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The Correlation of Levels of Serum Lipid, Homocysteine, and Folate with Volumes

of Hippocampus, Amygdala, Corpus Callosum, and Thickness of Entorhinal Cortex
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of Alzheimer’s Type
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Objectives  In this study, the authors evaluated the correlation between levels of serum lipid, homocysteine, and folate with vol-
umes of hippocampus, amygdala, corpus callosum, and in patients with amnestic mild cognitive impairment (aMCI) or Alzheimer’s
disease (AD) type.

Methods  The study recruited patients who visited the dementia clinic of Haeundae Paik Hospital in Korea between March 2010 and
June 2014. Among those, patients who had taken the neurocognitive test, brain magnetic resonance imaing, tests for serum lipid, ho-
mocysteine, folate, and apolipoprotein E (APOE) genotyping and diagnosed with aMCI or AD were included for analysis. Bilateral
hippocampus, entorhinal cortex, amygdala and corpus callosum were selected for region of interest (ROI). The cross-sectional rela-
tionships between serum lipid, homocysteine, folate and ROI were assessed by partial correlation analysis and multiple linear regres-
sion analysis.

Results In patients with aMCI, old age (> 80) and APOE ¢4 carrier were associated with AD [odds ration (OR) : 12.80 ; 95% confi-
dence interval (CI) : 2.25—72.98 and OR : 4.48 ; 95% CI : 1.58—12.67, respectively]. In patients with aMCI or AD, volumes and thickness
of ROI were inversely correlated with levels of serum lipid and homocysteine. In multiple linear regression analyses, higher total choles-
terol level was related to lower left, right hippocampus volume and left amygdala volume ; higher low-density lipoprotein cholesterol
was related to lower right entorhinal cortex thickness ; higher homocysteine level was related to lower corpus callosum volume.
Conclusions  Higher serum lipid and homocysteine levels are associated with decreased volume of hippocampus, amygdala, cor-
pus callosum and entorhinal cortex thickness in patients with aMCI or AD. These findings suggest that serum lipid and homocysteine
levels are associated with AD as a modifiable risk factor.
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Table 1. The clinical characteristics of total subjects

n=288 Mean SD
Gender (male/female : 29/59)
Age 75.94 6.21
Educational age 6.79 5.46
MMSE-KC 20.75 5.77
CDR 0.76 0.47
Brain volume
Lt. hippocampus 3124.331 624.1616
Lt. amygdala 1135.517 242.3841
Rt. hippocampal 3229.283 644.9220
Rt. amygdala 1202.648 239.3728
Corpus callosum posterior 836.669 164.4564
Corpus callosum mid-posterior 294.806 61.3244
Corpus callosum central 328.892 57.1045
Corpus callosum mid-anterior 337.274 63.8474
Corpus callosum anterior 692.352 130.6819
Cortex thickness
Left entorhinal cortex 2.835 0.526
Right entorhinal cortex 3.002 0.523
Total cholesterol 191.860 38.991
Triglyceride 116.989 64.230
HDL cholesterol 49.989 13.005
LDL cholesterol 115.575 32.275
Homocysteine 9.939 4.022
Folic acid 8.551 4.587

MMSE-KC : Mini-Mental Status Examination in the Korean ver-
sion of the CERAD Assessment Packet, CDR : Clinical Dementia
Rating, Lt. : left, Rt. : right, HDL cholesterol : high-density lipo-
protein cholesterol, LDL cholesterol : low-density lipoprotein
cholesterol
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(aMCI = 106.706 + 5094, AD = 122.965 + 4.631, p = 0.023).
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Table 2. The clinical characteristics of aMCI, AD subjects

Modifiable Risk Factors for Alzheimer’s Disease I Lee SJ, et al

aMCl AD p-value

N (M/F) 40 (12/28) 48 (17/31) 0.590
Age (year) 73.93 + 5.07 77.63 + 6.62 0.005"

60—-70 9 5

70—-80 27 25

80—-90 18
APQOE 4 carrier 9 24 0.008
Educational age (yearn) 6.98 + 5.89 6.64 £ 513 0.773
MMSE-KC 23.78 + 4.29 18.23 + 5.66 0.000"
CDR 0.50 + 0.00 0.98 + 0.56 0.000"
Brain volume* (mm?®)

Lt. hippocampus 3244.111 = 90.606 3030.697 + 85.186 0.097

Lt. amygdala 1203.125 + 36.303 1082.375 + 34.131 0.020"

Rt. hippocampus 3339.882 + 96.536 3147.991 + 90.761 0.161

Rt. amygdala 1255.390 + 38.085 1156.109 + 35.807 0.067

CC. posterior 833.106 = 25.996 857.233 + 24.441 0.511

CC. mid-posterior 302.082 + 9.438 295.190 + 8.874 0.605

CC. central 330.141 + 8.897 334.423 + .8.365 0.733

CC. mid-anterior 337.334 + 9.742 343.599 + 9.159 0.648

CC. anterior 698.800 + 21.045 697.902 + 19.786 0.976
Cortex thickness* (mm)

Lt. entorhinal cortex 2.914 £ 0.074 2.764 + 0.070 0.154

Rt. entorhinal cortex 3.098 £ 0.077 2.925 + 0.072 0.114
Total cholesterol* (mg/dL) 183.403 + 6.232 198.914 + 5.665 0.075
Triglyceride* (mg/dL) 123.716 + 10.477 111.382 + 9.524 0.397
HDL cholesterol* (mg/dL) 48.654 + 2,126 51.101 £ 1.932 0.407
LDL cholesterol* (mg/dL) 106.706 + 5.094 122.965 + 4.631 0.023"
Homocysteine* (umol/L) 9.832 £ 0.649 10.028 + 0.590 0.828
Folic acid* (nmol/L) 9.618 £ 0.725 7.662 + 0.659 0.054

# © analysis of covariance (ANCOVA) age-adjusted, T: p < 0.05. aMCl :

amnestic mild cognitive impairment, AD : Alzheimer-type

dementia, MMSE-KC : Mini-Mental Status Examination in the Korean version of the CERAD Assessment Packet, CDR : Clinical De-

mentia Rating, L. : left, Rt. : right, CC. :
low-density lipoprotein cholesterol

Table 3. Logistic regression results for predicting Alzheimer’s de-
mentia

B SE Wald OR
Age
60—69 8.822
70-79 0.551 0.662  0.691 1.73 (0.47-6.35)
80< 2.258 0.830  7.405 9.56 (1.88—48.61)
APOE ¢4 carrier  1.410 0.511 7.621 4.10 (1.51-11.14)

OR : odds ratio, SE : standard error

5 A=A, S HERY Fujel 5o AuaAlE Bt
(r-value/p-value ; —0.239/0.026, —0.251/0.019, -0.246/
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£ 5oe #7359 935 dnte] Hojeh 95 Yo7t 939
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0.042, -0.231/0.031, -0.216/0.045). @5 A& & FolA

corpus callosum, HDL cholesterol :

high-density lipoprotein cholesterol, LDL cholesterol :
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Table 4. Partial correlations between ROI-volume, ROI-thickness
and selected variables

+

Variables Variables r p-value

Lt. hippocampal V. Total cholesterol -0.239 0.026

LDL cholesterol -0.219 0.042
Lt. amygdala V. Total cholesterol —0.251 0.019
Rt. hippocampal V. Total cholesterol —0.246 0.022

LDL cholesterol —-0.231 0.031
CC.ant. V. Homocysteine* —0.258 0.016
CC. mid-ant. V. Homocysteine* —0.257 0.016
CC. central V. Homocysteine* —0.339 0.001
CC. mid-post. V. Homocysteine* -0.328 0.002

Triglyceride* -0.230 0.032

Total cholesterol -0.241 0.024
CC. post V. Triglyceride* —0.241 0.024
Rt. entorhinal cortex T. LDL cholesterol -0.216 0.045

# | log-fransformed values were used for analyses, T : partial
correlation coefficient adjusted by age. ROI : region of interest,
Lt. hippocampal V. : left hippocampal volume, Lt. amygdala V. :
left amygdala volume, Rtf. hippocampal V. : right. hippocam-
pal volume, CC. ant. V. : corpus callosum anterior volume, CC.
mid-ant. V. : corpus callosum mid-anterior volume, CC. central
V. : corpus callosum central volume, CC. Mid-post. V. : corpus
callosum mid-posterior volume, CC. post V. : corpus callosum
posterior volume, Rt. entorhinal cortex T. : right entorhinal cortex
thickness, LDL cholesterol : low-density lipoprotein cholesterol
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Table 5. Associations of ROI-volume & ROI-cortical thickness with selected variables by multiple linear regression analyses

Independent variables B + SE B p-value Adjusted R-squre for model

Lt. hippocampal V. Age —48.874 £+ 9.472 —0.487 0.000 0.239
Total cholesterol —3.427 + 1.509 -0.214 0.026

Lt. amygdala V. Age —14.369 + 3.885 —0.368 0.000 0.151
Total cholesterol —1.480 = 0.619 —0.238 0.019

Rt. hippocampal V. Age —45.419 £ 10.037 —0.438 0.000 0.199
Total cholesterol —3.746 + 1.599 -0.226 0.022

Rt. amygdala V. Age —8.502 + 4.052 -0.221 0.039 0.038

CC.ant. V. Homocysteine* —86.497 + 34.673 —0.260 0.015 0.057

CC. mid-ant. V. Age —2.371 £ 1.050 —0.231 0.027 0.114
Homocysteine* —40.756 £ 16.626 —0.251 0.016

CC. central. V. Homocysteine* —51.528 + 14.673 -0.354 0.001 0.115

CC. mid-post. V Homocysteine* —54.247 + 15.801 -0.347 0.001 0.110

CC. post. V Homocysteine* —54.247 + 15.801 -0.347 0.001 0.110

Lt. entorhinal cortex T.  Age —0.040 + 0.008 —0.474 0.000 0.215

Rt. entorhinal cortex T.  Age —0.039 + 0.008 —0.467 0.000 0.214
LDL cholesterol —0.003 + 0.002 -0.195 0.045

# . log-transformed values were used for analysis. ROl : region of interest, Lt. hippocampal V. : left hippocampal volume, Lt.
amygdala V. : left amygdala volume, Rt. hippocampal V. : right. hippocampal volume, Rt. amygdala V. : right amygdala vol-
ume, CC. ant. V. : corpus callosum anterior volume, CC. mid-ant. V. : corpus callosum mid-anterior volume, CC. central V. : cor-
pus callosum central volume, CC. mid-post. V. : corpus callosum mid-posterior volume, CC. post V. : corpus callosum posterior
volume, Lt. entorhinal cortex T. : left entorhinal cortex thickness, Rt. entorhinal cortex T. : right entorhinal cortex thickness, LDL cho-

lesterol : low-density lipoprotein cholesterol
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