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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by cognitive
impairments that might be accompanied by declines in activities of daily living, neuropsychiatric
disorders and a loss of motor function [1,2]. At present, the prevalence of dementia of Alzheimer’s
type (DAT) is approximately 4% among elderly people [3]. With the increase in the aging the
population, the number of individuals with DAT is still increasing. The world bears heavy medical
costs and economic burdens of AD [4]. Although some medicines have been approved to be
utilized for AD, such as acetylcholinesterase inhibitors (AChEIs) [5], these medicines are merely
symptomatic treatments. At present, no disease-modifying drug can be used to reverse the onset of
AD and prevent the progression of AD or the pathogenetic mechanisms of AD [6,7]. Accordingly,
early identification and timely intervention before the stage of dementia are crucial [8,9]. Notably,
a good diagnostic tool should be inexpensive, less invasive and brief to perform. Plasma markers
are superior to other examinations due to their convenience and low price. For decades, researchers
have been devoted to exploring plasma proteins in AD. Although some plasma proteins were found
to be effective biomarkers for the early stage of AD, these markers varied in different studies and
have not been widely replicated among different populations. This situation might be related to
the heterogeneity of the sample population, such as the education levels of subjects. Yang et al.
[10] explored plasma protein panels as potential biomarkers to identify mild cognitive impairment
(MCI) in elderly Chinese individuals with different education backgrounds in a study entitled
Plasma Protein Panels for Mild Cognitive Impairment Among Elderly Chinese Individuals with
Different Educational Backgrounds' [10]. In Yang et al.’s study, plasma clusterin was included in
the diagnostic model of MCI for the total sample, with a classification rate of 63.68%. However,
the MCI diagnostic model for the illiterate group included cystatin C, plasminogen activator
inhibitor-1, and apolipoprotein A-I, with an accuracy of 77.25%. Human serum biomarkers of
MCCI for the lower education group had an accuracy of 75.00%. Additionally, the MCI diagnostic
biomarker panel composed of alpha-acid glycoprotein, soluble intercellular adhesion molecule-1
and pancreatic polypeptide had an accuracy of 83.60% for identifying MCI elderly adults with
higher education [10].

These results indicated that the diagnostic efficiencies of models for mild cognitive impairment
(MCI) based on different educational levels were superior to those of models for MCI without
grouping by educational level (accuracy: 77.75% wvs. 67.4%; sensitivity: 83.8% ws. 72.1%;
specificity: 71.6% ws. 62.7%). Furthermore, the study was a significant attempt, which suggested
that protein expression might vary for individuals with MCI with different levels of education [10].

Epidemiological investigations have demonstrated that education is an essential influencing
factor for the onset and progression of AD [11,12]. For instance, the prevalence of DAT among
elderly Chinese individuals with elementary school education or below is 2 times that among
elderly Chinese individuals with middle school education or above (6% vs 3%) [13]. In Vlachos et
al.’s study [14], the odds of MCI decreased by 6.3% with every additional year of education among
the Greek elderly population. A study by Aderson et al. [15], which included 54162 subjects from
the International Genomics of Alzheimer’s Project (IGAP) consortium, indicated that the risk of
AD decreased by 37% with every 3.6 years of schooling [15]. Kim et al.’s study [16] established a
model of the progression of AD according to education level among the Korean population. Kim
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etal.’s study showed that the lower education group (<12 years) took
less time to progress into amnestic MCI from SCI than the higher
education group (>12 years). A 17% decreased risk of AD by each
increase in education years was observed in an American community
cohort study [17]. Afgin et al. [18] investigated the prevalence of
MCI in an Arabic village, and the results showed that more years of
schooling reduced the risk of MCI among men [18].

Cognitive reserve (CR) is a concept that reflects the capacity to
withstand physiological or pathological factors that cause cognitive
decline [19]. These factors include age-related changes, brain damage
and neurodegenerative illnesses. Stronger CR is able to minimize
the clinical manifestations of the pathology of AD by utilizing
cognitive networks flexibly and efficiently [20]. Education level is
an important indicator of CR. The theory of cognitive reserve (CR)
suggests that education plays a protective role in cognitive function
[21-24]. A higher education level could compensate for cognitive
decline to some extent, especially in the early stage of cognitive
decline. Accordingly, the different educational levels of people with
DAT or MCI reflect that they might be in different stages of the
progress of pathological alterations related to AD [25].

Previous studies have suggested that there are differences in
the pathological alterations related to AD among individuals with
different education levels, including global and regional brain
volume, glucose metabolism or tau deposition in brain regions; the
severity of white matter lesions (WMLs); and cerebrospinal fluid
(CSF) AP concentrations. For example, Wada et al. [22] found a
positive connection between education years and brain volume
among individuals with MCI but not among people with DAT
[22]. Nicolas et al.’s study showed higher glucose metabolism in the
basal forebrain and hippocampus among individuals with MCI with
higher education levels, which indicated that higher education levels
could be beneficial to upregulate cholinergic activity in the early stage
of AD [26]. Trombella et al. [27] found an opposite relationship
between tau deposition and education duration in the left posterior
cingulate for people with amnestic MCI [28]. Mortamais et al.’s
study [28] showed that there were significant interaction effects
between WMLs and education levels. Individuals with more years
of education potentially tolerated WMLs [28]. Dumergier et al.
[29] found opposite relationships between education duration
and CSF AP levels among subjects with mild DAT, in which AB
neuropathological lesions were inversely linked to CSF AP levels [29].
Mondragén et al. [30] found greater hippocampal volume among
less educated individuals with MCIL. It was concluded that people
with less education might withstand less atrophic neuropathology
[30]. Higher tau accumulation was observed among higher educated
subjects with MCI or DAT in Yasuno et al.’s study [31]. All these
studies suggested that people with higher educational backgrounds
tend to have more resistance to severe pathological alterations
related to cognitive decline. In other words, under the same degree
of pathological alteration, people with more years of education are
more likely to be clinically healthy or have less cognitive impairment
[32,33]. Hence, there are inconsistences between the severity of
cognitive decline and alterations in pathology. In addition, other
factors influence the expression of plasma protein biomarkers related
to AD, including the source of the sample (community cohort or
clinical cohort), sex distributions, age distributions and the severity
of disease. Among these factors, education is regarded as the most
important factor that affects pathology related to AD [12]. In view
of this point, the expression of plasma protein might be influenced

by educational level like other pathologies related to AD. Yang etal.’s
work was exactly based on this perspective.

Yang et al’s work attempted to establish plasma biomarkers
for MCI based on CR theory. It was found that the plasma
protein biomarkers for identifying MCI were different for elderly
Chinese individuals with different education levels [10]. This work
indicated an effect of educational level on Alzheimer’s disease-
related biomarkers. Additionally, the limitation of the study was the
relatively small sample of 135 subjects. It is necessary to verify these
diagnostic models of MCI according to different educational levels
in a larger population in the future.

Of course, the drawback of plasma proteins as disease biomarkers
should be discussed. Concentrations of proteins in the peripheral
blood tend to change as a result of the influence of many factors.
These factors that mediate the expression of plasma proteins include
nutritional conditions, inflammatory responses, stress reactions,
material metabolism, growth and nervous system repair. More
precise technique might improve these issues in the future.

Therefore, it is necessary to consider these factors in future
studies regarding plasma proteins.

In summary, Yang et al.’s [10] work provided relatively novel
insight into the exploration of plasma biomarkers for MCI based
on educational background. Furthermore, inconsistencies between
cognitive performance and pathological alterations among MCI
individuals should be considered. A diagnostic model of plasma
protein biomarkers of MCI based on education levels should be

established.
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