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Abstract.

Background: Although a growing body of evidence shows an important role of apolipoproteins in the pathogenesis of
Alzheimer’s disease (AD), the association of apolipoprotein C-1II (APOC-III) with cognitive decline is not clear.
Objective: To examine whether higher cerebrospinal fluid (CSF) and plasma APOC-III levels were associated with better
cognitive performance over time in the early stage of AD.

Methods: Baseline CSF and plasma APOC-III levels were analyzed in relation to cross-sectionally and longitudinally
cognitive performance over a 12-year period. Data were extracted from the Alzheimer’s Disease Neuroimaging Initiative
database, and 234 subjects (89 subjects with normal cognition (NC) and 145 subjects with mild cognitive impairment (MCI))
with CSF APOC-III measurements and 454 subjects (58 subjects with NC and 396 subjects with MCI) with plasma APOC-III
measurements were included.

Results: In the cross-sectional study, we did not find a significant relationship between CSF APOC-III and cognitive perfor-
mance in pooled individuals with MCI and NC. However, longitudinal analysis found that higher baseline CSF APOC-III
was significantly associated with slower cognitive decline over a 12-year period in individuals with MCI, but not the healthy
controls, after controlling for several covariates and Alzheimer biomarkers. Plasma APOC-III levels showed a mild corre-
lation with CSF APOC-III levels, but were not associated with longitudinal cognitive changes in the pooled sample or in
diagnosis-stratified analyses.

Conclusions: Higher CSF APOC-III levels are significantly associated with slower cognitive decline over a 12-year period
among individuals with MCIL.
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INTRODUCTION

IData used in preparation of this article were obtained from the

Alzheimer’s Disease Neuroimaging Initiative (ADNI) database
(http://adni.loni.usc.edu). As such, the investigators within the
ADNI contributed to the design and implementation of ADNI
and/or provided data but did not participate in analysis or
writing of this report. A complete listing of ADNI investiga-
tors can be found at: http://adni.loni.usc.edu/wp-content/uploads/
how_to_apply/ADNI_Acknowledgement_List.pdf

*Correspondence to: Jie Zhang, 25 Xuezheng Road, Xiasha
District, Hangzhou, Zhejiang, China. E-mail: jayzhangl014@
gmail.com.

Apolipoproteins are a group of proteins associ-
ated with lipid and cholesterol metabolism [1, 2], and
emerging findings have implicated apolipoproteins as
important players in neurogenerative processes [3—8].
In particular, apolipoprotein C-III (APOC-III) is a
component of triglyceride-rich lipoproteins involved
in lipids, glucose metabolism, and possibly cogni-
tion [9-11]. Some evidence suggested that APOC-III
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can bind circulating amyloid-3 (AB), and levels of
APOC-III in plasma were reduced in patients with
Alzheimer’s disease (AD) [10, 12]. Further, it has
been reported that higher plasma APOC-III levels
are associated with better cognitive performance in
cross-sectional analyses [10, 11]. However, no stud-
ies have reported longitudinal cognitive associations
with plasma or cerebrospinal fluid (CSF) levels of
APOC-III in subjects with mild cognitive impairment
(MCI) and normal cognition (NC).

Thus, we aimed to address this gap by evaluating
the association of plasma and CSF APOC-III with
cognitive decline in individuals with MCI and NC. In
the cross-sectional study, baseline plasma and CSF
AOPC-III levels were analyzed in relation to base-
line demographic variables, cognitive performance
and AD pathologies (CSF A4, t-tau, p-tau levels)
in individuals with MCI and NC. In the longitudi-
nal study, baseline plasma and CSF APOC-III levels
were used as predictors for change in cognition over
a 12-year period.

MATERIALS AND METHODS

Alzheimer’s Disease Neuroimaging Initiative
study

Data used in the preparation of this article were
downloaded on 13 June 2018 from the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) database
(http://adni.loni.usc.edu). The ADNI was launched in
2003 with the primary goal of identifying neuropsy-
chological, clinical, biochemical, and neuroimaging
markers of potential progression of MCI to early AD
dementia. Each ADNI site obtained local institutional
review board approval, and written informed consents
were obtained from all the subjects.

Participants

From the dataset, we selected participants between
55 and 90 years old who met the following criteria for
MCI and NC and had baseline APOC-III samples and
follow-up measurements of cognitive function. 234
subjects had CSF APOC-III measurements at base-
line (Table 1). 454 subjects had plasma APOC-IIT
measurements at baseline (Supplementary Table 1).

Subjects with NC had a Mini-Mental State Exam-
ination (MMSE) [13] score ranging between 24 and
30, and a Clinical Dementia Rating (CDR) [14]
score of 0. The criteria for MCI included an MMSE

between 24 and 30, a CDR of 0.5, objective memory
deficits based on delayed recall scores of the Wech-
sler Memory Scale Logical memory II, preserved
activities of daily living, and an absence of dementia.

CSF analysis

CSF AR4p, t-tau, and p-tau levels were deter-
mined using the multiplex XMAP Luminex platform
(Luminex Corp., Austin, TX, USA) and Innogenetics
INNO-BIA AlzBio3 (Innogenetics, Ghent, Belgium)
immunoassay reagents as described previously [15].

CSF APOC-III was measured as part of a CSF mul-
tiple proteomic processing stream using an XMAP
multiplex panel (MyriadRBM) [16], details of which
can be found at the ADNI website (http://adni.loni.
ucla.edu/). Test-retest validation was conducted in the
16 randomly selected CSF samples to ensure reliabil-
ity. Values are given in pg/ml. The data were natural
log transformed to better approximate a normal dis-
tribution.

Plasma APOC-III measurements

Plasma APOC-III was measured as part of a
plasma multiple proteomic processing stream using
an XMAP multiplex panel (MyriadRBM), details of
which have been described previously [17] and can
be found at the ADNI website (http://adni.loni.ucla.
edu/). Values are given in pwg/ml. Plasma APOC-III
levels were log-transformed for statistical analyses.

White matter hyperintensities (WMH)
measurements

WMH volumes were estimated from T1-, T2-,
and proton density (PD)- weighted MR images using
an automated technique, details of which has been
described previously [18, 19]. The data used in the
present study were obtained from the ADNI file
“UCD_ADNI1_WMH.CSV”.

Cognitive outcomes

Subjects underwent clinical and cognitive mea-
surements at each ADNI visit. In the present study,
the cognitive outcomes included the following: 1)
MMSE and 2) ADAS-Cog 11. The data used in
this analysis were extracted from the ADNI files
“MMSE.csv” and “ADAS_ADNI1.CSV”.
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Table 1
Demographic information of study sample
NC (n=89) MCI (n=145) p

Age,y 75.8 £5.46 749+7.21 0.30
Education, y 15.6+2.93 15.9+£2.96 0.39
Female, % 494 32.4 0.01
APOE4, % 24.7 53.1 <0.001
MMSE score 29.1+1.02 26.9+1.79 <0.001
ADAS-Cog 11 6.19+2.86 11.8+4.29 <0.001
CSF APOC-III, pg/ml, natural log -1.244+0.25 -1.234+0.21 0.91
RAVLT immediate recall 43 +8.64 29.8 +8.58 <0.0001
Total cholesterol, mg/dL 193 +38.1 198 +£38.5 0.3
Triglyceride, mg/dL 146 £97.8 151+ 113 0.7
CSF AB42, pg/ml 206 £57 161 £52 <0.001
CSF t-tau, pg/ml 69.9+27.3 105 +£52.6 <0.001
CSF p-tau, pg/ml 24.84+13.2 365+ 16 <0.001
White matter hyperintensities, cm? 0.78 £1.92 0.83 £2.66 0.87
Follow-up visits, n subjects

Baseline 89 145

ly 88 145

2y 85 128

3y 80 106

4y 56 53

Sy 48 43

6y 53 40

Ty 42 30

8y 33 23

9y 25 18

10y 22 7

Ily 20 5

12y 6 2

NC, normal controls; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination;
ADAS-Cog 11, Alzheimer’s disease assessment scale-cognitive 11-item; RAVLT, Rey auditory
verbal learning test; APOC-III, apolipoprotein C-III; AB42, amyloid 42; t-tau, total tau; p-tau,

phosphorylated tau.

Statistical analysis

First, 7-tests and chi-square tests were conducted to
assess differences in demographic and clinical vari-
ables between controls and MCI patients. Second,
Spearman correlations were performed to examine
the cross-sectional associations between APOC-III
and other variables in the pooled sample. Third, to
examine the associations of baseline CSF APOC-III
levels (dichotomized by —1.24 pg/ml, high APOC-III
group is defined as >—1.24 pg/ml while low APOC-
III group <—1.24 g/ml) and plasma APOC-III levels
(dichotomized by 2.13 pg/ml, high APOC-III group
is defined as>2.13 pg/ml while low APOC-III
group<2.13 pg/ml) with cognitive decline, linear
mixed models were fitted for each cognitive outcome
(MMSE and ADAS-Cog 11). To evaluate whether
cognitive status had a modification effect, these anal-
yses were performed within each diagnostic group
separately. All models included main effects of base-
line age, gender, education, APOE4 genotype, Rey
auditory verbal learning test (RAVLT) immediate

recall scores [20], ABa4p, t-tau, p-tau, cholesterol,
triglyceride, WMH, and their interactions with time,
as well as random effects consisting of arandom inter-
cept and arandom slope for each subject. All analyses
were performed with R software (version 3.3.3) [21].
The level of statistical significance was set at p <0.05.

RESULTS
Demographic information

A total of 234 participants were included in this
analysis (Table 1). There were no significant dif-
ferences in age or educational attainment between
controls and MCI patients. Compared with con-
trols, MCI patients were more likely to be APOE4
carriers, male and had lower MMSE scores, lower
RAVLT immediate recall scores, greater ADAS-Cog
11 scores, and higher levels of CSF t-tau, p-tau but
lower levels of AB4>. However, no significant differ-
ence was found in CSF APOC-III between the two
groups.
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Table 2
Correlation between CSF APOC-III and demographic and clinical
variables in the pooled sample

Variables rho P

Age 0.143 0.029
Education 0.055 0.403
MMSE 0.020 0.759
ADAS-Cog 11 0.018 0.785
RAVLT immediate recall -0.047 0.47
AB42 0.103 0.118
t-tau -0.025 0.705
p-tau 0.061 0.351
Total cholesterol 0.002 0.977
Triglyceride 0.044 0.500
WMH 0.11 0.095

MMSE, Mini-Mental State Examination; ADAS-Cog 11,
Alzheimer’s disease assessment scale-cognitive 11-item; RAVLT,
Rey auditory verbal learning test; AB42, amyloid 42; t-tau, total tau;
p-tau, phosphorylated tau; WMH, white matter hyperintensities.

As shown in Supplementary Table 1, a total of
454 subjects with plasma APOC-III samples were
included in the present study.

Association of APOC-III levels with demographic
and clinical variables in cross-sectional study

As shown in Table 2, CSF APOC-III was asso-
ciated with age in the pooled sample (rho=0.143,
p=0.029). However, no correlations between CSF
APOC-III and other variables were found (all
p>0.05). In addition, CSF APOC-III was not associ-
ated with gender or APOE4 genotype (all p>0.05).

As shown in Supplementary Table 2, plasma
APOC-III was positively associated with serum total
cholesterol and triglyceride levels in the pooled sam-
ple (all p<0.001). Compared with men, women had
higher levels of plasma APOC-III (2.19 +0.15 ver-
sus 2.11 £0.15, p<0.001). However, no correlations
between plasma APOC-III and other variables were
observed (all p>0.05).

Correlations between CSF and plasma APOC II1
levels in the MCI and NC groups

CSF and plasma APOC-III levels showed a mild
correlation (r=0.17, p=0.021) in the correlation
analysis that included 191 individuals (45 subjects
with NC and 146 subjects with MCI) who had the CSF
and plasma samples. In diagnosis-stratified analyses,
there was a significant association between CSF and
plasma APOC-III levels in the NC group (r=0.332,
p=0.026). However, in the MCI group, plasma

APOC-III was not associated with CSF APOC-III
(r=0.11, p=0.196; Fig. 1).

Association of APOC-III levels with conversion
from MCI to dementia

We examined whether CSF and plasma APOC-III
levels predicted conversion from MCI to dementia.
Cox proportional hazard models were conducted for
APOC-III as a dichotomous variable (CSF APOC-III
was dichotomized by —1.24 pg/ml; Plasma APOC-III
was dichotomized by 2.13 pg/ml) when controlling
for age and gender. CSF and plasma APOC-III were
not associated with conversion from MCI to dementia
(low CSF APOC-III: HR=1.4, p=0.11, Fig. 2; low
plasma APOC-III: HR =-0.26, p=0.07, Supplemen-
tary Figure 1).

Association of APOC-III levels with cognitive
decline over a 12-year period

Findings from the linear mixed models of cog-
nitive change over time by CSF APOC-III levels
(dichotomized by —1.24 wg/ml: low CSF APOC-III
was defined as CSF APOC-III levels <—1.24 pg/ml;
high CSF APOC-III was defined as CSF APOC-III
levels >—1.24 pg/ml) are demonstrated in Table 3 and
Fig. 3.

In the pooled sample, there were marginally sig-
nificant associations of CSF APOC-III with rates
of change of MMSE (Estimate =0.2124, p=0.0731)
and ADAS-Cog 11 (Estimate =-0.4372, p =0.0605)
during follow-up after accounting for age, sex, edu-
cation, APOE4 genotype, RAVLT immediate recall,
AB4, t-tau, p-tau, total cholesterol, triglyceride, and
WMH (Table 3 and Fig. 3A, D).

In diagnosis-stratified analyses, high CSF APOC-
III was associated with slower rates of decline
on the ADAS-Cog 11 in the MCI group (Esti-
mate=—-0.8831, p=0.0275, Table 3 and Fig. 3F),
but not the control group (Estimate=-0.1441,
p=0.2902, Table 3 and Fig. 3E). Further, there was
a marginally significant association of high CSF
APOC-III with slower rates of decline on the MMSE
in the MCI group (Estimate=0.3935, p=0.0562,
Table 3 and Fig. 3C), but not the control group (Esti-
mate =0.0849, p=0.1824, Table 3 and Fig. 3B).

However, as shown in Supplementary Table 3 and
Fig. 2, there was no association between plasma
APOC-III and cognitive decline in the pooled sample
or in diagnosis-stratified analyses (all p >0.05).
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Fig. 1. Correlations between CSF and plasma APOC III levels in the MCI and NC groups.

DISCUSSION

In the present study, cross-sectional analysis did
not find a significant relationship between CSF
APOC-III and cognitive performance in pooled indi-
viduals with NC and MCI. However, longitudinal
analysis showed that higher baseline CSF APOC-
IIT was significantly associated with slower cognitive
decline over a 12-year period in individuals with
MCI, but not the healthy controls, after controlling
for several covariates and Alzheimer biomarkers.

Regarding the biology of APOC-III, it is primarily
synthesized in the liver and intestine [22]. APOC-III
is found on VLDL, LDL, HDL, and chylomicrons
[22]. It has been reported that APOC-III is involved
in lipids and glucose metabolism [9, 23]. In AD
patients and cognitively normal individuals with AD
family history, a significant reduction in APOC-III
levels was observed in the blood [10]. Despite some
evidence that APOC-III levels in the blood are cross-
sectionally associated with cognitive performance
[10, 11], our understanding of the relationship of
plasma and CSF APOC-III levels and cognitive
decline over time is limited. In the present study, our

data showed that higher levels of APOC-III in CSF,
but not plasma, were associated with slower cogni-
tive decline in subjects with MCI. This protective
effect of APOC-III on cognitive performance may be
due to the fact that APOC-III, an AB-binding protein,
could increase AP efflux and indirectly decrease
the deposition of AB in brain [10]. However, the
lack of association between plasma APOC-III levels
and cognitive decline may be due to the presence
of the blood-brain barrier, the more complicated
origin and metabolism of plasma biomarkers.
Interestingly, we found that plasma APOC-III levels
were associated with CSF APOC-III levels in the
NC group, but not the MCI group (Fig. 1). Based
on our results, the lack of correlation between the
levels of APOC-III in each of these compartments
in the MCI group suggested that the disruption of
plasma and CSF APOC-III equilibrium in the early
stages of AD may contribute to the reduction of A
efflux. However, further basic and clinical studies
are needed to support this notion. In addition, a
previous genetic study suggested that the APOC-III
3017G allele may be associated with reduced risk of
AD among APOE4 noncarriers in a Chinese cohort
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Fig. 2. Conversion from MCI to dementia for CSF APOC-III.

[24]. However, the precise mechanisms underlying
the relationship between APOC-III and cognitive
performance warrant further investigation.

However, in our study, associations of high CSF
APOC-III and better cognitive performance were
observed only in the longitudinal analysis, not the
cross-sectional analysis. These findings may have
several possible explanations. One possibility is that
the severity of cognitive deficits of our participants
may be relatively subtle at baseline. In other words,
the neuropsychological assessments utilized in our
study may be too insensitive to find a relationship
between APOC-III and global cognitive function in
a cross-sectional analysis. Another possibility is that
the comparable levels of APOC-III between the NC
and the MCI groups may also limit the power to
detect the link between APOC-III and cognitive per-
formance in a cross-sectional analysis.

In the present study, the association of CSF APOC-
IIT with cognitive function in individuals with MCI

remained statistically significant when CSF A34; and
tau proteins were controlled in the longitudinal anal-
ysis, indicating that CSF APOC-III is an independent
predictor of cognitive decline, and that the cognitive
changes associated with CSF APOC-III levels may
go beyond the effects of A amyloid plaques and tau
neurofibrillary tangles. Although A and tau have
been two major therapeutic targets for AD [25], addi-
tional mechanisms may also take part in AD patho-
genesis. Based on our findings, CSF APOC-III may
have a beneficial effect on the cognition in individu-
als with MCI. However, the mechanisms underlying
this potentially protective effect of APOC-III on cog-
nition warrants further investigation.

Finally, in this study, we revealed that CSF APOC-
III is associated with MMSE and ADAS-Cog 11
scores over time only in MCI patients. It is suggested
that increased levels of APOC-III in CSF are partic-
ularly related to slower cognitive decline in the early
stage of AD. However, in the NC group, no signif-
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Table 3
Summary of linear mixed models
MMSE ADAS-cog 11
Estimate SE P Estimate SE P
Predictors (NC and MCI)
High CSF APOC-III x time 0.2124 0.1185 0.0731 -0.4372 0.2329 0.0605
AGE x time 0.0188 0.0094 0.0443 -0.0437 0.0183 0.0172
Female sex x time -0.3737 0.1353 0.0058 1.0845 0.2656 <0.0001
Education x time -0.0412 0.0202 0.0412 0.0853 0.0396 0.0313
APOE4 x time -0.2362 0.1459 0.1055 0.5103 0.2864 0.0747
RAVLT immediate recall x time 0.0390 0.0061 <0.0001 -0.0710 0.0120 <0.0001
AB4y x time 0.0034 0.0013 0.0092 -0.0056 0.0026 0.0302
t-tau X time 0.0007 0.0021 0.7432 -0.0024 0.0041 0.5540
p-tau x time -0.0154 0.0066 0.0199 0.0339 0.0130 0.0090
Triglyceride x time -0.0006 0.0005 0.2249 0.0012 0.0010 0.2360
Cholesterol x time -0.0024 0.0016 0.1367 0.0026 0.0032 0.4058
WMH x time -0.0029 0.0214 0.8929 -0.0144 0.0422 0.7336
Predictors (NC)
High CSF APOC-III x time 0.0849 0.0637 0.1824 -0.1441 0.1362 0.2902
AGE x time -0.0060 0.0069 0.3814 -0.0168 0.0148 0.2545
Female sex x time 0.0112 0.0817 0.8912 0.2677 0.1748 0.1256
Education x time -0.0038 0.0122 0.7557 0.0162 0.0262 0.5351
APOE4 x time 0.0911 0.0994 0.3595 -0.0556 0.2129 0.7939
RAVLT immediate recall x time 0.0014 0.0041 0.7376 -0.0098 0.0089 0.2679
AB42 x time 0.0034 0.0007 <0.0001 -0.0060 0.0016 0.0002
t-tau X time -0.0023 0.0016 0.1416 0.0030 0.0034 0.3794
p-tau X time -0.0007 0.0044 0.8796 0.0166 0.0095 0.0801
Triglyceride x time 0.0000 0.0004 0.9046 0.0005 0.0008 0.5670
Cholesterol x time 0.0014 0.0009 0.1446 -0.0036 0.0020 0.0723
WMH x time 0.0110 0.0158 0.4863 -0.0072 0.0337 0.8319
Predictors (MCI)
High CSF APOC-III x time 0.3935 0.2061 0.0562 -0.8831 0.4006 0.0275
AGE x time 0.0106 0.0148 0.4757 -0.0205 0.0287 0.4734
Female sex x time -0.5448 0.2331 0.0194 1.5897 0.4517 0.0004
Education x time -0.0385 0.0341 0.2596 0.0409 0.0664 0.5385
APOE4 x time -0.2627 0.2348 0.2633 0.4694 0.4555 0.3028
RAVLT immediate recall x time 0.0494 0.0121 <0.0001 -0.0782 0.0236 0.0009
AB42 X time 0.0022 0.0024 0.3520 -0.0052 0.0046 0.2637
t-tau X time 0.0049 0.0032 0.1205 —-0.0085 0.0062 0.1700
p-tau x time -0.0306 0.0112 0.0064 0.0489 0.0218 0.0250
Triglyceride x time -0.0007 0.0008 0.3791 0.0003 0.0016 0.8358
Cholesterol x time -0.0062 0.0028 0.0273 0.0088 0.0054 0.1054
WMH x time -0.0064 0.0325 0.8444 -0.0258 0.0644 0.6891

NC, normal controls; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; ADAS-Cog 11,
Alzheimer’s disease assessment scale-cognitive 11-item; RAVLT, Rey auditory verbal learning test; APOC-III, apolipopro-
tein C-1II; AB42, amyloid 42; t-tau, total tau; p-tau, phosphorylated tau; WMH, white matter hyperintensities. Main effects
of independent parameters are included in each linear mixed model (estimates not shown). Estimates are unstandardized
values, indicating the amount of change in each cognitive outcome per year.

icant relationships between APOC-III and cognitive
decline were observed. Thus, APOC-III may serve
as a potentially useful target for cognitive decline,
especially in the early stage of AD.

Several limitations should be noted. First, the con-
venience samples recruited in the present study may
limit the ability to generalize our findings to other
populations. Thus, our data should be interpreted
with caution due to sample selection bias. Second,
we investigated the association of APOC-III only

with global cognition (MMSE and ADAS-Cog 11). It
would be intriguing to explore a more comprehensive
neuropsychological domains, including memory and
executive function.

In conclusion, we found that increased CSF
APOC-III levels were associated with slower cog-
nitive decline in individuals with MCI. Further basic
and clinical studies are needed to clarify the mecha-
nisms underlying the relationship between APOC-III
and cognition.
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impairment; MMSE, Mini-Mental State Examination; ADAS-Cog 11, Alzheimer’s disease assessment scale-cognitive 11-item.
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