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Abstract.
Background: Many studies on biochemical and psychological variables have aimed to elucidate the association between
aging and cognitive function. Demographic differences and protein expression have been reported to play a role in determining
the cognitive capability of a population.
Objective: This study aimed to determine the effect of age on the protein profile of Malay individuals and its association
with cognitive competency.
Methods: A total of 160 individuals were recruited and grouped accordingly. Cognitive competency of each subject was
assessed with several neuropsychological tests. Plasma samples were collected and analyzed with Q Exactive HF Orbi-
trap. Proteins were identified and quantitated with MaxQuant and further analyzed with Perseus to determine differentially
expressed proteins. PANTHER, Reactome, and STRING were applied for bioinformatics output.
Results: Our data showed that the Malay individuals are vulnerable to the deterioration of cognitive function with aging,
and most of the proteins were differentially expressed in concordance. Several physiological components and pathways were
shown to be involved, giving a hint of a promising interpretation on the induction of aging toward the state of the Malays’
cognitive function. Nevertheless, some proteins have shown a considerable interaction with the generated protein network,
which provides a direction of focus for further investigation.

∗Correspondence to: Hanafi Ahmad Damanhuri, Department
of Biochemistry, Level 17, Preclinical Building, Universiti
Kebangsaan Malaysia Medical Center Jalan Yaacob Latif, Bandar

Tun Razak 56000 Cheras, Kuala Lumpur, Malaysia. Tel.: +60 3 91
459 551; E-mail: hanafi.damanhuri@ppukm.ukm.edu.my.

ISSN 1387-2877/19/$35.00 © 2019 – IOS Press and the authors. All rights reserved
This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0).

mailto:hanafi.damanhuri@ppukm.ukm.edu.my


S44 Z.H.A. Bakar et al. / Effect of Age on Protein Profile and its Association with Cognitive Function

Conclusion: This study demonstrated notable changes in the expression of several proteins as age increased. These changes
provide a promising platform for understanding the biochemical factors affecting cognitive function in the Malay population.
The exhibited network of protein-protein interaction suggests the possibility of implementing regulatory intervention in
ameliorating Malay cognitive function.
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INTRODUCTION

Individual aging has long been associated with a
decline in cognitive function. A gradual increase in
the number of older individuals has been observed in
developing or developed countries [1]. The shift in the
demographic distribution toward older age has led to
an increased incidence of cognitive deterioration [2].
Consequently, there is an increased risk for dementia,
and it is predicted that approximately 131.5 million
individuals will experience this pathological condi-
tion by the year 2050 [3]. It has been reported that the
prevalence of dementia has increased exponentially
with age [3, 4]. The disease involves deteriora-
tion of cognitive capabilities that generally affect
an individual’s quality of life and everyday activi-
ties [5, 6]. The inability to manage personal routines
affects not only the individual but also others around
them due to the changes in their emotional state,
daily activities, well-being, and general quality of
life [7, 8].

The presence of communities that have aged suc-
cessfully (generally termed as ‘successful aging’)
demonstrates that there is a potential alternative for
reducing the consequences of aging on cognitive
function. Successful aging includes a vast spectrum
of individual physiological capacity (for a review, see
Song et al. [9]). In the context of cognition, suc-
cessful aging refers to the coherence of cognitive
functionality without age as a significant contribu-
tor to pathological outcomes (for a review, see Rowe
and Kahn [10] and Fiocco and Yaffe [11]). This
perspective is essential considering the demographic
distributions of many populations are trending toward
the development of “aging” countries [12]. An older
population that possesses unimpaired cognitive capa-
bility is of obvious benefit not only for the social
growth of a population [13] but also for stimulat-
ing the economic growth of a nation [14]. Given the
favorable prospects rooting from successful aging,
fundamental knowledge in understanding aging itself
is vital to establish a country’s developmental
framework.

For decades, aging-related studies have been con-
ducted to elucidate the mechanisms involved in the
development of aging symptoms, primarily concern-
ing the deterioration of cognitive function [2, 15].
Changes in protein expression are among the factors
studied that might contribute to the effects of aging
on cognitive function [16, 17]. However, population
differences may exist, and studies on the effect of
age on cognitive function in the Malay population are
still very limited. The present study aimed to identify
the correlation of cognitive function with differential
protein expression in Malays with advanced age. The
findings of this study will not only provide baseline
data for protein expression but also identify pathways
to explain mechanisms that can be used as a basis for
clinical interventions.

MATERIALS AND METHODS

Subject recruitment

This cross-sectional study was a part of the
Towards Useful Aging (TUA) study funded by the
Long-term Research Grant Scheme (LRGS) and was
approved by the UKM Ethics Committee. Written
informed consent was obtained before recruitment of
subjects. A total of 1,526 were screened, and 160
healthy subjects from Klang Valley aged 30 years
and above were recruited to participate in the study.
The Montreal Cognitive Assessment (MoCA) Malay
version e-MyMICA (Malaysian Electronic Multiple
Intelligence Checklist for Adults) Version 2 (2008
test) [18] was conducted to assess the subjects’ cog-
nitive impairment. A total of 146 participants were
included after passing our inclusion and exclusion
criteria. Inclusion criteria were the lack of any known
physical or mental illness, Malay race, and no more
than 15 years of schooling. Exclusion criteria were
having a smoking habit, being on medication or sup-
plements, having more than 15 years of schooling,
being diagnosed with a psychiatric disorder or an
untreatable chronic disease such as cancer, diabetes,
kidney failure, or coronary heart disease, and having
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a history of neurological disease affecting cogni-
tive function. Participants’ medical records were not
accessed, and their healthiness was based on self-
reported screening responses and the MoCA test.
Subjects were divided into groups based on age range;
group 30 = 30–39 years old, group 40 = 40–49 years
old, group 50 = 50–59 years old, and group 60 and
above ≥60 years old. Blood was collected and ana-
lyzed accordingly.

Neuropsychological testing

Montreal Cognitive Assessment (MoCA)
The test was categorized into several dis-

tinct domains: visuospatial/executive, identification,
memory, focus, language, abstract thinking, delayed
memory, and orientation. The visuospatial/executive
domain contained elements related to strategy and
the ability to interpret specific objects. In the iden-
tification domain, questions were intended to assess
the ability to name objects. For the memory domain,
a list of words was presented, and subjects were
asked to recall each word. Subjects were required
to repeat the same list of words in the delayed
memory domain. In the focus domain, there were
two sequences of numbers presented, an ordered
sequence and a reverse-order sequence, and subjects
were asked to recall each number mentioned. Further-
more, subjects were presented with a list of words,
and a specific word was designated to have a par-
ticular meaning. Subjects were required to respond if
they came across the word. The ability to consistently
focus was also being assessed with several questions.
In the language domain, the ability to repeat the pre-
sented sentences and the ability to name an object
based on the first letter within a time limit were
assessed. For the abstract thinking domain, the abil-
ity to find similarities between designated objects was
evaluated. For the orientation domain, subjects were
asked about the current situation such as the time and
date. In addition, the MoCA was also applied as a
tool to assess cognitive impairment to ensure that the
subjects were cognitively competent.

Rey Auditory Verbal Learning Test (RAVLT)
A 15 noun-word list was read to the subjects with

a gap of one second between words. Subjects were
requested to recall as many words as possible after
the lists had been presented; the order of lists was
not taken into account. Each correctly repeated word
was summed into a total score for each trial. The
procedure was repeated five times (Trials I-V). After

list A was presented, an interference list (list B) was
introduced consisting of 15 other noun-words, and
subjects were asked to recall as many words as pos-
sible. After a 20–min delay period, each subject was
again required to recall the words in list A (Trial VI).
The total score for Trial VI was recorded for each
word repeated correctly.

Forward Digit Span (FDS)
Subjects listened to a string of digits and repeated

them in forward order verbally. The first sequence
consisted of three digits. An additional digit was
added until a maximum span of nine digits was
achieved if subjects were able to express each digit
correctly. The subjects had two trials for each span. If
subjects repeated wrong digits in two of the trials, the
test was halted. Scoring was based on the maximum
digits repeated without error in one of the two trials.

Backward Digit Span (BDS)
Execution of this test was similar to the FDS. Sub-

jects repeated the span in reverse order with the last
digit in the span repeated first. The first span included
two digits, and the last one was eight digits. The test
was stopped if an error was made in two consecu-
tive trials. Like the FDS, each subject’s score was the
maximum digits repeated without error in one of the
two trials.

Digit Symbol
Subjects were required to redraw symbols that

were matched with a particular number within
120 min. A list of numbers was shown in parallel to
the assigned symbols for reference during the task.
Subjects were allowed to practice drawing the sym-
bols before beginning the actual test. Scoring was
based on the total number of symbols drawn regard-
less of sequence.

Visual Reproduction (VR)
There were two parts of this task, VRI and VRII.

In VRI, four different cards were presented to the
subjects. Each card was shown within five seconds,
and subjects were asked to redraw the shape on each
card. In VRII, subjects were given a glimpse of the
drawn shapes and required to memorize them. The
subjects were then asked to redraw the shapes without
the presence of any visual stimuli.
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Sample preparation

The collected plasma samples were pooled into
several different tubes based on the designated age
groups. Each tube contained 20 plasma samples
pooled from different individuals to further enhance
peptide signals in the LC-MS/MS run as performed
in previous research [9–19]. Combining the samples
increased the likelihood of detecting low abundant
proteins [20], thus allowing for a better interpreta-
tion of the overall output. Population variance was
largely unaffected by pooling the samples. Diz et al.
[21] showed that variance between individual sam-
ples and pooled samples did not differ much, as the
reduction of variance in the pooled sample was due to
an averaging effect. Hence, sample pooling does not
necessarily hinder the interpretation of a population,
in this case at the protein level. Moreover, two repli-
cates of each pooled sample were made in order to
avoid statistical overestimation. Each tube was then
subjected to albumin and immunoglobulin gamma
(IgG) depletion. Elimination of these proteins was
carried out according to the procedure provided in the
manual booklet (Albumin IgG Depletion Spintrap™,
GE Healthcare, USA). In-gel separation was applied
to the acquired depleted samples. The gel was stained
with SimplyBlue™ SafeStain (Thermo Fischer Sci-
entific, Germany) and washed thoroughly to remove
excess stain. The gel was then kept in distilled water
and shaken constantly overnight.

In-gel tryptic digestion

The gel was excised in 1 cm strips. The gel plugs
were transferred into 100 uL of 50% ACN (Thermo
Fischer Scientific, Germany) in 50 mM ammonium
bicarbonate (Sigma-Aldrich, USA) and shaken thor-
oughly for 15 min. The solution was removed, and
the process was repeated until no visible stain was
observed. A total of 300 �L of 10 mM DTT (Sigma-
Aldrich, USA) in 100 mM ammonium bicarbonate
(Sigma-Aldrich, USA) was pipetted into the tube
containing the gel plugs and incubated at 60◦C for
30 min. The mixture was left at room temperature,
and the solution was discarded from the tube. A total
of 300 �L of 55 mM iodoacetamide (Wako, Japan)
in 100 mM ammonium bicarbonate (Sigma-Aldrich,
USA) was added to the gel plugs and incubated in
the dark for about 20 min. The solution was then
removed, and the gel plugs were washed three times
with 500 �L 50% ACN (Thermo Fischer Scientific,
Germany) in 100 mM of ammonium bicarbonate

(Sigma-Aldrich, USA). The washing process was
performed with vigorous shaking for 20 min each
turn, and the washing solution was removed in each
repetition. The gels were subsequently incubated
in 100 �L 100% ACN (Sigma-Aldrich, USA) for
15 min, and the solution was kept inside the tube.
The mixture (gel plugs with added solution) was cen-
trifuged in a speed vacuum for 15 min or until no
solution was visible inside the tube. The gel plugs
were then incubated with 50 �L 6 ng/�L trypsin
(Promega, USA) in 50 mM ammonium bicarbonate
at 37◦C and was kept overnight. Later, 100 �L 100%
ACN (Sigma-Aldrich, USA) was added to the tubes
and shaken for 15 min. The solution was subsequently
transferred into a new tube. The collected solution
was centrifuged for 2.5 h or until no excess solution
was visible. Then 15 �L 0.1% formic acid (Thermo
Fischer Scientific, Germany) was pipetted, and the
samples were prepared for further analysis.

Liquid chromatography and MS/MS analysis

The crude sample underwent chromatographic
separation in the UltiMate™ 3000 RSLCnano
System (Thermo Scientific, Germany). Following
separation, determination of the peptide spectrum
was carried out using the Thermo Scientific Q
Exactive HF Orbitrap mass spectrometer (Thermo
Scientific, Germany). Before injection into the mass
spectrometer, samples were ionized by separation
column-coupled electrospray ionization (ESI) and set
at a temperature of 50◦C and 250◦C, respectively.
The spray voltage was fixed at 2 kV with the spray
current at 2 �A. Gradient elution was used for trans-
porting the solution into the mass spectrometer with
a mobile phase consisting of 0.1% formic acid in
distilled water (panel A) and 0.1% formic acid with
0.1% TFA (Thermo Fischer Scientific, Germany) in
ACN (panel B). Two pumps with distinct rates of flow
were adjusted for mobile phase transportation. Gra-
dient elution was set as follows: 1) 5–60% panel B
within 108 min, 2) 5 min flow to 95% panel B, 3) 95%
of panel B flow within 10 min, and 4) the flow was
changed back to 2% panel B within 2 min. Flow rate
was fixed at 30 �L/min within the total sample run.
Samples were injected at a specific flow rate as fol-
lows: 1) 30 �L/min of the flow at the beginning of the
first 3 min, 2) 5 �L/min of the flow at the 4th min until
the 123rd min, and 3) 30 �L/min of the flow in the
next 125 min. Injection was done automatically with
a microliter pick-up, and 5 �L of flush volume was set
to carry the samples into the spectrometer. The total
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volume (automatically injected) was 11 �L with 6 �L
from the samples. For mass spectrometer settings,
data-dependent analysis (DDA) was used as a method
for spectrum identification. Several approaches were
applied for DDA settings: general setting, full scan of
the mass spectrometry, data-dependent setting, and
MS/MS data-dependent induction. For the general
setting, a molecule with positive charge was used
for peptide sequence identification. +2 charges were
set as the default for m/z value (if the charge of
the spectrum was unable to be specified). In the full
scan setting, the range of scan encompassed 350 to
1,800 m/z for the detected spectra while the resolu-
tion of determination was 120,000. Automated gain
control was set at 3e6, and maximum duration for
the ion collection in each full scan was 100 ms. For
the data-dependent induction setting, the time range
to introduce data-dependent execution was set at 2
to 15 s for each scan. Automatic gain control was set
to a minimum rate of 5e3 to induce the related activity,
and the intensity threshold was set to at 7.7e4.

Protein identification, quantification, annotation,
and interaction analysis

The software used for spectra analysis was
MaxQuant version 1.5.3.30, which uses a target-
decoy search strategy [22] for peptide sequence
matching. The database for spectra identification was
from the Homo sapiens sequence (taxonomic ID:
9606, UniProtKB) and a similar database for the sub-
jected inverse sequence. Specific modes of digestion
(in silico) were imposed, and trypsin was subjected
to the digestive element. Missed cleavage for incom-
plete/unspecific digestion of the enzyme was set at
two sites for protein sequence purposes. Methion-
ine oxidation was subjected to constant modification
of the amino acid, and only five modification sites
were set as thresholds for each identified peptide.
Alkylation of the thiol group was subjected to con-
stant modification. In order to reduce insignificant
identified peptides as protein structures, the length
of the peptide was set to a minimum of seven pep-
tides, and maximum weight was prescribed as 4,600.
Proteins were then quantified using the label-free
quantification (LFQ) approach. Raw data acquired
from MaxQuant were analyzed to determine protein
expression. The Homo sapiens sequence (taxonomic
ID: 9606, UniProtKB) was used for protein deter-
mination purposes. ANOVA and Fisher’s exact test
were conducted to determine differences in protein
expression and its grouping, respectively. Different

platforms were used for ontology and pathway anal-
ysis. PANTHER (version 12) [23] was used for
ontology interpretation while Reactome (version 64)
[24] was applied for analysis. For protein-protein
interaction analysis, Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING version 10.5)
[25] was used.

Statistical analysis

Data were analyzed using IBM SPSS v16 (IBM
Inc, USA). Normally distributed data were pre-
sented as Mean ± SEM (standard error of the mean)
while non-normally distributed data were presented
as Median ± IQR (interquartile range). One-way
ANOVA and Kruskal-Wallis H test were conducted to
identify differences among effects of the age groups
on dependent variables. Post-hoc analysis and Mann-
Whitney U test were further implemented to obtain
within-groups differences after respective compar-
ison tests between age groups were done. Mixed
factorial repeated-measure ANOVA was used for the
RAVLT test data analysis to obtain a trial-to-trial
progression and further analyzed with pairwise com-
parisons to identify age group differences. Statistical
significance was set to alpha <0.05, and corrections
were conducted on the p-value based on particular
statistical considerations.

RESULTS

Demographic status and blood profile of malay
individuals

Significant differences in education were shown
between Group 50 and Group 30 and between
Group ≥ 60 and Group 30 (p < 0.05; see Table 1).
Several measures of peripheral blood status were sig-
nificantly different across age groups (see Table 2).
Red blood cell (RBC) levels in Group 40, Group 50,
and Group ≥ 60 were significantly lower compared to
Group 30 (p < 0.05). For MCV and MCH, Group 30
showed a significantly lower volume compared to the
other age groups. Several measures of kidney func-
tion were significantly different across age groups.
Group ≥ 60 showed a significantly higher concentra-
tions of sodium, potassium, and urea compared to
other age groups (p < 0.05) in addition to increased
eGFR. In the liver function test, decreased albumin
levels were observed in Group 50 and Group ≥ 60
compared to other age groups (p < 0.05). ALP levels,
however, were increased in Group ≥ 60 compared to
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Table 1
Demographic profile of the Malaysian population

Variable Group 30 Group 40 Group 50 Group ≥ 60
N = 40 N = 40 N = 40 N = 40

Sex
Male 21 17 25 20
Female 19 23 15 20
Year of Education 13.20 (0.22) 12.42 (0.34) 11.20 (0.33)a 10.80 (0.30)a

asignificant different (p < 0.05) compared to Group 30.

Table 2
Blood profile of the Malay population

Analyte Group 30 (N = 40) Group 40 (N = 40) Group 50 (N = 40) Group ≥ 60 (N = 40)

Hemoglobin (g/L) 133.93 (2.85) 135.00 (2.02) 128.20 (2.37) 126.38 (2.53)
RBC (1012/L) 5.08 (0.09) 4.84 (0.07)a 4.69 (0.09)a 4.57 (0.10)a

HCT (L/L) 0.42 (0.01) 0.42 (0.01) 0.40 (0.01) 0.42 (0.01)
MCV (fL) 84.46 (5.63) 86.45 (5.89)a 85.88 (7.42)a 88.98 (10.01)a

MCH ([pg]) 26.37 (0.32) 27.96 (0.28)a 27.43 (0.38) 27.76 (0.29)a

MCHC (g/L) 315.93 (15.44) 324.38 (14.63) 323.17 (19.92) 306.75 (25.04)
RDW-CV ([%]) 12.98 (0.18) 12.88 (0.22) 13.12 (0.23) 13.03 (0.18)
WBC (1010/L) 6.85 (2.23) 7.55 (2.90) 6.90 (2.70) 6.45 (1.50)
Neutrophil (1010/L) 54.00 (9.25) 56.00 (14.00) 51.00 (16.25) 45.00 (21.75)
Lymphocyte (1010/L) 34.88 (0.98) 33.88 (1.39) 35.50 (1.27) 30.68 (1.64)
Monocyte (1010/L) 6.90 (0.27) 6.33 (0.25) 6.33 (0.35) 6.30 (0.48)
Eosinophil (1010/L) 2.65 (0.26) 2.95 (0.24) 2.98 (0.26) 2.75 (0.25)
Basophil (1010/L) 1.48 (0.13) 1.20 (0.07) 1.33 (0.08) 1.58 (0.18)
Platelet (1010/L) 296.00 (89.75) 278.50 (94.00) 268.50 (79.75) 276.00 (74.25)
Kidney Function
Sodium 141.00 (2.00) 141.00 (3.00) 142.00 (3.00) 143.00 (3.75)a,b,c

Potassium 4.02 (0.07) 3.89 (0.07) 4.03 (0.06) 4.30 (0.10)a,b

Chloride 102.00 (4.00) 102.00 (3.75) 102.00 (3.00) 102.00 (3.00)
Urea 3.50 (0.87) 3.15 (1.30) 3.85 (1.43)b 4.30 (1.35)a,b

Uric acid 316.50 (121.50) 271.50 (136.50) 286.50 (98.50) 308.00 (114.75)
Creatine 70.90 (2.59) 66.03 (2.51) 69.84 (3.63) 69.30 (2.83)
eGFR 95.70 (2.88) 97.43 (3.07) 76.50 (3.53)a,b 82.78 (3.05)a,b

Mineral and bone status
Calcium 2.37 (0.01) 2.36 (0.01) 2.36 (0.03) 2.35 (0.01)
Phosphate 1.13 (0.04) 1.12 (0.04) 1.14 (0.03) 1.18 (0.02)
Liver function
Albumin 46.90 (0.44) 46.63 (0.44) 44.38 (0.70)a,b 44.55 (0.41)a,b

Globulin 30.50 (6.00) 31.00 (5.00) 32.00 (4.75) 33.00 (13.00)
Bilirubin 8.98 (0.74) 11.15 (0.82) 10.80 (0.78) 10.48 (0.77)
ALP 73.65 (2.64) 65.85 (3.00) 65.33 (3.12) 77.45 (2.85)b,c

GGT 21.00 (19.50) 18.50 (20.75) 16.00 (22.75) 24.00 (19.00)
AST 20.98 (1.00) 21.53 (1.31) 18.72 (1.10) 23.10 (1.19)
ALT 18.00 (24.25) 16.00 (15.75) 14.00 (8.75) 17.00 (11.50)
Lipid status
Triglyceride 0.97 (1.13) 1.17 (0.89) 1.17 (0.70) 1.14 (1.29)
HDL cholesterol 1.49 (0.29) 1.45 (0.56) 1.43 (0.43) 1.38 (0.41)
LDL cholesterol 3.17 (0.12) 2.94 (0.10)a 3.53 (0.14)a 3.58 (0.15)a

Glucose level 4.50 (0.85) 4.55 (0.70) 4.60 (0.60) 4.80 (0.78)

Value for hemoglobin, RBC, HCT, MCH, RDW-CV, lymphocyte, monocyte and basophil, potassium, chloride eGFR, calcium, phosphate,
albumin, bilirubin, alkaline phosphatase (ALP), aspartate transferase (AST) and LDL cholesterol were depicted as min (SEM) while MCV,
MCHC, WBC, neutrophil, platelet, sodium, chloride, urea, uric acid, globulin, gamma-glutamyl transferase (GGT), alanine transaminase
(ALT) were shown as median (IQR). asignificant different (p < 0.05) compared to Group 30. bsignificant different (p < 0.05) compared to
Group 40. csignificant different (p < 0.05) compared to Group 50.
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other age groups (p < 0.05). Group 50 and Group ≥ 60
also showed a significantly higher LDL cholesterol
level compared to Group 30 (p < 0.05).

Advanced age correlates with cognitive decline

Although the MoCA test was initially performed to
eliminate mild cognitive impairment (MCI) subjects
from the study, its outcome was included as an indi-
cator for subjects’ competency in global cognition.
Group 50 and Group ≥ 60 had significantly lower
MoCA scores compared to Group 30 and Group 40
(p < 0.05; see Table 3). In the RAVLT test, there are
two interpretations involving learning capability and
short-term memory capacity. The ability to learn was
significantly improved in all age groups from trial to
trial (Table 4), but Group 50 and Group ≥ 60 showed
a significantly lower learning capacity compared to
Group 30 and Group 40 (p < 0.05; see Table 3). As
for short-term memory, Group 50 and Group ≥ 60
possessed a significantly lower ability to retain infor-
mation over short timespans compared to Group 30
and Group 40 (p < 0.05; see Table 3). Additionally,
information organization was evaluated with the digit
span test. There was no significant difference in
FDS across age groups while Group ≥ 60 showed
a significantly lower BDS compared to Group 30
(p < 0.05). Processing speed differences across the
groups were assessed with the digit symbol test, and
we found slower processing in Group 40, Group 50,
and Group ≥ 60 compared to Group 30 (p < 0.05).
The processing speed of Group ≥ 60 was also sig-
nificantly slower compared to Group 40 and Group
50 (p < 0.05). Immediate and delayed visual memory
were determined in parallel (VRI and VRII). Results
showed that both VRI and VRII were lower in Group
50 and Group ≥ 60 compared to Group 30 and Group
40 (p < 0.05).

Aging induces changes in protein profile

Principal component analysis (PCA) was per-
formed to evaluate the sample represented as data
clusters. A notable difference was observed between
the age groups in which Group 30 and Group 40 were
distinctly separated from Group 50 and Group ≥ 60.
Group 30 and Group 40 were strongly grouped, and
a similar pattern of clustering was shown for Group
50 and Group ≥ 60 although it was slightly more dis-
persed (see Fig. 1).

The integrity of replicates from each age group was
analyzed. The correlation coefficients (r) were above
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Table 4
Subsequent analysis of RAVLT test scores in reference to the transition of the trials

Age Group Trial Mean Difference (95% CI) ρ-value
(I) (J) (I-J)

Group 30 Trial I Trial II –2.43 (–3.00, –1.85)* <0.001
Trial III –4.25 (–4.93, –3.57)* <0.001
Trial IV –5.43 (–6.12, –4.73)* <0.001
Trial V –6.18 (–6.90, –5.46)* <0.001

Trial II Trial I 2.43 (1.85, 3.00)* <0.001
Trial III –1.83 (–2.38, –1.27)* <0.001
Trial IV –3.00 (–3.59, –2.41)* <0.001
Trial V –3.75 (–4.41, –3.09)* <0.001

Trial III Trial I 4.25 (3.57, 4.93)* <0.001
Trial II 1.83 (1.27, 2.38)* <0.001
Trial IV –1.18 (1.57, –0.78)* <0.001
Trial V –1.93 (–2.59, –1.26)* <0.001

Trial IV Trial I 5.43 (4.73, 6.12)* <0.001
Trial II 3.00 (2.41, 3.59)* <0.001
Trial III 1.18 (0.78, 1.57)* <0.001
Trial V –0.75 (–1.41, –0.09)* 0.027

Trial V Trial I 6.18 (5.46, 6.90)* <0.001
Trial II 3.75 (3.09, 4.41)* <0.001
Trial III 1.93 (1.26, 2.59)* <0.001
Trial IV 0.75 (0.09, 1.41)* 0.027

Group 40 Trial I Trial II –3.35 (–3.92, –2.78)* <0.001
Trial III –4.93 (–5.61, –4.24)* <0.001
Trial IV –6.50 (–7.19, –5.81)* <0.001
Trial V –7.50 (–8.22, –6.78)* <0.001

Trial II Trial I 3.35 (2.78, 3.92)* <0.001
Trial III –1.58 (–2.13, –1.02)* <0.001
Trial IV –3.15 (–3.74, –2.56)* <0.001
Trial V –4.15 (–4.81, –3.49)* <0.001

Trial III Trial I 4.93 (4.24, 5.61)* <0.001
Trial II 1.58 (1.02, 2.13)* <0.001
Trial IV –1.58 (–1.97, –1.18)* <0.001
Trial V –2.58 (–3.24, –1.91)* <0.001

Trial IV Trial I 6.50 (5.81, 7.19)* <0.001
Trial II 3.15 (2.56, 3.74)* <0.001
Trial III 1.58 (1.18, 1.97)* <0.001
Trial V –1.00 (–1.66, –0.34)* 0.003

Trial V Trial I 7.50 (6.78, 8.22)* <0.001
Trial II 4.15 (3.49, 4.81)* <0.001
Trial III 2.58 (1.91, 3.24)* <0.001
Trial IV 1.00 (0.34, 1.66)* 0.003

Group 50 Trial I Trial II –3.13 (–3.70, –2.55)* <0.001
Trial III –4.23 (–4.91, –3.54)* <0.001
Trial IV –5.48 (–6.17, –4.78)* <0.001
Trial V –5.73 (–6.45, –5.01)* <0.001

Trial II Trial I 3.13 (2.55, 3.70)* <0.001
Trial III –1.10 (–1.66, –0.54)* <0.001
Trial IV –2.35 (–2.94, –1.76)* <0.001
Trial V –2.60 (–3.26, –1.94)* <0.001

Trial III Trial I 4.23 (3.54, 4.91)* <0.001
Trial II 1.10 (0.54, 1.66)* <0.001
Trial IV –1.25 (–1.65, –0.85)* <0.001
Trial V –1.50 (–2.17, –0.83)* <0.001

Trial IV Trial I 5.48 (4.78, 6.17)* <0.001
Trial II 2.35 (1.76, 2.94)* <0.001
Trial III 1.25 (0.85, 1.65)* <0.001
Trial V –0.25 (–0.91, 0.41) 0.457

(Continued)
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Table 4
(Continued)

Age Group Trial Mean Difference (95% CI) ρ-value
(I) (J) (I-J)

Trial V Trial I 5.73 (5.01, 6.45)* <0.001
Trial II 2.60 (1.94, 3.26)* <0.001
Trial III 1.50 (0.83, 2.17)* <0.001
Trial IV 0.25 (–0.41, 0.91) 0.457

Group ≥ 60 Trial I Trial II –2.20 (–2.77, –1.63)* <0.001
Trial III –4.25 (–4.93, –3.57)* <0.001
Trial IV –4.85 (–5.54, –4.16)* <0.001
Trial V –5.48 (–6.20, –4.76)* <0.001

Trial II Trial I 2.20 (1.63, 2.77)* <0.001
Trial III –2.05 (–2.61, –1.49)* <0.001
Trial IV –2.65 (–3.24, –2.06)* <0.001
Trial V –3.28 (–3.93, –2.62)* <0.001

Trial III Trial I 4.25 (3.57, 4.93)* <0.001
Trial II 2.05 (1.49, 2.61)* <0.001
Trial IV –0.60 (–1.00, –0.20)* 0.003
Trial V –1.23 (–1.89, –0.56)* <0.001

Trial IV Trial I 4.85 (4.16, 5.54)* <0.001
Trial II 2.65 (2.06, 3.24)* <0.001
Trial III 0.60 (0.20, 1.00)* 0.003
Trial V –0.63 (–1.29, 0.04)* 0.064

Trial V Trial I 5.48 (4.76, 6.20)* <0.001
Trial II 3.28 (2.62, 3.93)* <0.001
Trial III 1.23 (0.56, 1.89)* <0.001
Trial IV 0.63 (–0.04, 1.29) 0.064

Least significant difference was conducted for the adjustment of multiple comparison. *signif-
icant difference (ρ < 0.05) compared to the trials in column (I).

Fig. 1. Principal component analysis (PCA) plot for sample characterization in relation to replicates of the age groups.

0.7, which indicates a strong association between
samples (see Fig. 2).

Overall, 226 proteins were observed through sam-
ple analysis. Subsequent data filtration involved
elimination of contaminants, reverse sequences, and
proteins that were identified only by site or deter-
mined only by a single unique peptide. Our results
revealed an involvement of 113 proteins that were

reliable for further analysis. Upon conducting sta-
tistical analysis, 24 proteins were found to be
significantly different across age groups (see Table 5).
A representation of the protein expression and inter-
pretation of the group distribution were further
conducted.

Based on the characterization of protein expres-
sion through heat map analysis, two distinct trends of
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Fig. 2. Dispersion of detected proteins were analyzed using Perseus in order to evaluate the linearity of each replicate for each group sample.
The correlation coefficient for the relationship is r, and r ≥ 0.7 can be regarded as a strong relationship between variables.

protein regulation across age groups were observed
(see Fig. 3). Group 30 and Group 40 exhibited upreg-
ulation of protein expression while proteins in Group
50 and Group ≥ 60 were downregulated.

A fluctuation in protein expression across age
groups was observed (see Fig. 4). Group 30 and
Group 40 exhibited a higher average protein expres-
sion value compared to Group 50 and Group ≥ 60.
The pattern of protein expression shown in the plot
indicates a possible reference age as a critical point
of transition. Group 30 and Group 40 exhibited a
constant trend of protein expression while a devi-
ation was observed between Group 40 and Group
50 in which a decrease in the mean expression indi-
cated a critical transition point. Meanwhile, Group
50 and Group ≥ 60 showed a constant pattern of pro-
tein expression, which was lower than Group 30 and
Group 40.

Biochemical pathways involved with aging

We observed the involvement of several bio-
logical pathways during the progression of aging,
which highlights the significance of protein capacity
for physiological functions during aging. Annotated
ontology of molecular function, cellular compo-
nents, and biological process analysis showed that
peptidase inhibitor activity (GO:0030414), lipase
activity (GO:0016298), and peroxidase activity
(GO:0004601) showed the highest fold enrichment in
molecular function with fold values of ≥100, 39.72,
and 35.31, respectively (see Table 6). The macro-
molecular complex, neuronal cell body, and synapse
were showed the highest fold enrichment among

cellular components with fold values of ≥100, 68.09,
and 24.22, respectively. Regulation of the biologi-
cal process, the cholesterol metabolic process, and
the fatty acid biosynthetic process were the most
enriched with fold values of 38.13, 35.75, and 29.79,
respectively. The engagement of several biochemi-
cal phenomena observed in this study highlights the
importance of particular proteins being sustained dur-
ing aging.

A deeper analysis of the significantly expressed
proteins revealed that several biological pathways
were affected, which led to the deterioration of cog-
nitive function during aging. Immune system and
hemostasis were the most affected pathways consid-
ering the differences in protein expression across age
groups (see Fig. 5). Interestingly, several cognitive
deficits were shown to be related to pathways that
support the impact of protein expression on cognitive
capacity. Further elaborating on the involved path-
ways, related networks engaged were interpreted in
order to highlight the involvement of age and cogni-
tive function.

Protein-protein interaction during aging

Determination of protein interaction allows visual-
ization of protein regulation. Altering the expression
of a specific protein induces physiological changes
that can be observed, which leads to a possi-
ble manipulation for intervention purposes. The
present study found that immune system, hemosta-
sis, and neurodegenerative pathways were associated
with differentially expressed proteins observed in
aging. These proteins might act as regulators that
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Table 5
Significantly different protein expression across age groups and differential regulation of the expression subjected to mean transformation values (Z-scores)

Accession Description Transformed Intensity Value* † p Z score∗
Number Group 30 Group 40 Group 50 Group ≥ 60 Group 30 Group 40 Group 50 Group ≥ 60

P0CG04 Immunoglobulin lambda-1 chain C regions (IGLC1) 2.93 1.29 –9.22a,b –3.95a,b 0.01 0.98 0.67 –1.32 –0.32
P00739 Haptoglobin-related protein (HPTR) 1.55 0.90 –1.91a,b –0.99a 0.04 1.03 0.63 –1.12 –0.54
P01714 Immunoglobulin lambda variable 3–19 (IGLV3–19) –3.11 –2.78 –4.76a,b –4.50b 0.04 0.68 1.01 –0.98 –0.71
P02753 Retinol-binding protein 4 (RBP4) 3.06 2.19 –0.87 –6.07a,b 0.03 0.85 0.64 –0.11 –1.38
P04070 Vitamin K-dependent protein C (PROC) –4.45 –5.80 –7.71a –7.48a 0.04 1.24 0.36 –0.88 –0.73
P04180 Phosphatidylcholine-sterol acyltransferase (LCAT) –3.19 –2.50 –6.44a,b –5.58b 0.03 0.66 1.03 –1.08 –0.62
P04433 Immunoglobulin kappa variable 3–11 (IGKV3–11) –1.03 –2.66 –6.43a,b –7.49a,b 0.01 1.16 0.60 –0.69 –1.06
P05154 Plasma serine protease inhibitor (SERPINA5) –2.73 –3.84 –7.55a,b –6.15a 0.04 1.07 0.56 –1.13 –0.49
P06727 Apolipoprotein A-IV (APOA4) 4.86 4.28 –1.30a,b,d 5.59 0.00 0.51 0.31 –1.57 0.75
P07360 Complement component C8 gamma chain (C8G) –0.72 –1.34 –2.39a,b –1.49 0.04 1.10 0.21 –1.30 –0.01
P08519 Apolipoprotein(a) (LPA) –3.35 –3.11 –5.07a,b –5.26a,b 0.02 0.77 0.99 –0.8 –0.97
P15169 Carboxypeptidase N catalytic chain (CPN1) –0.37 –1.78 –6.80a,b –4.94a,b 0.01 1.12 0.61 –1.20 –0.53
P18206 Vinculin (VCL) –4.25 –3.39 –7.09a,b –5.741a,b,c 0.00 0.57 1.12 –1.28 –0.41
P18428 Lipopolysaccharide-binding protein (LBP) –3.65 –1.99 –6.32b –5.68b 0.03 0.39 1.23 –0.97 –0.64
P27169 Serum paraoxonase/arylesterase 1 (PON1) 4.23 4.00 –0.01a,b 2.06 0.03 0.85 0.73 –1.32 –0.26
P32119 Peroxiredoxin–2 (PRDX2) –2.75 –2.56 –7.09a,b –5.68 0.04 0.78 0.87 –1.14 –0.52
P35542 Serum amyloid A–4 protein (SAA4) 0.93 2.28 –7.34a,b –6.37a,b 0.01 0.76 1.05 –1.01 –0.80
P35858 Insulin-like growth factor-binding protein complex

acid labile subunit (IGFALS)
–1.06 –0.14 –2.39b –2.52b 0.04 0.41 1.21 –0.75 –0.86

Q16610 Extracellular matrix protein 1 (ECM1) –3.90 –3.46 –5.71a,b –7.31a,b 0.01 0.71 0.96 –0.36 –1.31
Q92954 Proteoglycan 4 (PRG4) –3.77 –2.73 –7.90a,b –5.54a,b,c 0.00 0.57 1.05 –1.36 –0.26
Q961Y4 Carboxypeptidase B2 (CPB2) –3.52 –3.42 –5.71a,b –7.80a,b 0.01 0.80 0.85 –0.30 –1.34
Q96KN2 Beta-Ala-His dipeptidase (CNDP1) –4.53 –4.02 –6.21a,b –5.50b 0.01 0.56 1.11 –1.20 –0.46
Q9UGM5 Fetuin-B (FETUB) –0.54 –0.84 –6.68a,b –4.47 0.03 0.88 0.78 –1.20 –0.45
Q9UK55 Protein Z-dependent protease inhibitor (SERPINA10) –3.88 –2.57 –6.99b –7.16b 0.04 0.55 1.12 –0.80 –0.87

*Displayed value was based on the reading of sample replicates. †Demonstrated intensity value was subjected to log2 transformation and width adjustment for data normalization. @Post hoc
analysis was conducted to determine disparity among the groups. Reported p value was based on two-tailed test. asignificant different (p < 0.05) compared to Group 30. bsignificant different
(p < 0.05) compared to Group 40. csignificant different (p < 0.05) compared to Group 50.
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Fig. 3. Heat map plot (generated with Perseus) of the indicated age groups’ protein expression. The intensity value depicts the direction of
protein expression as upregulated or downregulated.

Fig. 4. Protein expression value in each age group. The generated box plot did not reflect the distribution of the average expression of the
proteins but rather the changes of protein expression within each age group.

induce changes when subjected to alteration or
manipulation. Our data showed that none of the
detected proteins possessed this ability as part of the
regulatory protein for the immune system pathway.
However, text mining shows that LBP formed a net-
work with several proteins that probably affect the

regulation of an innate immune response (see Fig. 6).
LBP expression was found to decrease across age
groups, which indicates a possible role in the decline
of the innate immune response in the studied sample.
A similar result was observed in the neurodegen-
erative pathway in which text mining highlighted
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Table 6
Annotated ontology of molecular function, cellular component, and biological process of

significantly detected proteins

Annotated object (GO ID) Fold Enrichment p

Molecular Function
Peptidase Inhibitor Activity (GO:0030414) ≥100 0.008
Lipase Activity (GO:0016298) 39.72 0.025
Peroxidase Activity (GO:0004601) 35.31 0.028
Deacetylase Activity (GO:0019213) 30.75 0.032
Serine-Type Endopeptidase Inhibitor Activity (GO:0004867) 23.25 0.029
Transferase Activity, Transferring Acyl Group (GO:0016746) 22.97 0.034
Metallopeptidase Activity (GO:0008237) 19.59 0.047
Serine-type peptidase activity (GO:0008236) 19.45 0.048
Cellular Component
Macromolecular complex (GO:0032991) ≥100 0.007
Neuronal cell body (GO:0043025) 68.09 0.015
Synapse (GO:0045202) 24.44 0.040
Extracellular space (GO:0005615) 12.59 8.04e–7

Extracellular region (GO:0005576) 6.31 0.040
Biological Process
Regulation of biological process (GO:0003008) 38.13 0.026
Cholesterol metabolic process (GO:0008203) 35.75 8.10e–5

Fatty acid biosynthetic process (GO:0006633) 29.79 0.033
Response to toxic substance (GO:0009636) 25.09 0.039
Defense response to bacterium (GO:0042742) 13.92 0.009
Protein metabolic process (GO:0019538) 12.07 0.002
Phospholipid metabolic process (GO:0006644) 9.39 0.019
Response to external stimulus (GO:0009605) 8.67 0.022
Proteolysis (GO:0006508) 6.38 0.003
Regulation of biological process (GO:0050789) 2.95 0.024

the essence of a particular protein in the generated
network. The centripetal regulation of this pathway
was shown to be mediated by PRDX2, indicating the
involvement of this protein in the development of neu-
rodegenerative diseases. In the hemostasis pathway,
a significant correlation between several proteins was
observed, forming an interconnection and leading to
the formation of a regulatory network. PROC and
CPB2 were found to be involved in the regulation
of this pathway. Both proteins exhibited a decreased
expression value and were subsequently responsible
for promoting blood clotting.

DISCUSSION

Demographic status and blood profile differences
might influence the data acquisition process, which
leads to an inaccurate assessment of an individ-
ual cognitive function. Exposure to various external
factors can result in different interpretations of a
population’s cognitive competency [26, 27]. High
levels of education and stable socioeconomic status,
for example, could be key predictors for preserving
cognitive function with aging [28]. In our studied
sample, education could have been an interfering fac-
tor, which could diverge from the main objective

of the study. Nonetheless, we found no significant
correlation between education and cognitive function
[29]. Similarly, differing measures from the blood test
profile contribute to differences in individual cogni-
tive capability. For example, blood glucose level is a
promising indicator of individual cognitive function
[30, 31], and fluctuations in creatinine can also affect
cognitive competency [32].

Our data showed that several parameters of the
blood profile were significantly different across
age groups. However, no notable differences were
observed between these components of subjects’
blood profiles and the outcome of cognitive tests.
Hence, those relationships will not be further dis-
cussed.

Our data show that increased age correlates with
cognitive deterioration among the Malay popula-
tion. There is an extensive literature addressing the
impact of age on individual cognitive competency
[33]. Nonetheless, the rate of cognitive decline varied
across the population [34, 35]. Our study demon-
strated decreased cognitive function with increasing
age in the Malay population, indicating that aging
undeniably affects cognitive function. This finding
supports the hypothesis that aging contributes to
cognitive competency, and the degree of cognitive
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Fig. 5. Reactome-generated biological pathway [24] involved in promoting particular biological events. The yellow network represents a
significantly involved pathway in relation to differentially expressed protein. The grey network represents the pathways that were identified
by the Reactome database.

decline varies across different populations, indicating
the influence of environmental factors. This further
suggests that specific demographic traits contribute
to cognitive competency within a population. In order
to further understand the molecular processes, deter-
mining the protein profile of the human biological
system can be a vital platform. Proteins carry out
many functions in the body, and determining their
expression and involvement in biochemical pathways
at different stages of the lifespan can be informa-
tive for unraveling the association between aging and
cognitive function within a population.

Regulation of protein expression was measured in
this study and displayed in the generated heat map.
Most of the significantly expressed proteins were
upregulated in Group 30 and Group 40 while Group
50 and Group ≥ 60 showed downregulation of those
proteins. There was significant regulation of the pro-
teins upon reaching a particular age, as shown in the
heat map. A similar representation of protein expres-
sion is displayed in the box plot. The transition of the
proteins’ expression pattern was clearly indicated by

a significant shift in age, particularly between Group
40 and Group 50. The significant disparity in pro-
tein expression across age groups reflects the fact that
alteration in protein expression occurs in parallel to
advancing age. Our results showed a critical sepa-
ration point in distinguishing the younger from the
older individuals. Furthermore, our findings pinpoint
a critical phase of aging for the Malay population
based on differential protein expression. In a previous
study, Kitani [36] reported that most of the biologi-
cal entity declined with advancing age. This finding
is a promising indication of aging within the studied
population.

The transition in protein expression exhibited
across age groups can be interpreted more meaning-
fully by determining protein’s role in the development
of physiological functions. Understanding protein
ontology from different aspects of the biological per-
spective will highlight the relationship between age
and cognitive function comprehensively.

As for molecular functions, peptidase/protease
activity inhibitors (GO:0030414) exhibited the
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Fig. 6. Protein-protein interaction network of significantly different protein expression generated by STRING: functional network analysis.

highest enrichment fold in parallel with increasing
age. The specific protein affected, SERPINA5, was
relatively declined with age. SERPINA5 is important
in the blood clot regulatory mechanism by which its
presence impedes excessive blood coagulation [37].
Many studies have reported a positive correlation
between age and blood clot activity [36, 37]. Per-
sistent elevation of blood clumping not only induces
hemostasis-related disorders but also promotes dete-
rioration of cognitive function [38]. However, there
was no specific reference that directly showed the
association of SERPINA5 with age and cognition.
SERPINA5 has been shown to inhibit the progres-
sion of blood clots, and its declining expression
observed in this study might indicate that blood clot-
ting increases with age. This could be one factor
involved with cognitive decline among the Malay
subjects studied.

The macromolecular complex (GO:0032991) and
neuronal cell body (GO:0043025) were among

the cellular components that showed the highest
enrichment fold compared to other components.
AOPA4 is the protein involved in the macromolecular
complex that was affected by aging. Previous studies
reported that APOA4 expression declines in the aging
human body, and some studies reported its associa-
tion with age-related diseases [39, 40]. Similarly, we
found decreased expression of APOA4 with increas-
ing age. However, its expression was increased in
the older age group. Considering that our study did
not specifically measure the functional changes of
APOA4 with age, polymorphism might explain the
induction of its expression in older subjects. Ele-
vation of APOA4 expression in the body probably
occurs as a result of increased levels of circulat-
ing cholesterol. Nevertheless, taking into account the
lipid status and LCAT expression of Group ≥ 60, it
was indeed contradictory with APOA4 expression. At
this particular point, a different isoform rooted from
polymorphism activity [41] might occur, leading to
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the individual lipid status [42]. Increased cholesterol
promotes cognitive deterioration [43]. The changes in
APOA4 expression shown in Group ≥ 60 seem like a
positive output, but there was probably no biological
benefit from it, and it might have induced cogni-
tive decline in the population [39]. Further studies
are needed to confirm this hypothesis, especially in
relation to the polymorphic phenomenon of APOA4.
Apart from the macromolecular complex, involve-
ment of the neuronal cell body (GO:0043025) can
potentially broaden the discussion on the impact
of protein expression on cognitive function with
aging. We found that VCL regulation was among
the salient activities of the neuronal cell body. The
adhesion mechanism shown by VCL is essential in
various cellular processes. Its presence induces sig-
nal transduction that causes an integrin response on
a specific ligand [44], which regulates neuronal cell
growth. Our results showed that the expression of
VCL was decreased with increasing age. In line with
our findings, previous studies have reported similar
outcomes and showed the consequences of reduced
VCL expression on specific organs [45, 46]. Regard-
ing its role in the neuronal cell body, formation of the
neuronal growth cone is the most prominent mecha-
nism involved in the development of the neuronal cell
morphology [47]. Although VCL plays a vital role in
the progression of neuronal cell structure, age-related
studies focusing on the impact of proteins on neu-
rons are still scarce. As current data are inadequate to
explain the association between VCL and neuronal
structure with aging, our result raises the question
of how a decline in VCL expression might affect
its role as a primary mechanosensor in the develop-
ment of the neuron itself. Additionally, this condition
may reflect the reduction in cognitive competency
across age groups, as the integrity of neurons may be
affected.

In the biological process, the processing sys-
tem (GO:0003008) exhibited the highest enrichment
fold compared to the other components. Generally,
the processing system involved various activities
at the multicellular or organ levels, and the stress
response (GO:0006950) has been identified as a
process related to age and cognition. Our findings
showed that APOA4 might contribute to the regula-
tion of stress with aging. The stress response includes
body homeostasis such as reaction to the surrounding
temperature, the immune system, and the presence
of radical species. Oxidative imbalance results in
oxidative stress, which is physiologically related to
age and cognition. The role of APOA4 in reducing

oxidative stress was the center of discussion relative
to its expression. Reductions in APOA4 expres-
sion with age without pathological consequences
have not been reported. However, since the induc-
tion of APOA4 could drive age-related diseases [39],
a decline in its expression is relevant to aging.
Decreased APOA4 expression indirectly leads to
negative effects on oxidative regulation [48] and sub-
sequently affects individual cognitive competency
[39]. Nonetheless, we found that expression of this
protein was increased in the oldest group. No other
studies have reported such an anomaly, but the induc-
tion of APOA4 could be due to circumstances of the
body regardless of age. Elevation of APOA4 could be
due to a compensatory mechanism [40] in balancing
the total circulating cholesterol (such as reducing the
possibility of increased lipid peroxidation) or induc-
tion due to variability in APOA4 sequences with
age [49]. Further studies need to examine whether
APOA4 expression affects cognitive function.

The ontology analysis of differentially expressed
proteins showed that these proteins impact cogni-
tive function with increasing age. Since the detailed
mechanism involving each associated phenomenon is
not clearly understood, a pathway analysis was con-
ducted. Several related pathways were identified that
directly influenced the effect of age on cognitive func-
tion. One pathway found to play an important role
is the immune system. Changes in the immune sys-
tem with the progression of age were reported in a
previous study [50], which is in line with the find-
ings of the present study. This could be explained
by an immunosenescence phenomenon. An involve-
ment of immunosenescence in cognitive deterioration
has been reported previously [51, 52]. Based on the
acquired proteins IGKV3–11, IGLV3–19, IGLC1,
C8, and CPN1, the innate immune system was
regarded as the centripetal regulation that was
affected by age. Hence, advanced age results in a
decline of immune system functioning, which leads
to a decline in cognitive competency [51].

Aside from the immune system, regulation of the
hemostasis mechanism was also shown to have a
significant impact on cognitive function. Our results
indicated the possibility of increased blood clotting
synthesis following the decline in PROC expression.
PROC is a protease involved in the deactivation of
blood clotting factors Va and VIIIa in the blood
coagulation system [53]. The lack of PROC leads to
increased blood clotting activity [54]. The correlation
of PROC with age has also been extensively reported
in previous studies [55]. Hence, our studied sample
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can be plausibly interpreted as prone to elevation of
blood clotting activity in parallel with aging, and
PROC should be further highlighted in addressing
the deterioration in cognitive function. Involvement
of the cell surface interaction at the vascular wall in
the hemostasis system hinders comprehensive discus-
sion on the role of differentially expressed proteins
observed in this study. Decreased PROC expression,
however, acts as a signal to increase vascular wall
permeability [56] and to promote resorption of pro-
teins including fibrinogen [57], which subsequently
induces blood clotting. As mentioned, PROC expres-
sion was decreased with age and consequently acted
as a factor to induce escalation of a blood clotting
cascade. Accordingly, reduction in PROC expression
might clarify the physiological changes in the Malay
population, primarily regarding blood clotting with
increasing age. Involvement of other proteins such
IGKV3–11, IGLV3–19, and IGLC1 in hemostasis as
a consequence of aging is scarcely reported, which
is a limitation for a thorough interpretation. How-
ever, the presence of immunoglobulin in promoting
blood clotting is not an unfamiliar phenomenon [58].
Thus, further studies should be carried out to clar-
ify the mechanism involved with the decrement of
immunoglobulin expression associated with blood
clotting. Previous studies reported that increased
immunoglobulin levels led to the activation of a blood
clotting cascade [59, 60]. Nonetheless, it is assumed
that blood clotting activity was elevated with age as
shown by PROC expression. We do not dismiss the
possibility of immunoglobulin as a concern, but it
requires further study. Increased blood coagulation is
a potential factor leading to cognitive decline, as was
reported in previous studies [38–61].

Apart from the conditions indirectly related to
age and cognition, our findings also highlighted the
involvement of proteins that were associated with
cognitive degenerative and thus highly relevant in
influencing cognitive performance. Both affected
pathways were related to degeneration of neurons
and were regulated by PRDX2 expression. Generally,
aging is associated with increased oxidative stress,
and PRDX2 is responsible for balancing ROS to a rea-
sonable concentration [62, 63]. Concurrently, aging
also leads to a decline in neuronal activity due to
increased oxidative stress [64, 65] and impairment
of PRDX2 regulation [66]. Furthermore, unaltered
PRDX2 regulation results in an increased ability to
preserve cognitive function due to age-linked oxida-
tive damage [67]. Therefore, the involvement of
PRDX2 regulation is essential to ensure optimum

conditions for the neuron. This might explain cogni-
tive deterioration with increasing age rooted from the
neurodegeneration pathway observed in this study.

Highlighting the specific proteins as biomarkers
for the association of age and cognitive function is
meaningful for clinical reference. Interpretation of
protein-protein interactions will provide a detailed
regulatory mechanism. Based on the results of the
generated protein network, LBP, PRDX2, and PROC
demonstrated a possible central regulation in alter-
ing other proteins’ expression. Modification of their
expression will eventually lead to physiological
changes impacting cognitive function. Our study
provides a preliminary understanding of the molec-
ular mechanism for the association between age and
cognitive function of the Malay population. Further
studies are needed to allow for a coherent discussion
on the described protein network. The specificity and
sensitivity of the protein interaction can be evalu-
ated, focusing on the relationship between age and
cognitive function.

In conclusion, the Malaysian population exhib-
ited cognitive deterioration with the progression
of age. Alteration of protein expression induced
physiological changes leading to cognitive decline.
Understanding the interactions between the differ-
entially expressed proteins highlighted in this study
may provide an alternative in ameliorating cognitive
competency among the Malays and provide a funda-
mental approach to tackling the issue. Furthermore,
data from this study can be a reference for biomark-
ers in order to implement suitable interventions for
Malay individuals in Malaysia with dementia [68].
Although this paper focused on the Malay population,
we observed particular proteins such as the peroxire-
doxin family that are consistently related to dementia
[69–71] and can be a promising consideration for
ways to abate this pathological condition worldwide.
Hence, this study can be regarded as a supplement to
research on dementia, subsequently contributing to
the collective effort toward identifying specific pro-
teins involved with the pathological condition. The
prospect begins with the Malay population, and it will
expand worldwide with ample data on the incidence
of dementia.
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C, Candore G, Colonna-Romano G (2012) Immunose-
nescence, inflammation and Alzheimer’s disease. Longev
Healthspan 1, 8.

[52] Di Benedetto S, Müller L, Wenger E, Düzel S, Pawelec G
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