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Background: Cerebrovascular disease has been suggested as one of the mechanisms to ex-
plain the pathogenesis of Alzheimer’s disease (AD) as well as vascular dementia (VaD). Although
remnant lipoprotein (RLP) is strongly atherogenic and known as an independent risk factor of
cardiovascular disease, there are few studies on the role in cerebrovascular disease. We con-
ducted this study to evaluate the association between RLP and dementia, in terms of vascular
etiology. Methods: Subjects were classified into 3 groups of control, AD and VaD. Plasma RLP
cholesterol (RLP-C) concentrations were measured by the immunoseparation method. A total of
173 participants, who were 87 ADs, 28 VaDs, and 58 controls, were analyzed and age-matched.
Results: RLP-C level was elevated in VaD (11.95+6.67 mg/dL) and AD (10.04 £5.90 mg/dL)
groups more than in control (6.31+5.18 mg/dL) (p<0.001, ANCOVA). In addition to the control
for age, the findings were also independent of the levels of triglyceride (TG), total cholesterol,
low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol. The elevation of
RLP-C level in AD and VaD was further distinct in subjects with normotriglyceridemia (p=0.001,
ANCOVA). Conclusions: Our results demonstrated that RLP-C is elevated in VaD and AD, and
can overcome the limitation of TG with heterogenous atherogenic particles. RLP-C might be a
useful marker to indicate the cerebrovascular disease with large vessel problem.

Key Words: Dementia, RLP-C, Atherosclerosis

M E AAAAR 2Hgol= A2 58, dstolHy el EX(hall-

mark)0]|2tal & 4= Q1= opd 20| =HEKAR) 2] A1t AA

dzstolmH(Alzheimer's disease)}> 2] 71 &35 ¢ T AR &S sk A o® dEA Qlok. o] Y23t
ol Agko = HA9| 50-60%5 AHAlstH (1], B A| v (vas— ol FEAFNA FHYAHE A7t s A obdE

cular dementia, VaD}= = A= 53t 2| o] lQlo] Hrf, ol=Here] ST WAE NI, FT Aol st EH 2|

w3 Ayl Aslo|ro] Wa] AL

< A= Sk 9| TFE ofyet AAHIE Yo FE= opd 2o EHERe]

rl

UehE 497k Eich BuaAne dEcd 1B, AEACl 93 A 202 Uehdehdl
5t o

T, DI AHED S, —g‘?ﬂ% | Qo o] AES

slojm o] "h]7] A (pathogenesis)ol = 523+ 982 35}

Aoz AZYECH2, 3], A 9 G=stojmat
g Ao

olzgt B A F 53] FH2HES WA

od= A E A AT (remnant lipoprotein, RLP)2 <519
= (chylomicron)?} ZAUEA| AT (very low—density lipo—
H protein, VLDL)®] 7}=E3| hydroly81s)°ﬂ oJ3)| ghEoiA|H
9| [5] 5% J(atherogenic)?] 7Fs/do] =2 A& d#A 9l

75



tH6l. ARE SR triglyceride)d] % F=7t F71e
2 AW AS coronary artery disease)S EFTH FANE
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Japan Immunoresearch Laboratories, Japan)& AR5t
M2 g (immunoseparation) &2 HE|E=d| Aoz
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search for clinical dementia, CRCD)l|A] AR§31aL Q)= CR-
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(periventricular hyperintensities, PVH) 2 4] Fu12HA
(deep white matter hyperintensities, DWMH) 2.2 Lo
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Xl(analysis of covariance, ANCOVA)E AAstgon ALE
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Table 1. Demographic data

Control (n=58) AD (n=78) VaD (n=28)
Clinical characteristics
Age (yr)* 63.25+6.87 7380+6.86 71.86+8.73
Gender (M:F)' 21:37 31:47 8:20
Education (yr)* 9.17£3.51 4.39+£4.22 4.42+514
K-MMSE' 28.18+t125(n=11) 17.37+£568 1657+6.48
CDR' 0.00+0.00(n=11)  1.16+063  1.44+0.77
DM 6(10.34%) 9(11.11%) 7 (25%)
Hypertension 16 (27.59%) 31(39.74) 15 (53.57)
Cardiac disease 1(1.72%) 2 (2.56) 2(7.14%)
On MRI
PVH 4:2:4 15:24:48 2:4:22
DWMH 6:2.2 59:24:4 7:13:8

Data presented are mean=SD, or number of cases.

Statistical analysis was performed by analysis of covariance (ANCOVA)
after controlling for age.

*p<0.05 for the difference among groups of control, AD, and VaD; 'not
significant for the difference among groups of control, AD, and VaD; ‘not
significant for the difference among AD and two groups of VaD.

AD, Alzheimer's disease; VaD, vascular dementia; K-MMSE, Korean
version of mini-mental state examination; CDR, clinical dementia rating;
DM, diabetes mellitus; MRI, magnetic resonance imaging; PVH, periven-
tricular hyperintensities; DWMH, deep white matter hyperintensities.
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o] tjzo] 63,25+ 6.87412 A=slo|my 73,80+ 6,864,
A 71.86+ 8,734 H]&l 2 1th(p<0.001). AE 2] 2
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351902 xalo|my 4.39+4 924, I 4,42+
5,143} 2to] 7} 1% tHp=0.002). K-MMSE, CDR A= &
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1) CHET, Y=510[0E 3 S R[ojofAe] Hm
e g %IEE}OM%* 9 G| ul Al LellA] RLP-C 2=
+5.18 mg/dL, &=3to|HH 10.04+5.90 mg/dL,
g l H 1.95+6.67 mg/dLOE 2fo]Z Hlrh &=slo)
o 9 F g Rl B o ztel] wlsl A VrEletth(p<0,000).
o A= 2T 134.71+£60.60 mg/dL,
fgzzs}o]ﬂi% 147,35+ 72,10 mg/dL, ¥ A 120,31+
71.97 mg/dL2 YERGTHp=0113). & S A8l E(H)%2 195.90
+35.29 mg/dL, AD; 185,14+ 40,33 mg/dL, VaD; 202,00
+49.23 mg/dl) ¥ LDL S 2SR 116.73+32.40
mg/dL, AD: 107.65+£29.66 mg/dL, VaD; 118.66+40.42
mg/dl), HDL A E( 24t 53.98+13.76 mg/dL, AD;
58.34+33.69 mg/dL, VaD; 49.33+13.95 mg/dL) 3] H5F
Al < 2kl 2kl 7L glSiek(Fig. 1).

2) ZAIR|EE £=X|0f W Xt0|(triglyceride>200 mg/dL)
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RLP-C % A&AFE9 Zo|7F Y] 9ekotk(p=0.064
on RLP-0), Ad58 A% AdolA= RLP-C =27} Hi2t
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Fig. 1. Comparison of RLP-C and general lipid profile among groups of control, Alzheimre’s disease, and vascular dementia which is fur-
ther divided into small vessel dementia and non-small vessel dementia. (A) The serum level of RLP-C is highest in VaD, especially in ns-
VaD. Patients with AD also have higher RLP-C levels than controls. (B) TG levels are different when they are compared among 4 groups
of control, AD, sVD, and nsVaD. Statistical analyses were performed by using analysis of covariance (ANCOVA) and Scheffe method as
post hoc for multiple comparison. Age and other lipid profile than RLP-C (A) were adjusted.

AD, Alzheimer's disease; VaD, vascular dementia; nsVaD, non-small vessel dementia; sVaD, small vessel dementia; RLP-C, remnant lipo-
protein cholesterol; TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Table 2. Comparisons after dividing into hypertriglyceridemia
and normotriglyceridemia

Control AD VaD pvalue
In hyperTG n=11 n=15 n=13
RLP-C 11.61+£3.28 17.79+7.75 16.96+6.33 0.064
TG 234703555 260.87+65.35 257.08+56.63 0.422
LDL-C  108.08+46.10 114.03+£24.77 126.60+46.06 0.511
InnormoTG  n=47 n=63 n=15
RLP-C 5.21+4.91 8.20+3.43 761284  0.001
TG 112.98+39.13 120.32+40.39 104.53+47.92 0.210
LDL-C  113.16+32.70 103.00£33.22 103.09+38.19 0.270

Data presented are mean=+SD.

Statistical analysis was performed by using analysis of covariance (AN-
COVA).

AD, Alzheimer's disease; VaD, vascular dementia; hyperTG, hypertrigly-
ceridemia; normoTG, normotriglyceridemia; RLP-C, remnant lipoprotein
cholesterol; TG, triglyceridemia; LDL-C, low-density lipoprotein choles-
terol.

of| A 521+4.91 mg/dL, &=3to]H 8.20+3.43 mg/dL,
HA Al 7.61£2.84 mg/dLE 2o|E EFTHp=0.001).
2. RLP-C X9} QAMM 2l HiAIM

LASS| Ay
RLP-C 2= tidAHE9] Uole} deke Btk vol7 &
&% RLP-C 27} F7}ske Ao daE irh(r=0.180,
p=0.009). g=sto|ury g5 9 AF9| tjz=o|A RLP-C
= K-MMSE, CDR ¥ PVH, DWMH2] | w2HA Aol
AR Holx| ottt &, WAL H=t Akl siA

RLP-Cgle] S7FeHAl= 3kt

LAy

Uzstolmy, FygA|uo 5| RLP-Cgk2 thxtell H]sf
=7 UebEtth RLP-CEE 53] S84 217F ARl 45
off iz, gzsto|my G|l 7t ZpolE T e
Holil QISitt, RLP-CEE Uo7t B&45 F7kstelon, 1
©] K-MMSE, CDR ¥ MRI®]| | w28 dal= FastA vt
Wk
1 IR E=A AEA <
| . HDL Zd2HEo|v LDL
FH2gH o FshA AEARS 5T £ Qe Ao
A A UTHITI,
ALY EF

CES

e
i)
)
52 1
3
mn

S FFHOR 2748 gl o] TRLS YR
FAAY SARE TRLE o oS T2

UL, FFBA 7ol w2 oW o YAE HES

ox
)
T
)
lo

-

mh oo e
4 ©

X

L

o,

2

s



2xoi0|HE 3 HIR|O) EXjofA AHEAR AU AHES] SVt ofF] AT

71% ol iek12). 2y & RLP-CO 7hdst 4R o]
WdEol18], £F374 7Fs/dol %2 TRL Wl U=
ol 7hselidlel wet 53] W Aek) wste] W
T7F o] FolA gk, ey, HEiAsh} Hstol A= ofF]
T A7} o] Fof A A] Gk}, Z[E RLPREo] X740 =3
2ol 93 QIxpr) "k A Aukr) wEEglom[19], RLP
= Al Ed| A (oxisative stress)[28], B3I 7|53 ol (en—
dothelial dysfunction)[29] ¥ HZH| 254l (smooth mus—
cle cell proliferation)[30] 59 7|4 B3 S44EE 4o
7le Aor dEA ok, 4] SRR E3F RLPe ofsf
S abE vk 31l

z=sto|my o] W7 HS AP of ol
hypothesis) ©A] 83k 7Hd 9] shuba Q1AL QITh32],
E3] gigdisel ¥elskcircle of Willis)e] SARs W A5l
¥} opd 2ol =T (amyloid plaque), A1744-8-%% (neurofib—
rillary tangle) 22 @=3sto|mH ]76‘ Wl a4 7ol B
do] REHA dzstolugolA] AFeHASHE ofz} thE
| FAIE o718 4= 9SS AAFSISITHB3-36]. FH|AH1E
o] S7te WU Aoy e ek sast

il
re _Il)lf
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E(vascular

B QAT Glov] AT FHFHHNFE A%
Q0717 Hof

U AR S Fol 1A7159 AekE
S NEeso] d=sto = %
£ s QIeh37], RHIAQ1 o) AR ARFAEY A
(oxidative stress)tt oL A4 4 (brain energy failure)<
F=g 4 dom A= A A ZAPE (neuronal death) 2 &=

stojmrg el x| wEje} IA7Is Aske oAl s Aot

29 &(MR angiography, MRA) -2 d3o|
EHG} Flfr:\_ @/\}7} O]T—]Z] ]“ Ao ‘% %ﬂ A2l A=

H| 549 147““ 50] gl FH41] 2Z T A vli(small
vessel dementia, sVaD)&, TEA] ¢F& FAES v AETA
Au(nsVaD)Z AaFote] that, d=stolury 9 sVaDeo}
nsVaD Y] wtolA] 3} 22 v wE 3F9E tf, nsVaD A=
9] ZAXE Fh2 226.36+85.35 mg/dLE sVaD A=
120,31 71.97 mg/dLo] ]3] %2 5212 Bolw oFzsho|n)
B gl dfzto] WA E # A YERth(p=0.004). RLP-CZL
o 9loJM %= nsVaD TAE-E 15.61+7.12 mg/dLEA sVaD
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359 RLP-C 8.29+3.60 mg/dL @ &=slo|us oz
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