovascular event involving hospitalization,
Results: Analysis revealed significant differences in baseline characreristics and follow-up trearment
berween exposure and non-exposure. An observed indication bias was the use of probucol in more
severe FH at diagnosis, both for primary and secondary prevendon. When the multivariate Cox
regression procedure was used after adjustment for possible confounding factors, probucol lowered
the risk (hazard ratio [HR], 0.13: 95% confidence interval [CI], 0.05-0.34) in secondary prevention
(n=74) and was statistically significant (#<0.001), although not significant (HR, 1.5: 95% CI,
0.48-4.67: p=0.49) in primary prevention (n=233), Safety assessment found no specific difference
berween exposure and non-exposure.

Conclusion: Long-term probucol reatment may prevent secondary attack in a higher cardiovascular
risk population of heterozygous FH.

JAtberoscler Thromb, 2008; 15:292-303.
Key words; Atherosclerosts, Annoxidans, CETT activator, Dyshipiderma
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the original manufacturer’s withdrawal notice to the
United States FDA in 1995 after 18 year’s use of the
drug. Probucol’s cholesterol-lowering mechanism has
not yet been clearly established, but it is thought to
increase catabolic excretion of cholesterol into bile®.
Later studies™ have described new mechanisms of
probucol, including ant-athcrogenic and anti-oxidant
actions. Another controversial and anti-atherogenic
feature of probucol is its paradoxical effect of lowering
high-density lipoprotein cholesterol (HDL-C). This
action reflects, most likely, its molecular mechanisms:
promoting cholesterol efflux, and enhancing reverse
cholesterol transport by activation of cholesteryl ester
transfer protein (CETP)” # and class B type 1 scaven-
ger receptor'?. Matsuzawa and his colleagues reported
an observed close correlation between the extent of
regression in Achilles’ tendon xanthoma and probu-
col-induced decrease in HDL-C levels in patients with
familial hypercholesterolemia (FH)'",

No large-scale, randomized, double blind com-
parative study has been conducted to justify the use of
probucol in the preventon of CV events or diseases.
however, clinical studies as well as pre-clinical data
have been accumulating evidence of the clinical worth
of probucol in arteriosclerotic discases. Numerous
clinical results, including a reduction in Achilles’ ten-
don xanthoma thickness after long-term treatment for
FH'™ ", reduced rates of restenosis after angio-
plasty'*'9, and a decrease in carotid artery intima-
media thickness'” *¥ support the therapeutic and pre-
ventative effects of probucol on arteriosclerotic lesions
and plaqbue. To evaluate the risk and bendfit of long-
term pro ucol treatment, we conducted a cohort study
to determine whether probucol treatment is associated
with the risk reduction of CV events in patents with
heterozygous FH, a very high-risk population.

Methods

Study Cohort

We registered patients with FH who received
treatment between January 1, 1984 and December 31,
1999 at 15 centers specializing in CV and metabolic
diseases, including FH, nationwide. Patents were
traceable by medical recend and met the diagnosuc
criteria for heterozygous FH under the Japan Athero-
sclerosis Society Guidelines (2002) for the Diagnosis
and Treatment of Atherosclerotic CV Diseases'”. Def-
inite heterozygous FH was defined as having at least
owo of the major features: total cholesterol (TC) of
260 mg/dL and above; tendon xanthoma or xanthoma
tuberosum; reduced or abnormal receptor activity
noted by LDL receptor analysis. Probable heterozy-

gous FH was defined as having at least onc cach of
the major (as above) and minor features: palpebral
xanthoma: arcus juvenilis (< 50 years); juvenile (<50
years) ischemic heart discase. For other eligibility cri-
teria, we excluded patents with possible homozygous
FH or with severe ventricular arrhythmias (poly-
morphic premature venuicular contractions). Possible
homozygous FH was defined as having any one of the
clinical teatures: defect of homozygous or hetero-poly-
meric LDL receptors confirmed by gene analysis: no
LDLR activity observed by receptor analysis, severe
devation of plasma TC higher than 500 mg/dL; xan-
thoma or atherosclerotic vascular lesions including
symptoms of juvenile ischemic heart discase; hyper-
cholesterolemia confirmed in both parents; history
of ischemic heart disease confirmed in both parents;
or poor responsc to any 3-hydroxy-3methyl-glutaryl-
coenzyme A reductase inhibitor (statin).

During the study period between June, 2004 and
September, 2005, we collected anonymous case report
forms with the patients’ bascline data, including medi-
cal history, findings ar clinical examination, medica-
ton data, and laboratory data. The investigators tran-
scribed the data on to case report forms (identified by
a code) from the stored medical charts of the patients.
The obsarvation period was the period for which cach
patient’s clinical course could be traced. The longest
observation period exceeded 20 years for patients on
stable doses of probucol.

We required a sample size of 200 in both the
probucol exposure and non-exposure groups, suppos-
ing a difference of 10% in the incidence of CV events
for 5 years (159% in exposure and 25% in non-expo-
surc). A least 400 subjects were necded to detect the
difference with 80% power and a type | error of 5% at
the 5% significance level with two-sided log-rank test
based on normal approximation. The study protocol
was approved through the process of ethics committee
or institutional review board at cach center.

Definitions and Endpoints

The primary outcome measure was the time to
the first CV event, defined as acute myocardial infarc-
don (MI), angina pectoris (AP), heart failure (HF),
stroke, transient ischemic attack (TIA) or arterioscle-
rotic peripheral artery diseases (PAD) leading to hos-
pitalization or death as well as sudden death within 24
hours of an observed intrinsic event. The obtained
bascline data at the first visit of cach patient included
demographic characteristics: sex, date of diagnosis at
the participant medical center, age, height, weight,
and habits of smoking and drinking. Body mass index
(BMI) was calculated as weight in kilograms divided
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by the square of height in meters. The other collected
characteristic factors art diagnosis were the presence of
xanthoma and its location, prior CV event, onset date
if any prior CV event, treatment for the event, and
other possible risk factors for CV events, including the
presence of hypertension, diabetes, ventricular arrhyth-
mia, and PAD. We collected data on cholesterol-low-
ering therapy (with or without probucol) and other
concomitant therapy with anti-platelet, anthyperten-
sive or diabetc drugs, Dates of drug initiation, discon-
tinuation, re-administration, and termination were
entered as elemental informarion. Treamment period
was defined as the length from initation until medi-
caton termination, or untl the occurrence of the
defined CV event, whichever came first. A lipid pro-
file of TC, wriglyceride (TG), low-density lipoprotein
cholesterol (LDL-C) and HDL-C, blood pressure, level
of fasting blood sugar (FBS), hemoglobinAi: (HbA:c),
and thickness of tendon xanthoma in both feet were
variables of interest, seen as potential predictors of CV
events. We obtained measurements of those variables
on a yearly basis after cach patient was diagnosed.
LDL-C levels were calculated from TC and HDL-C
measurements with the Friedewald formula in TG
< 400 mg/dL. For TG of 400 mg/dL and more than
400 mg/dL, the expression of 0.16 X TG was applicd
in stead of 0.2 X TG, Most patients had fasted com-
pliandy at periodic checkups of their lipid levels. We
set a follow-up period of 10 years for the measure-
ments.

Statistical Analyses

The primary objective of analysis was a compari-
son between probucol exposure and non-exposure to
evaluate whether treatment with probucol (500 mg to
1,000 mg daily) for FH provided CV bencfits. The
analysis was based on intent-to-treat principles. The
secondary objective was to assess whether changes in
the lipid profile after probucel treatment predicted
CV events in the cohort. Event-free survival, detined
as the time from diagnosis to the first CV event, was
determined as a response variable. Statistical analysis
was performed to evaluate clinical outcomes separately
for secondary and primary prevention groups; that is,
patients with or without a history of CV events at
diagnosis.

Baseline characteristics of cach group were ex-
plored to detect risk factors for CV events because po-
tential confounders, including indicaton bias, were
anticipated. For bascline comparison, Wilcoxon's rank
sum test and Fisher's exact test were used for continu-
ous variables and categorical variables respectively. For

detection of risk factors, univariate Cox proportional

hazards regression with a bascline variable as covariate
was used as a screening step to determine the relation-
ship with CV events. Variables thar achieved signifi-
cance at the leve of 20% in univariate analysis were
subsequently induded in a multivariate Cox propor-
donal hazards regression using backward variable se-
lection. Variables proving significant at the 10% sig-
nificance level were selected as risk factors to be ad-
justed. Consequently, probucol treatment effect was
evaluated using the multvariate Cox model with ad-
justment for the selected bascline vaniables. Finally, the
other observed weatment factors: cholesterol-lowering
drugs other than probucol, LD L-apheresis, anti-plate-
let drugs, anti-hypertensive drugs, and diabetic drugs
were entered into that model to assess their cffects.

For the association between changes in lipid
profile after probucol trearment and the nsk of CV
events, pre-treatment values of TG, LDL-C, HDL-C
aswell as TC, and each lipid reduction ratio after treat-
ment were used as covariates. Multivaniate analyses of
time from probucol start to the first CV event used
multivariate Cox’s proportional hazards models. Sta-
tistical analysis was peerformed with SAS version 8.2.

Results

Patient Characteristics

We collected data from the medical records of
541 pationts, and excluded the data of 131 patients
that did not mect digibility predefined in the protocol.

The flow diagram (Fig.1) gives reasons for the
cclusion. A substantial fraction of probucol-exposed
patients, 80.0% and 93.2%, took probucol within
two years after diagnosis for in primary and secondary
prevention groups, respectively. Bascline characteris-
tics at diagnosis are given for cach group (Table 1, 2).
The secondary prevention group (Table 2) had prior
diseases of AP, MI, stroke, HF, and TIA. This group
was found to have significant higher proportions of
men (60.2%, p<0.01), smokers {50.0%, »<0.01),
hypertension (40.9%, p<<0.001) diabetes (15. 9%L€
0.02), and older median age (52 years, p=0.01) than
the primary prevention group. Moreover, the group
tended to have hypo-HDL cholesterolemia of median
42 (20-90) mg/dL, and to recaive combined treat-
ments with anti-platelet drugs (56.8%), anti-hyper-
tensive drugs (53.4%9), and LD L-apheresis (14.8%).

Comparison between probucol-exposed and non-
axposed groups revealed significant differences in some
baseline characteristics and weatments, which showed
a confounding indication that patients with more
severe FH took probucol. For bascline characteristics,
the exposed group for primary prevention had more

—437-



Long-Temn Follow-Up of FH 295

541 patierts assessed
for aligbelity

113 Excluded from analysis

95 deviaed from setting critena
(diagnosis data)
B possible h ygous FH
6 missing daa of 1atal cholesterol
a diagnosis of of diagnostic grounds
1 missing diagnoshic date
dmissing paient oucome

A28 patients me!
eligibxiity criteria

168 pedadric palierts
(youngar than 20 years
old) axcluded

Data available for

analysis
n=410

Fig.1. Patient Flowchart

‘We collected data from the medical records of 541 patients, and
excluded the data of 131 patients who did not meet the eligibility
predefined in the protocol The flow diagram gives reasons for the
exclusion

palpebral xanthoma (13.4%, p=0.05), thicker median
measurement of tendon xanthoma (12.5 mm, p< 0.01),
higher median HbA1w (5.8%, p=0.03), and more
use of antihypertensive drugs (25.3%, p< 0.01). Their
lipid profile was more severe with a higher median
baseline TC (325 mg/dL, p=0.001), a higher median
LDL-C level (253 mg/dL, p<0.001), and a lower
HDL-C level (47 mg/dL, p<0.001) than the une-
posed group. The exposed group for secondary pre-
vention had a higher prevalence of post-MI (44.6%,
£<0.01) than the unexposed group. Observed medi-
cations were also significantly different between the
exposed and unexposed groups. The exposed group
used ana-hypertensive drugs concomitantly at a higher
rate (25.3% vs. 11.2%, p<<0.01) for primary preven-
ton.

Descriptve analysis of basdine characteristics
and treatments during observaton implies that in
both primary and secondary prevention, the exposed
groups tended to include patients with more severe
FH at diagnosis, Arguably, patients considered more
severe at diagnosis would receive more intensive treat-
ment, induding probucol.

Qutcomes
We present the absolute number of CV events
requiring hospitalzation by prevention group with

details of the events (Table 3). The inadence of CV
events without consideration of confounding factors
was 11.6% in the xposed group and 4.5% in the
uncxposed group for primary prevention. For sec-
ondary prevention, the incidence was 27.0% in the
exposed group and 64.3% in the unexposed group.
The event-free survival curve of the secondary preven-
don group is given (Fig. 2).

To identify risk factors for CV events, we deter-
mined the relationship between the incidence and
every basdine variable using univariate Cox regression
at a significant level of 20%. Variables proving signifi-
canr at the 10% significance level in multivariate Cox
regression were selected as risk factors to be adjusted.
We estimated the effect of treatment after adjusting
the sdected risk factors, We calculated hazard ratios
(HRs) with 95% confidence interval (CI) for binary
variables, BMI>25 vs BMI<25, drinking vs no
drinking, for example, and the indicated HRs corre-
sponded to a 1 standard deviation increase for contin-
uous variables, including TC. Estimated results are
given (Table 4).

In the primary prevention group, significant vari-
ables were BMI 225 (HR 1.86, 95% CI 0.87-3.98;
p=0.11), drinking (HR 2.17, 95% CI 1.02-4.63;
p=0.05), tendon xanthoma (HR 2.17, 95% CI 0.76-

.23; p=0.15), prior discases other than CV events
(HR 1.87, 95% CI 0.87-3.99; p=0.11), PAD (HR
5.23,95% CI 0.70-39.2; p=0.11), diabetes (HR 2.27,
95% CI 0.79-6.50; p=0.13), TC (HR 1.37, 95%
CI 0.99-1.89; p=0.06), HDL-C (HR 0.75, 95% Cl
0.50-1.12, p=0.16), SBP (HR 1.48, 95% CI 1.00-
2.18; p=0.05), and the thickness of tendon xanthoma
(HR 1.50, 95% CI 1.06-2.14; p=0.02). Three of
these variables, drinking, TC, and PAD were selected
for adjustment at the 10% significance level as a result
of a muldvariate Cox regression with backward vari-
able sclection. Aftar adjustment for these three base-
line variables, we found no significant effect by probu-
col at the 5% significant level. The estimated hazard
ratio of probucol use for CV events was 1,50 (95% CI
0.48-4.67; p=0.49).

In the secondary prevention group, significance
variables were drinking (HR 1.74, 95% C1 0.80-3.79;
£=0.17), presence of palpebral xanthoma (HR 5.34,
95% CI 2.26-12.61, p< 0.001), TIA (HR 4.16, 95%
CI 0.54-32.21; p=0.17), history of coronary artery
bypass graft (HK 0.31, 95% CI 0.11-0.90; p=0.03),
hypertension (HR 0.58, 95% CI 0.26-1.28; p=0.18),
diabetes (HR 2.89. 95% CI 1.30-6.42: p<0.01), and
fasting blood sugar (HR 1.31, 95% CI10.91-1.89; p=
0.15). Two of these variables, palpebral xanthoma and
diabetes, were selected for adjustment at the 10% sig-
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Table 1. Baseline characteristics of patisnts in primary prevention group’

Primary prevention
No (%) of patients

Characteristics 2
Al Exposed Unexposed
n=322 n=333(724) n=89(27.6)

Age, mean (range) 49 (27-74) S50 (20-74) 47 (20-72) 0.18
Men, Ne (%) 134 (41.6%) 96 (41.2%) 38 (42.79%) 0.90
BMI22s 71 (22.5%) 49 (21.4%) 22 (25.6%) 045
Smoker 99 (332%) 74 (34 1%) 25 (30.99) 068
Drinker 124 (42.2%) 93 (43.7%) 31 (38 3%) 043
Xanthoma 259 (80.7%) 190 (81 .9%) 69 (77 5%) 0.43

Tendon xanthoma 245 (76.3%) 181 (78.0%) 64 (71 9%) 0.30

Nodular xanthoma 28 (3.7%) 22 (9.5%) 6 (6.7%) 0.51

Palpebral xanthoma 36 (11.2%) 31 (13.4%) 5 {5.6%) 0.05
PAD 4 (1.2%) 1 (0.4%) 3 (34%) 0.07
Hypertension 54 (16.8%) 40 (17.2%) 14 (15.7%) 0.87
Diabetes 22 (6.9%) 17 (7 3%) 5 (5.6%) 0.81
Lipid profile, mg/dL

Cct 320 (188-493) 325 (188-493) 307 (194-464) 0.001

TGt 120 (28-1289) 121 (34-1068) 120 (28-1289) 096

HDLC*Y 4% (20-108) 47 (20-90) 52 (27-108) <0001

LDL-C* 244 (45-425) 253 (98-425) 123 (45-403) <0.001
Blood Pressure, mmHg

SEp® 129 (82-190) 128 (82-190) 131 (90-190) 0.57

Dep* 0 (48-120) 80 (48-120) 80 (56-120) 091
FBS (mg/dL)® 95 (63-276) 94 {63-140) 95 (81-276) 0.41
HbAse (%}‘ 57 (4.1-12.4) 58(41-97) 5343124 0.03
Tendon xanthoma thickness (mm)* 12.1 (7 5-49.0) 125 (7 5-49.0) 105 (8.0-200) <0.01
Treatment

Cholesterol-lowering drugs (non-probucol) 302 (93 8%) 219 (94 .0%) 83 (93 3%) 0.80

LDL-spherens 7 (22%) 6 (2.6%) 1(11%) 0.68

Anti-plateler drugs 49 (15.2%) 41 (17.6%) 2 (9.0%) 0.06

Anti-hypertensive drugs 69 (21 4%) 59 (25.3%) 10 (11 2%) <0.01

Diabetic drugs 15 (4.7%) 12 (5.2%) 3 (34%) 0.37

'Continuous variables compared by Wilcoxon's rank sum test, distribution of categorical variables by Fisher's exact rest. SData are medtan (range)
Alldata are number (%) unless otherwise indicated. Each percentage thown s related to the total number with measurement data. BMI, body mass
index, PAD. peripheral artery disease, TC, rotal chelesterol, TG, triglycende; HDL-C. high-density lipoprotein cholesteral; LDL-C, low-denmy

lipaprotein chalestercl; SBE syolic blood pressure; DBE diastolic blood pressure; FBS, fasting blood sugar; HbAw, hemoglobin Ak LDL-C was

calculated with the Friedewald formula

nificance level as a result of multivariate Cox regres-
sion analysis using a backward variable selection. After
adjustment for these two baseline variables, the hazard
ratio of probucol use for CV events was estimated
to be 0.13 (95% CI 0.05-0.34) and significant (p<
0.001). In sensitivity analyses, we also obtained similar
esumation results on probucol for various sets of base-
line covariates for adjustment.

The lipid levels of TC, LDL-C and HDL-C were
lowered after probucol treatment both in primary
and secondary prevention. In the primary prevention

group, the median (range) levels of TC, TG, LDL-C
and HDL-C closest to before treatment wete respec-
avely 305 (165-493), 119 (35-1068), 228 (107-425)
and 48 (25-96) mg/dL, and those at 10-year treat-
ment were, respectively, 222 (141-371), 94 (43-335),
157 (91-311) and 39 (17-81) mg/dL. In the second-
ary prevention, the median levels of TC, TG, LDL-C
and HDL-C closest to before atment were, respec-
avely, 320 (191-469), 129 (37-636), 240 (117-381)
and 44 (24-90) mg/dL, and those at 10-year treat-
ment were, respectively, 211(135-305), 71 (48-475),
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Table 2. Baseline charactenistics of patients in secondary prevenuon group

Secondary prevention
Characteristics o (36) ol pacienn 2
All Exposed Unexposed
n=88 n=74 (84.1) n=14 (139}
Age. mean (range) 52 (23-71) 51 (29-70) 53 (23-71) 062
Men, No. (%) 53 (60.2%) 46 (62 2%) 7 (50 0%) 0.55
BMI 225 21 (25.3%) 17 (24.3%) 4 (30.8%) 0.73
Smoker 42 (50.0%) 38 (53.5%) 4 (30.8%) 0.23
Drinker 39 (46.4%) 33 (46.5%) 6 (46.2%) 1.00
Xanthoma 75 (85.2%) 63 (85 1%) 12 (85.7%) 1.00
Tendon zanthoma 71 (80.7%) o1 (82 4%) 10 (71.4%) 0.46
MNodular xanthoma 7 (8.0%) 6 (8.1%) 1(71%) 1.00
Palpebral xanthoma 8 (9.1%) 5(6.8%) 3 (21.4%) 0.11
PAD 2 (2.3%) 2(2.7%) 0 (0.0%) 1.00
Hypertension 36 (40.9%) 30 {40 5%) 6 (42.9%) 1.00
Diabetaes 14 (15.9%) 9(12.2%) S (35.7%) 0.04
Lipid profile, (mg/dL)
c! 332 (191-469) 334 (191-469) 322 (229-444) 0.41
TG! 128 (37-636) 128 (37-636) 136 (63-318) 0.85
HDL-C! 42 (20-90) 42 (20-90) 39 (26-73) 0.9
LDL-C! 249 (117-381) 156 (117-381) 245 (138-354) 057
Blood Pressure, mmHg
sep! 129 (90-180) 128 (96-180) 136 (90-166) 0.97
DBP {mrnl-[g) ! 80 (52-114) B0 (52-114) 7B (60-104) 0.33
FBS (mg/dL)' 96 (72-252) 97 (72-197) % (79-252) 096
HbAle (%‘J’ 5.8 (4 1-10.6) 55 (4.1-81) 6.4 (5.3-10.6) 0.06
Tendon xanthoma thickness (mml' 14.5 (5.8-25.0) 150 (5.8-25.0) 10.0 (8 5-18 8) 0.09
Prior CV evene
Angina Pectans 45 (51.1%) 35 (48.6%) 9 (64.3%) 0.39
Myocardial Infaretion 34 (38.6%) 33 (44 6%) 1 (7.1%) <0.01
Stroke 7 (8.0%) 4 (5.4%) 3 (21 4%) 0.08
Heart failure 2(23%) 2(2.7%) 0 (0.0) 1.00
TIA 2 (2.3%) 1{1.4%) 1(7.1%) 0.29
Treatment 0.08
Cholesterol-lowering drugs (non-probucel) 81 (92.0%) 70 (94.6%) 11 (78.6%)
LDL-aphereus 13 (14.8%) 11 (14.9%) 2 (14.3%) 1.00
Anti-platelet drugs 50 (56.8%) 44 {59 5%) 6 (42 9%) 0.38
Anu-hypertensive drup: 47 (534%) 42 (56.8%) S (35.7%) 0.24
Diabetic druge 6 (6.8%) 3(4.1%) 3 (21.4%) 0.05

"Diata are the median (range), All data are numbers (%) unless otherwise indicated. Each percentage is related 1o the total number with measure-

ment data TIA indicares transient iichemic attack

147 (124-197) and 33 (17-70) mg/dL. Sub-analysis
of changes in the lipid profile after probucol treatment
detected significant three predictors of CV event risk:
higher bascline TC (HR 2.74, 95% CI 1.05-7.16; p=
0.04) in the primary prevention group; reduction
in TG (HR 0.22, 95% CI 0.06-0.86; p=0.03); and
reduction in LDL-C (HR 0.17,95% CI 0.03-0.90;
£=0.04) after treatment in the subset of the secondary

g‘rwmtion grol.g on stable doses of probucol. Neither
C nor HDL-C after treatment was associated with
CV event risk in the probucol-exposed group, which
indicates that reduction of the HDL-C level after pro-
bucol treatment is not related o CV event risk for
probucol-exposed parients.

We evaluated the safety of probucol for all col-
lected data from 541 parients, and found 56 adverse
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Table 3. Incidence of cardiovascular events

Cardiovascular Event HNo event Total 2
Primary prevention (n=322) Exposed (n=233) 27 (11.6%) 206 233

MI 4

AP 12

Sir 3

TIA 1

PAD 1 0.058

Unexposed (n=389) 4 (4 5%) &5 89

AP 1

Sir. 2

TIA 1
Secondary prevention (n=88) Expoted (n=74) 20 (27.0%) 54 74

MI 6

AP 12

HF 1

Sur 1 0.012

Unexposed (n=14) 9 (64 3%) 5 14

Ml 2

AP 6

Str 1

MI, myocardial infarction; AP, angina pectorns; HE heart failure; Str, stroke: TIA. transient nchemnic amack; PAD, pmph:ul artery disease

"Onie of the 4 patients died after 12 months of probucol rerminaton

cvents in 18 par.icnu. Malaise, pruritus, macrocytic
anemia and pain in the extremities were recorded as
adverse drug reactions associated with probucol. We
noted and reported gastric cancer stage II immediately
to the Ministry of Health and Welfare as an unex-
pected serious event, because of an unknown drug
rclation due to many concomitant drugs, allhuu?h
probucol was found to be non-cardnogenic alone ),
Six deaths were observed in the population not taking
probucol or stopping probucol. There was no other
difference in the incidence of adverse events, includ-
ing serious cvents, between probucol exposure and
non-exposure.

Discussion

Many data from large-scale randomized controlled
trials have overwhelmingly demonstrated the clinical
benefits of lowering cholesterol with statins™ ®, yet
the rapid and extensive prophylactic use of cholester-
ol-lowering drugs remains controversial. Few studies
have addressed the clinical risks and bencfits of long-
term treatment of hypelipidemia among women™ or
clderly patients™. The satety of long-term cholesterol-
lowering therapy, including the issuc of associated
cancer risk or benefit, remains inconclusive because
of conflicting clinical evidence™. More importantly,

conclusions from the results of randomized controlled
trials are limited by their rdatively short follow-up pe-
riods (generally less than 5 years) in the analyzed stud-
ics.

In long-term treatment for FH, probucol was
used with otha cholesterol lowering drugs in over
80% of the secondary prevention group-those with a
more severe clinical outlook than the primary preven-
tion group: a higher prevalence of hypertension and
diabetes, significant thicker tendon xanthoma, more
combined therapy with LDL-apheresis, anti-platelet
drugs, and ant-hypertensive drugs. The high rate of
probucol use in FH was surprising, different from
expected. This might reflect the prescription
hcfuv-ior of cxpcrlg wii?an:yhc result that inuacptablc
patients responded to the regimen.

In the secondary prevention, the higher-risk group,
probucol exposure was associated with a reduction in
the risk of cardiovascular events (HR 0.13: 95% ClI
0.05-0.34) with high significance (p<0.001), while it
was not significant in the primary prevention group.
This result was also contrary to our expectation that
probucol exposure would likely be associated with
increased event risk due to a confounding indica-
tion-that patients considered more severe at diagnosis
would receive more treatment, including probucol.
We did not collect the details of non-probucol drugs
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For secondary prevention, the incidence of cardiovasculas events was 27.0% in the exposed group and 64 3%
in the unexposed group. An event-fres survival curve for the secondary prevention proup & given

Table 4. The results of multvariate analysis using Cox regression procedure

Primary prevention

Secondary prevention

Factor ’
HR 95% CI y HR 95% C1 P
Baceline variables
Total cholesteml 1.58 1.06-233 0.02 = = =
Drnking 143 1.09-544 003 = = N
Penipheral artery disease 527 051-5463 016 = = =
Palpebral zanthoma - = = 194 1.02-8.47 0.05
Diaberes = = = 258 0.76-8.76 0.13
Trearment in follow-up
Probucol we 1.50 048-467 049 013 0.05-0.34 <0.001
Ant-platelet drug use - = = 148 1.00-6.17 0.05

to simplify the study procedure. However, we would
likely exclude underused statins because of the reduced
use of non-probucol drugs from the possible factors of
the higher event rate in the unexposed group, because
statins were available when all of the 9 recurremt
patients (Table 3) started and the partients continued
on cholesterol-lowering drugs. We suppose, therefore,

that the reasons for this unanticipated great risk reduc-
ton include some antioxidant and anti-atherogenic
actions™* 7 of probucol. The finding in second pre-
vention may be suggested by the report? that probu-
<ol significantly decreased sn vire LDL oxidizability
measured under typically strong oxidative conditions,
and that long-term treatment with probucol had an
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anti-atherogenic effect in Watanabe Heritable Hyper-
lipidemic rabbits. From the observation that the base-
line lipid profile was not different between the two
groups of eposure and non-exposure in secondary
prevention, the drug might exhibit greates effective-
ness in post-cardiovascular disease patients, in possibly
advanced lipid accumulation and inflammation,
which are associated with the arculation of oxidized
LDL&,

In primary prevention, we observed an almost
significant increase of cvents in the exposed group
(Table 3), and an apparently increased risk (HR 1.5),
although not statistically significant after adjustment
(Table 4). We supposc, however, that the ideal cffects
of probucol might be concealed by the following fac-
tors noted in primary Ercvcntion. The exposed grou
had a worse lipid protile (TC, LDL-C and HDL-C
levels), higher HbAi, and thus definitely a higher
risk than the uncxposed group. Furthermore, 8 (nearly
30%) of the 27 patients experiencing cardiovascular
events in the exposed group discontinued probucol
when they had events. This was consistent with the
different finding between primary and secondary pre-
ventions in the exposed group: less than half of the
patients (113 of 233) in primary prevention contin-
ued on probucol, while 53 (72%) of 74 patients con-
tinued in secondary prevention. This estimation might
be conservatve.

The conmoversial and paradoxical action of pro-
bucol- lowering HDL-C- level was not associated
with the risk of CV events in the cohort, therefore, the
association between low levels of HDL-C and an
increased risk for CV events or death indicated by the
carly Framingham Heart Study® may not be extrapo-
lated to probucol-treated patents. This proposition is
consistent with recent findings that a lowered HDL-C
level is not always atherogenic, but that the quality
or function of HDL-C is more important than the
HDL-C levels®®. In fact, increased levels of HDL-C
with torcetrapib, a CETP inhibitor, were not associ-
ated with a significant clinical benefic in patients with
coronary disease®", FH*? or mixed dyslipidemnia®,

We speculate that enhanced reverse cholesterol
transport by CETP activation as a result of probucol
treatment also contributed to the detected nisk reduc-
tion in the cohort. The observed positive outcome of
probucol, a CETP activator, might be a mirror image
of the negative clinical trial results for the CETP inhib-
itor™), Reports® * of increased coronary heart disease
in CETP deficiency despite increased HDL-C levels,
and the molecular approach to review CETP defi-
clency’ support our hypothesis, at least in Japanese
genealogy. Interestingly, a recent basic research reports

that human CETP expression enhances the mouse
survival rate in an experimental systemic inflamma-
ton model*?, indicating for the first time a role for
CETP in the defense against the exacerbated produc-
ton of proinflammartory mediators.

For the safety evaluation, we found no cardio-
toxic adverse drug reacton including QT/QT¢ pro-
longation or torsade de pointes, in this study, although
probucol can cause them ' %47,

We obtained these results from an observational
study with no control for inaccuracy, unexpected bias
or confounding factors. We could not assure the preci-
sion of the baseline measurements due to unrecorded
data. The participant centers were major hospitals for
FH, but not all hospitals in Japan, because the study
was conducted as part of a post-marketing study by a
pharmaceutical manufacturer within the framework of
the Japanese government regulations. Some restrictions
on collecting data might have resulted in unexpected
small numbers in the unexposed group in secondary
prevention, although we think that the study cohort
represents nearly a nationwide population of hetero-
zygous FH in Japan. The results derived from patient
data in Japan can not necessarily be generalized to
patients in western countries.

Despite these limitations of the study, however,
we could evaluate the outcome of long-term probucol
weatment in the medical practice setting for FH, a
high-risk population, for as long as 20 years in Japan.
The significant risk reduction of CV events observed
in the secondary prevention group holds clinical sig-
nificance and suggests some beneficial therapeutic
actions of this drug in arteriosclerotic discases. The
hypothesis from the findings warrants a randomized
controlled trial for verification of the secondary pre-
vention, and needs further research into the molecular
mechanisms or roles of CETP in pathogenesis.
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Proposed Guidelines for Hypertriglyceridemia in Japan with
Non-HDL Cholesterol as the Second Target

Hitoshi Shimano, Hidenori Arai, Mariko Harada-Shiba, Hirotsugu Ueshima, Takao Ohta, Shizuya Yamashita,
Takanari Gotoda, Yutaka Kiyohara, Toshio Hayashi, Junji Kobayashi, Kazuaki Shimamoto, Hideaki Bujo,
Shun Ishibashi, Koji Shirai, Shinichi Oikawa, Yasushi Saito, and Nobuhiro Yamada

The Research Committes for Primary Hyperhipidemia, Rescarch on Measures for Intractable Diseases by the Ministry for Health,

Labor, and Welfars in Japan

The Japan Atherosclerosis Society (JAS) guidelines for the prevention of atherosclerotic diseases, pro-
posing management for LDL cholesterol as the primary rarget, have successfully contributed to the
prevention of cardiovascular events; however, recendy, the impacr of hypertriglyceridemia as an addi-
tional cardiovascular risk has become understod, especially in light of the rise in obesity, metabolic
syndrome, and diabetes in the Japanese population. Rather than waiting to obtain conclusive domes-
tic data confirming that hypertriglyceridemia is a cardiovascular risk factor and that its management
is efficacious, we propose guidelines for hypertriglyceridemia using non-HDL cholesterol as a sec-

ond rarget.

J Atheroscler Thromb, 2008; 15:116-121.
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Introduction

Many prospective epidemiological studies have
indicated a positive relationship between serum tri-
glyceride (TG) levels and the incidence of coronary
heart discase (CHD)" ?. TG-rich lipoproteins such as
remnant lipoproteins and small dense LDL particles
arc increased in hypertriglyceridemia and have been
established to be atherogenic by numerous clinical and
experimental studies® s however, dassification of the
plasma TG level as an independent risk factor for
atherosclerosis has been controversial. This is partly
because plasma TG levels are inversely intercorrdated
by other well-established risk factors, such as low HDL
cholestarol. To date, large scale trials for intervention
targeting plasma TGs with TG reducing agents such as
fibrates have not reached definituve conclusions about
their effectiveness on primary endpoints, although fib-
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rates have some impact on both primary and second-
ary prevention in small scale studies””,

The precise sumation of plasma TGs as a cardio-
vascular risk is confounded by other risk factors, such
as obesity, diabetes, hypertension and smoking. In
additon, a cluster of metabolic risk factors, such as vis-
caral obesity and insulin resistance with hypertriglyc-
eridemia, referred to as metabolic syndrome, indicates
that plasma TG concentrations are tightly linked to
other strong risk factors for CHD. Thus, patients with
devated TGs are at increased risk for CHD, although
greater risk cannot be independently explained by TGs.
Mcanwhile, recent meta-analyses suggested that plasma
TGs could be an independent factor for CHD' ¥,
Supportively, many experimental studies indicated thar
triglycenide-rich lipoproteins as well as LDL are ath-
crogenic. Taken together, these data suggest that hyper-
triglyceridamia should be regarded as a semi-indepen-
dent risk factor and should be included as a clinical
target for the prevention of CHD. Considering the
increasing prevalence of obesity, metabolic syndrome,
and diabetes in this country, guidelines specialized for
patients with hypertnglyceridemia need to be immedi-
ately established. In this study, we propose new guide-

lines for Japanese patients with hypertriglyceridemia
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Table 1. Flasma lipid profile of severs and mild type b hyper-
lipidemic parients sub-grouped by non-HDL choles-

tero] level
severe type b mld rype IIb
Male non-HDLe 2
190 mg/dl <190 mgldL
n 51 4
Total Cholesteral 270x41.8 234+403 0001
Thglycenides 347 %286 236=110 0031
HDL Cheolesterol 424%80 5492152  0.000
LDL Cholesterol 1592516 135+381 0,029
non-HDL Cholesters! 2282416 182+39.1  0.000
severe type Ib  mmuld type b
Female non-HDLe ?
>180 mg/dL < 180 mg/dL
n 52 48
Toral Cholesterol 265296 2312202  0.000
Thiglycerides 242130 218%56 0.1
HDL Cholestercl 473x14.1 63.2x195 0.000
LDL Cholesterol 175+40.4 125179 0.000
non-HDL Chelesterol 224+302 168149 0000

Subjects were patients who visited the curpatient elinie of the Ende-
crinelogy and Metabiolism Unit of Taukuba University Hospital on a
regular basis (monthly or bimenthly) as described in Materials and
Methods. Data are the means =50 (mg/dL)

using non-HDL as a secondary rarget after the goal
for LDL cholesterol as the primary target is achicved.

Materials and Methods

A total of 1,124 patients in Tsukuba University
hospital in 2006 were consecutively included in the
study (Table 1). Patients with severe illness were ex-
cluded. Plasma total cholesterel (TC), LDL-C, TG,
HDL-C, glucose and HbA1c¢ in either the fasted or fed
state were determined enzymatically with the Hitachi
7070. Plasma HDL-C concentration was measured by
a direct method using polyethylene-glycoso-pretreated
enzymes. We calculated IDL-C concentration with
Friedewald’s formula (TC-TG/5-HDL-C) when TG
was less than 400 mg/dL. Plasma non-HDL-C con-
centration was calculated as TC - HDL-C. One hun-
dred and five male and 100 female patients were diag-
nosed with Type ITh hyperlipidemia (TC >220 mg/dL
and TG > 150 mg/dL). They were subcategorized into
two groups according to their non-HDL cholesterol
level (Table 1).

CHD events
Other
Risk Factors
VLDLe, IDLg RLPe
LDL cholestarol
30 Non-HDL cholasteral

Kg. 1. Rauonale for usage of non-HDL cholssterol impact
of TG and other risk factors on correlation berween
LDL~cholesteral CHD event

nonHDL cholesteral=Toral cholesterol—= HDL chalesteral=VLDL
cholesterol + IDL cholesterol (remnant lipoprotein cholesterol) +
LDL cholesterol (Friedewald formula)

VLDL cholesterol + IDL cholestaral (RLP cholesteral) =TG/%

The rick of hypeniglyceridemia is approximated to VLDL, IDL,
and RLP chelesterol esumated as TG/5, and incorporated into non-
HDIC The difference berween non-HDL cholesterol and LDL
cholesterol on X-axis was set up at 30 mp/dL based upon the dam
from Fig 2

Results and Discussion

Advantage of Non-HDL Cholesterol as a Marker
for Hypertriglyceridemia

LDL cholesterol has been established as the most
potent predictor of CHD and is currently the primary
target for treatment and prevention. Other risk factors,
including TG, diabetes, obesity, and metabolic syn-
drome. do not directly devate plasma LDL cholesterol,
but could enhance the risk of LDL cholestarol by
shifting up the curve, as depicted in Fig. 1. To evaluate
and manage the risk of hypertriglyceridemia, the TG
levd must be interpolated into the risk of plasma cho-
lesterol. In patients with high TGs, most VLDL cho-
lesterol resides in the smaller (remnant) VLDL frac-
ton. Cholesterol of remnant lipoproteins (VLDL and
IDL), which 1s concomitantly increased by clevation
of plasma TG is an opriate surrogate marker of
hypertriglyceridemia. ai;%—ri':h remnant lipoproteins
have been established as atherogenic lipoproteins® .,
Thus, RLP¢, a commerdially available laboratory test
tor remnant lipoprotein cholesterol, could be a suit-
able marker for the atherogenicity of hypertriglyceri-
demiz; however, this test is expensive and is not prac-
tcal for use as a routine parameter. In contrast, non-
HDL cholesterol, defined as total cholesterol- HDL
cholesterol, is easily calculated, and represents the sum-
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mation of VIDL/IDL (remnant) cholesterol and LDL
cholesterol. It reflects the risks for all apoB-containing
lipoproteins and could be an excellent marker for ath-
erogenic lipoproteins. Plasma TG itself is not an appro-
priate marker for CHD risk due to its intemal and
dietary variability. In contrast, non-HDL cholesterol
is not affected by dictary states and has much less daily
variability than TG.

Predictive Power of Non-HDL Cholesterol

Non-HDL cholesterol reflects the risks of both
hypertrigyceridemia and LD L-cholesterol** V. Several
studies have indicated that non-HDL cholesterol is
berter than LDL cholesterol in its predictive power of
cardiovascular diseases, ind.ica.ting that VLDL choles-
terol could contribute to CVD'?. Non-HDL choles-
terol is also a useful marker in a variety of subpopula-
tions: men, the elderly, and patients with high-risk dis-
cases such as diabetes and end-stage renal disease''9,
Our current clinical data from patients with type IIb
hyperlipidemia also support the usefulness of non-
HDL cholesterol (Table 1). In our outpatient clinic,
70% of patients had diabetes and roughly 10% were
type b hyperlipidemia (cholestarol >220 mg/dL and
TG>150 mg/dL). These type [Ib hyperlipidemic pa-
tients were equally divided into two sub-groups: severe
(non-HDL cholesterol levels 2 190 mg/dL for male pa-
tients and 180 mg/dL for female patients) and mild
< 190 mg/dL for male patients and 180 mg/dL for fe-
male patients. When the severe and mild [Ib groups
were comparcd, total, LDL, HDL cholsterol, and TG
Icvcis were significandy different among these two

ups for bO%‘I genders, except for serum triglyceride
m fmalcs (Tablc 1). These data indicate that non-
HDL cholesterol is an excellent marker representing
all the components of dyslipidemia. The usefulness of
non-HDL cholesterol rather than low-density lipopro-
tein cholesterol as a tool for lipoprotein cholesterol
screening and assessment of risk and therapy has been
already recognized in the USA' ¥, Another candi-
date marker for both remnant and LDL cholesterol is
plasma apoB level'?. ApoB is a direct marker for the
particle number of apoB-containing lipoproteins and
reflects risks of both remnants and LDL. Non-HDL
cholesterol is highly correlared with apoB, and should
replace this specialized and expensive laboratory test
despite some reports indicating that apoB is better
than non-HDL cholesterol for the predicuve power of
CHD B3 ®,

However, according to the Fricdewald formula,
the TG risk in non-HDL cholesterol represents only
onc fifth of TG levels as remnant cholesterol, and thus,
the contribution of the risk is relatively weak com-

300 -
m e
-
'ﬁ‘ 200
3 st
g 150 150 4@ *ﬁ‘
] 100 ".'..
50
1] T T T T 1
'] 50 100 120 160 200 260
LOLe{mg/dL)

Rg.2. Distribuuon of non-HDL cholesteral w. calcularad
LDL cholesterol in nommolipidemic patients

Non-HDL cholesterol and LDL cholesterol calculated from Frie-
dewald formula were highly correlated. Subjects were from the out-
patient clinic of Tsukuba University Hospiral ™

pared to that of LDL cholesterol. Qur previous data
indicated that the correlation of non-HDL cholesterol
to LDL cholesterol was much stronger than that to
the TG level (Fig.2)?". It should be noted that non-
HDL cholesterol is not a specific marker for hypertri-
glyceridemia. Rather, non-HDL cholesterol should be
regarded as a general single marker for both hypercho-
lesterolemia and/or hypertriglyceridemia

Proposed Guidelines for Hypertriglyceridemia
Based upon these considerations, we propose
guidelines for hypertriglyceridemia in Japanese patents
using non-HDL cholesterol as a secondary target, as
shown in Table 2. This is an extended version of the
2007 edition of the Japan Atherosclerosis Society (JAS)
guidelines for the prevention of atherosclerotic dis-
cases in which LDL cholesterol is the primary marker
and rarger. It is essentially similar to the AHA-ATPII
guiddines for hypaTG in USA®. ATPII recommends
using non-HDL cholesterol as a secondary target when
plasma TG is greatar than 200 mg/dL because VLDL
cholesterol is not slgmf cantly accumulated if TG is
less than 200 mg/dL*. We do not have enough clini-
cal data for Japanese on the relationship between TG
and VLDL cholesterol to provide the appropriate TG
level where the use of a non-HDL marker should be
considered. Currently, we recommend using non-HDL
for patients with hypertriglyceridemia (TG > than 150
mg/dL). Even for patients with hypertriglyceridemia,
the primary target is sall LDL cholesterol. In the 2007
JAS guidclines, goals of LDL for the secondary pre-
vention group and the primary prevention group with
category 1, II, and I are 100, 120, 140, and 160 mg/
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Table 2. Fropased Japanese Guidelines for Hyperuiglycendemia

Categones Goal o plasma hipids (mafd)
Treatment . -
Cotonary Fisk Factors
othet than LCL.C Primary LDL-C Secondary nonHDL-C HDL-C

1 (Low Rk Group) a <180 <190
Primary Pravention
Imfumwn Itestyla as the first ke, | 0 Ontefmediate) 1~2 <140 <170
tollowed By medication i

I (High) 23 <12 <150
Secondary Prevention ’

5t He " <

Improving itestyie & madicaton Pa shory o1 CHD e el

Geals for control depend upon categories of LDL cholesterol and nen-HDL cholesterol The primary target in hypeniniglycendemia in

LDL-cholesterol If the goal for LDL-cholesterol in the Japanese Guidel

mnes for Atherosclerosis 2007 1 already achieved, nonHDL-C 1s

the secondary target. For the patients with TG > 500 mg/dL, potential genenc diserders and the prevention of acute pancreanris should
be considered. Coronary nsk factors other than LDL <halesterol include low HDL chelesterol. aging, diabetes, hypertenstion, smoling,

past history of CHD. and obesity (viscerl obesity)

dL, respectively. Goals for non-HDL cholesterol in
cach group are those for LDL cholesterol plus 30 mg/
dL. This is based upon our ourpatient clinic data that
non-HDL cholesterol was 30 mg/dL higher than LDL
cholesterol (Fig.2)?". ATPII also recommends using
LDL cholesterol goal + 30 mg/dL*. This also corre-
sponds to the calculated VLDL cholesterol of the cut-
off point of normal TGs (150/5 mg/dL). This goal is
arbitrarily set and could be modified in the Future,
especially when the relative atherogenicity of remnants
and LDL cholesterol are more preciscly determined. In
the case of TGs of greater than 500 mg/dL, the risk of
pancreatits should be carcfully considered as a poten-
ual acute complicauon.

Treatment of Hypertriglyceridemia Based upon
Non-HDL Cholesterol Level

Treatment of patients with hypetriglyceridemia
for primary prevention should be initiated with life-
style modifications, especially reducing weight and in-
creasing physical activity. Lifestyles exacerbating hyper-
trigylyceridemia, such as overweight, obesity, physical
inactivity, cigarette smoking, cxcess alcohol intake, and
very high carbohydrate diets, need to be improved.
Other disorders and drugs that cause secondary hyper-
triglyceridemia, including diabetes, chronic renal fil-
ure, nephrotic syndrome, and steroid therapy, should
also be treated first. In the event that lifestyle modifi-
cation for at least three months is not dfective to
achieve the goal of non-HDL cholesterol, medication
should be considered. Currently, duc to lack of evi-
dence to fully justify the use of fibrates for high TGs
prior to statins, it is recommended to use a statin as
the first line choice for high non-HDL cholesterol. If
statin therapy is already used to control LDL choles-
terol, management of non-HDL should be targeted by

increasing the dose of the statin or switching to a
stronger ﬁ:m‘l. This is based upon the notion that rem-
nant lipoprotdns, as well as LDL, are taken up through
LDL receptors that arc up-regulated by statins. In the
case of type II hyperlipidemia, or if high non-HDL
cholesterol is much more prominent than LDL cho-
lesterol because of hypertriglyceridemia, fibrates could
be considered as they specifically reduce plasma TGs
and are effective against type [I hyperlipidemia. How-
ever, LDL cholesterol should be carefully monitored
since fibrates occasionally raise LDL cholesterol fol-
lowing a decraase in TGs (VLDL cholesterol). In case
the goal for LDL cholesterol is not artainable, the ad-
dition of cholestimide and/or ezetimibe to statin could
be considered, whereas EPA could be considered for
hypertriglyceridemia. A positive result from a recent
large scale Japanese study using both EPA and prava-
statin to estimate the preventon of atherosclerotic
events, justifies superimposing EPA on statn therapy,
although the contribution of the plasma TG-lowering
effect of EPA to the preventon of cardiovascular events
is not yet determined ™. The compledity of the choice
of medication for high non-HDL chalesterol is cur-
tently inevitable because no agents specifically decrease
non-HDL cholesterol. Drug information strongly
warns against the use of both statins and fibrates be-
cause of increasing the risk of the life-threatening side
effect of rhabdomyolysis. Joint use is justified only
when the benefit exceeds the risk, which requires ex-
pertise in this field: however, considering the very few
reports of thabdomyolysis as a severe side effect in re-
cent post-market studics in Japan, carcfully prescrib-
ing both agents for high-risk padents such as those
with type b hyperlipidemia could be re-considered.
Joint use might be restricted in the clderly or renal
compromised patients. In addition, monitoring mus-
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cle symproms and plasma creatine phosphokinase is
necessary in patients prescribed ecither statns or fi-
brates.

Conclusions and Future Prospect of the Guidelines

Non-HDL cholesterol containing both LDL cho-
lesterol and remnant cholesterol, is an excellent predic-
tor of atheroscleronc risk, and should be a treatment
target. Non-HDL cholesterol is simple, convenient,
and free from dietary variations. These advantages are
crucial for nation-wide use of the guidelines and health
check activity. This simple measurement could also
make it possible to re-evaluate previous clinical studies
using this parameter to offer a good chance of estimar-
ing the usefulness and importance of this marker in a
large meta-analytical scale.

In the current study, we propose that LDL cho-
lesterol is the primary target and non-HDL cholesterol
should be the secondary target for elevated TG. Con-
sidering that non-HDL and LDL cholesterol are par-
tially redundant, non-HDL could replace LDL as the
primary target and as a general marker for both cle-
vated cholesterol and TG. As Table 1 shows, non-HDL
cholestarol could be used as a general and convenient
lipid marker for type [Ib hyperlipidemia.

This proposal still faces the recent problem of
selecting lipid markers for the initial assessment for
dyslipidemia. The recent GL focus has been on LDL
cholesterol rather than TC, while LDL cholesterol
has a problem the lower reliability for direct measure-
ment. In addition, a considerable portion of hypertri-
glyceridemia is not applicable to this equadon. For
subjects with hypertriglyceridemia, application of this
new GL eventually requires all TC, TG, HDL, and
LDL cholesterol measurements to assess both LDL and
non-HDL cholesterol. Currently, however, the Japa-
nese medical systam covers only three out of four lipid
measurements as healthcare services provided by health
insurance. Further Japanese clinical studies and carcful
cvaluation of the data, as well as technical improve-
ments of reliable LDL cholesterol measurements, are
required to determine the most efficient protocol 1o
select lipid measurements as the initial assessment of
dyslipidemia to prevent CVD in Japan. Furthermore,
guidelines for HDL cholesterol should also be estab-
lished, although the relative importance and position-
ing of non-HDL and HDL is yet to be determined.
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Abstract Dual energy CT can be
applied 1o bone elimination for cere-
bral CT angiography (CTA). The aim
of this study was to compare the
results of dual energy direct bone
removal CTA (DE-BR-CTA). To
those of DSA. Twelve patients with
intracranial aneurysms and/or ICA
stenosis were performed on a dual-
source CT in dual energy mode. A
post-processing software selectively
remove bone structures using the two
energy data sets. 3D-images with and
without bone removal were reviewed
and compared to DSA. Dual energy

Introduction

bone removal was successful in all
patients. For 10 patients, bone re-
moval was good and CTA MIP images
could be used for vessel evaluation.
For 2 patients, bone removal was
moderate with some bone remnants
but this did not disturb the 3D visu-
alization. Three ancurysms adjacent to
the skull base were only partially
visible in conventional CTA but were
fully visible in DE-BR-CTA. In 5
patients with ICA stenosis, DE-BR-
CTA revealed the stenotic lesions on
the MIP images. The correlation
between DSA and DE-BR-CTA was
good (r2=0.822), but DE-BR-CTA
lead to an overestimation of stenosis,
DE-BR-CTA is able to eliminate bone
structure using only a single CT data
acquisition and is useful to evaluate
intracranial aneurysms and stenosis.
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Cerebral computed tomography angiography (CTA) has
become a powerful, noninvasive diagnostic tool for
evaluating cerebrovascular disease [1-3]. However, sin-
gle-source CTA still has drawbacks compared 1o digital
subtraction angiography (DSA), in particular for the
evaluation of arteries with calcified plaque or vessels
located next to the skull bone, as these vasculatures cannot

be unambiguously distinguished from surrounding bony or
calcified structures. This problem can be solved by
applying subtracting CTA to a noncontrast and a contrast
CT data set to eliminate bones [4-8). Dual-source. dual-
energy CT has the potential to distinguish 1odine from bone
or calcifications using the attenuation difference between
the two energies [9]

Here, we cvaluated the performance of dual-energy
direct bone removal CTA (DE-BR-CTA) for diagnosing
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