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ABSTRACT

Biochemical processes have been associated with the pathogenesis of mild cognitive impairment (MCI) and
dementia, including chronic inflammation, dysregulation of membrane lipids and disruption of
neurotransmitter pathways. However, research investigating biomarkers of these processes in MCI remained
sparse and inconsistent. To collect fresh evidence, we evaluated the performance of several potential markers
in a cohort of 57 MCI patients and 57 cognitively healthy controls. MCI patients showed obviously increased
levels of plasma TNF-a (p = 0.045) and C-peptide (p = 0.004) as well as decreased levels of VEGF-A (p = 0.042)
and PAI-1 (p = 0.019), compared with controls. In addition, our study detected significant correlations of plasma
sTNFR-1 (MCI + Control: B = -6.529, p = 0.020; MCI: B = -9.865, p = 0.011) and siL-2Ra (MCI + Control: B = -7.010,
p = 0.007; MCl: B = -11.834, p = 0.003) levels with MoCA scores in the whole cohort and the MCI group. These
findings corroborate the inflammatory and vascular hypothesis for dementia. Future studies are warranted to
determine their potential as early biomarkers for cognitive deficits and explore the related mechanisms.

INTRODUCTION It is defined as the intermediate stage between intact
cognitive function and clinically proven dementia,
during which patients will benefit greatly if they obtain
prompt diagnosis and efficacious intervention [1, 2].

Epidemiologic studies have revealed a prevalence above

Dementia prominently threatens a growing number of
the aging population and much effort has been devoted
to ecarly diagnosis and prediction of dementing

disorders. Mild cognitive impairment (MCI) is a clinical
syndrome presenting cognitive decline with pre-
servation of global intellectual abilities and minimal
interference in instrumental activities of daily living [1].

6.7% of MCI in persons aged over 60 and a growing
annual rate of MCI progression to dementia [1]. There-
fore, identifying MCI at an early stage and placing it in
an appropriate clinical context have become an urgent
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and great challenge to physicians. Information of
cerebrospinal fluid (CSF) and peripheral blood
biomarkers as well as neuroimaging changes, such as
positron emission tomography (PET) imaging of
amyloid-B (AP) and tau, are of vital importance to
facilitate clinical trials of disease-modifying therapy.
The utilization of biomarker performance in detecting
early dementia has shown promising diagnostic and
therapeutic implications [3], and recent international
guidelines have highlighted the significance of iden-
tifying putative biomarkers to distinguish MCI [2].
Blood samples, for example plasma, have more
advantages over CSF and PET data in discriminating
disease status, such as less invasiveness and low cost.

Many biochemical processes are involved in the
pathogenesis of MCI and dementia such as Alzheimer’s
disease (AD), including aberrant amyloid metabolism,
phosphorylation of tau protein, dysregulation of
membrane lipids and disruption of neurotransmitter
pathways [4, 5]. Accumulating evidence has demons-
trated that multiple blood-based markers are associated
with these neurodegenerative disorders, and some are
closely correlated with disease progression [6-9]. Meta-
analyses of AD have proved that various peripheral
markers differed between AD patients and healthy
controls, indicating a pivotal role of chronic inflam-
mation in AD [10]. Furthermore, recent studies have
strongly reinforced the vascular hypothesis in dementia
as well as the corresponding biomarkers, such as
platelet-derived growth factor receptor-p, which can act
as early predictor of cognitive trajectories [11]. Since
MCI patients are at risk of progressing to AD or other
types of dementia, it is reasonable to speculate that
those pathological alterations observed in dementia
may be detected in MCI. However, current research
focusing on peripheral changes of these markers in
MCI have been sparse and provided inconsistent
results. Few studies have systematically investigated
the synergistic role of a wide array of plasma bio-
markers in MCL.

The objectives of this study were to compare plasma-
based marker performance between patients with MCI
and cognitively healthy controls in Singapore, and to
investigate whether these markers are associated with
cognitive dysfunction. Based on relevant literature,
meta-analyses and our team’s previous findings, 21
potentially reliable markers, which is involved in the
neuroinflammation, metabolic and vascular mecha-
nisms of MCI and dementia, were selected for
evaluation owing to their previous reports on positive
results [12].

RESULTS
Demographic and clinical characteristics

A total of 114 subjects (57 MCI patients and 57
normal controls) were ultimately enrolled in this study.
Table 1 shows the clinical information and neuro-
psychological performance of the MCI and control
groups. Matched for gender, MCI patients were
relatively older (p < 0.001) and less educated (p =
0.004) than normal controls. No significant differences
were noted in the frequency of diabetes mellitus,
alcohol intake, smoking, marriage and employment
status between MCI patients and normal controls (p >
0.05). Compared to normal controls, MCI patients
performed significantly poorer on Singapore-Modified
Mini-Mental State Exam (SM-MMSE) (p < 0.001) and
Montreal Cognitive Assessment (MoCA) (p < 0.001),
with notably higher scores of Geriatric Depression
Scale (GDS) (p < 0.001) and Geriatric Anxiety
Inventory (GAI) (p = 0.001).

Performance of plasma markers across diagnostic
groups

Table 2 summarizes the plasma concentration of all 21
analytes and illustrates the results of comparisons
between groups. TNF-a (p = 0.045) and C-peptide (p =
0.004) were found significantly elevated in MCI
patients compared with controls, while decreases in
VEGF-A (p = 0.042) and PAI-1 (p = 0.019) were
observed. No significant differences were found in
comparisons of other plasma markers between MCI
patients and normal controls (p > 0.05).

Correlations of cognitive performance with age and
education

The potential correlations of clinical characteristics
with cognition level assessed by SM-MMSE and
MoCA scores were evaluated by Spearman analysis.
Age was found obviously inversely correlated with
MoCA score in MCI (p = -0.275, p = 0.041) and
control (p = -0.278, p = 0.041) subgroups as well as
the whole sample (p = -0.286, p = 0.002), but with SM-
MMSE score only in the MCI subgroup (p =-0.339, p =
0.010). Years of education were noted significantly
related to SM-MMSE (Total: p = 0.523; MCIL: p =
0.530; CN: 0.601; all p < 0.001) and MoCA (Total: p =
0.447; MCI: p = 0.391; CN: 0.392; all p < 0.005) scores
in all the analyses whether performed separately in MCI
and control groups or performed among the whole
sample.
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Table 1. Demographic characteristics and neuropsychological performance.

MCI Control p Value
N 57 57 -
Age (years) 68.77 £5.47 67.77£5.16 <0.001
Gender (male/female) 39/18 39/18 -
Education (years) 4.21+4.84 6.26 +3.92 0.004
Smoking (n, %) 5(8.8%) 3(5.3%) 0.714
Alcohol (n, %) 11 (19.3%) 5(8.8%) 0.106
Diabetes Mellitus (n, %) 13 (22.8%) 7 (12.3%) 0.140
Marriage (married/single) 42/15 39/18 0.536
Employment (employed, %) 8 (14.0%) 9 (15.8%) 0.793
Neuropsychological Performance
MMSE score 25.82+2.44 29.46 + 0.66 <0.001
MoCA score 22.93+3.81 27.37+2.30 <0.001
GDS score 1.68+2.16 0.54+0.73 <0.001
GAI score 1.00+2.10 0.16 £ 0.62 0.001

Note: Continuous variables are expressed by mean + SD. Comparisons between groups were analyzed
as described in the Methods. Groups: MCI = patients with mild cognitive impairment; Control =
cognitively healthy controls. Abbreviations: N, number of subjects in each group; MMSE, Mini-Mental
State Exam; MoCA, Montreal Cognitive Assessment; GDS, Geriatric Depression Scale; GAl, Geriatric

Anxiety Inventory.

Correlations of plasma marker levels with cognitive
performances

As listed in the Supplementary Table 1, the potential
correlations of these 21 plasma markers with cognitive
performances were analyzed in the whole cohort, MCI
group and control group (in the unadjusted and adjusted
models). The Spearman correlation analysis implied
that the SM-MMSE and MoCA scores were inversely
correlated with plasma sIL-2Ra concentration in both
the whole cohort (SM-MMSE: p = -0.207, p = 0.030;
MoCA: p = -0.305, p = 0.001) and MCI group (SM-
MMSE: p = -0.269, p = 0.045; MoCA: p = -0.464, p <
0.001) (Figure 1). In addition, MoCA scores were
inversely associated with plasma STNFR-1 levels in the
whole cohort (p = -0.235, p = 0.015) and MCI group (p
= -0.314, p = 0.019) (Figure 1). Furthermore, we also
detected positive correlations of IL-8 (p = 0.298, p =
0.042) and C peptide (p = 0.282, p = 0.047) with the
MoCA scores in the control group. In partial correlation
analyses adjusting for age, gender, education, GDS and

GALI scores, inverse correlations were demonstrated of
SM-MMSE (r = -0.198, p = 0.045) and MoCA (r = -
0.230, p = 0.020) scores with sSTNFR-1 level and of
only MoCA (r = -0.244, p = 0.013) score with sIL-2Ra
level in the whole cohort. In MCI subgroup, the MoCA
scores were found inversely linked to the plasma
concentration of sIL-2Ra (r = -0.420, p = 0.002) and
STNFR-1 (r = -0.357, p = 0.010). Plasma 6Ckine levels
presented a potential link with SM-MMSE score (r = -
0.282, p = 0.045) in the MCI patients. In normal
controls, MoCA scores were positively correlated with
C-peptide level (r = 0.389, p = 0.008) and negatively
with NTproBNP level (r = -0.481, p = 0.008), while no
significant correlation of these two markers was found
in the MCI group.

Linear regression analysis and ROC curves
We first used the simple linear regression model to

select the potentially independent variables (Sup-
plementary Table 2). Then, the multivariable linear re-
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Table 2. Plasma marker levels in MCI patients and controls.

Control
MCI
Markers p Value
Concentration n Concentration n
TNF-a (pg/ml) 15.43 £2.92 48 14.29 +£2.54 47 0.045
sTNFR-1 (pg/ml) 6585.75 +2053.00 56 6096.99 + 1717.44 54 0.179
sTNFR-2 (pg/ml) 2196.74 + 489.14 23 2146.16 + 406.87 27 0.442
hsIL-6 (pg/ml) 0.77+0.53 51 0.90 +£0.70 41 0.514
sgp130 (pg/ml) 153537.29 + 16682.29 55 147593.26 + 25570.74 53 0.335
IP-10 (pg/ml) 84.41 £ 67.36 56 63.66 +33.20 54 0.089
CXCL13 (pg/ml) 107.71 £ 37.63 56 109.34 + 42.30 54 0.853
sIL-2Ra (pg/ml) 763.96 +£199.31 56 703.31 £228.54 54 0.140
6Ckine (pg/ml) 225.59+41.04 56 216.78 £ 58.42 54 0.361
CTACK (pg/ml) 530.80 £ 191.41 56 496.17 + 194.54 54 0.349
hsCRP (pg/ml) 1.46 £2.54 55 1.49 £2.38 53 0.513
IL-8 (pg/ml) 5.98 +3.38 53 7.70 £7.20 49 0.212
C-peptide (pg/ml) 917.38 £ 549.46 55 704.04 + 639.51 52 0.004
MCP-1 (pg/ml) 214.10+62.84 55 242.43 +119.57 52 0.535
VEGFA (pg/ml) 41.55+24.43 55 56.49 +37.95 53 0.042
IL-4 (pg/ml) 22.66 +7.59 43 27.38+15.22 45 0.277
Leptin (pg/ml) 9437.62 + 8363.95 51 9020.54 + 6211.62 47 0.698
PAI-1 (pg/ml) 45697.87 £29009.55 53 62957.59 + 40050.37 51 0.019
NTproBNP (pg/ml) 1217.56 + 730.01 42 1461.21 £ 819.73 35 0.141
TIMP-2 (pg/ml) 38369.49 + 13863.34 48 37787.49 + 16234.35 47 0.639
T4 Total (nmol/L) 105.23 £23.35 52 101.27 +28.61 41 0.371

Note: Continuous variables are expressed by mean + SD. Comparisons between groups were analyzed as described in
the Methods. Significance (bold values), p < 0.05. Groups: MCI = patients with mild cognitive impairment; Control =

cognitively healthy controls.
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gression analysis was utilized to clarify those
independent variables that were correlated with the
prevalence of cognitive impairment in the study cohort.
SM-MMSE and MoCA scores were set as dependent
variables, while plasma marker concentration, age,
gender, education, GDS and GAI scores were
considered as independent variables. Results indicated
that MoCA score was significantly associated with
plasma sIL-2Ra and STNFR-1 in both the whole cohort
and MCI patients (p < 0.05) (Table 3). In addition,
MoCA was also found correlated with plasma C-peptide
in normal controls (B =2.111, p=0.018) (Table 4). The
power of each linear regression test was calculated.
Among them, sTNFR-1 (> 70%) and sIL-2Ra (> 90%)
showed relatively reliable test performances, while that
of C-peptide was 53.9%. The calculated power for other
markers varied. To further evaluate the performance of
these markers in predicting disease status, we conducted
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the receiver operating characteristic (ROC) analyses in
the study cohort. Statistics of areas under the curves
(AUCs) showed acceptable predictive abilities of these
plasma-based markers in distinguishing MCI from
normal controls (VEGF-A AUC = 0.614, p = 0.042;
PAI-1 AUC = 0.633, p = 0.019; TNF-ao AUC = 0.615, p
=0.054; C peptide AUC = 0.662, p = 0.004).

DISCUSSION

The present study provided evidence indicating that
individuals with MCI differed from cognitively healthy
controls in the plasma expression of at least four
markers: TNF-a, VEGF-A, C-peptide and PAI-1. In
addition to advanced age and low education level,
plasma sIL-2Ra and sTNFR-1 concentrations were
negatively associated with MoCA scores in all par-
ticipants and MCI patients, implying a potential correla-

0 500 1000 1500

plasma slL-2Ra level

MCI

0 5000 10000 15000

plasma sTNFR-1 level

Figure 1. Correlations of plasma sIL-2Ra and sTNFR-1 level with cognitive impairment. Scatter plots illustrated
the correlations of plasma sIL-2Ra and sTNFR-1 concentration with cognitive level evaluated by MoCA scores. (A) The
correlation of sIL-2Ra with MoCA in the whole cohort (MCI + Control: p = -0.305, p = 0.001). (B) The correlation of sIL-2Ra
with MoCA in MCI patients (p = -0.464, p < 0.001). (C) The correlation of sSTNFR-1 with MoCA in the whole cohort (MCI +
Control: p =-0.235, p = 0.015). (D) the correlation of sTNFR-1 with MoCA in MCI patients (p =-0.314, p = 0.019).
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tion of these markers with MCI. Taken together, our responses

findings have further corroborated the inflammatory

and meta-vascular
pathophysiological cascade of MCI.

changes

in the

Table 3. Assessment results of the risk of having cognitive impairment in the multiple linear

regression model across different groups (sIL-2Ra and sTNFR-1).

MCI + Control MCI
Markers
B SE p value B SE p value
sIL-2Ra -7.010 2.546 0.007 -11.834 3.774 0.003
Age -0.080 0.067 0.239 -0.070 0.092 0.452
Gender -0.206 0.773 0.790 -0.905 1.086 0.409
Education 0.277 0.083 0.001 0.180 0.113 0.117
GDS -0.181 0.238 0.450 0.077 0.258 0.766
GAI -0.096 0.253 0.704 -0.044 0.264 0.869
sTNFR-1 -6.529 2.758 0.020 -9.865 3.708 0.011
Age -0.075 0.068 0.274 -0.065 0.095 0.496
Gender -0.287 0.783 0.714 -0.817 1.112 0.466
Education 0.303 0.083 0.000 0.259 0.113 0.027
GDS -0.191 0.241 0.428 0.098 0.264 0.712
GAI -0.070 0.256 0.786 -0.019 0.272 0.943

Note: Dependent variable: MoCA scores; B, regression coefficients; SE, standard error. Groups: MCI = patients
with mild cognitive impairment; Control = cognitively healthy controls. Significance (bold values), p < 0.05.

Table 4. Assessment results of the risk of having cognitive impairment in the multiple linear
regression model across different groups (C-peptide).

MCI + Control
Markers Control
B SE p value B SE p value
C-peptide -0.999 1.038 0.338 2.111 0.858 0.018
Age -0.113 0.070 0.107 -0.120 0.061 0.056
Gender -0.177 0.826 0.830 -0.076 0.714 0.916
Education 0.292 0.087 0.001 0.162 0.081 0.052
GDS -0.174 0.248 0.483 0.205 0.438 0.642
GAI -0.109 0.263 0.679 0.432 0.499 0.391

Note: Dependent variable: MoCA scores; B, regression coefficients; SE, standard error. Groups: MCI = patients
with mild cognitive impairment; Control = cognitively healthy controls. Significance (bold values), p < 0.05.
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Regulation of inflammation

Neuroinflammation has been well documented to play a
role in the early phase of neurodegeneration [13-15]. In
this cross-sectional study, we investigated the plasma
performance of several inflammatory markers in MCI
and control groups, including cytokine hsIL-6 and one
of its receptors sgp130, chemokine IL-8, and inflam-
mation associated protein VEGF-A.

Among these results, plasma TNF-a levels proved to be
mildly but significantly elevated in MCI patients
compared with normal controls. As an important
mediator that could activate central innate immune
responses, TNF-o has been associated with the dys-
function and death of neurons [16]. It is widely accepted
that TNF-a exerts effects by inducing AB production in
vitro and mediating toxicity induced by amyloidosis
[17-19]. Some researchers reported that the pro-
inflammatory marker TNF-a increased in the peripheral
blood or CSF of patients suffering from Alzheimer’s
disease [20, 21]. In their studies, there was a trend of
higher TNF-a expression in the MCI group compared to
healthy controls, yet the data were not statistically
significant [20]. However, some studies suggested there
was no change or lower expression of TNF-a in AD and
MCI patients compared to controls [22, 23].
Inconclusive results may be due to different metho-
dologies across laboratories. It could also be because
that levels of TNF-a change during neuro-degeneration
but not in the very early stage of disease, or that the
underlying alterations are too slight to be detected. In
humans, TNF-a exerts its effect by binding to the
transmembrane receptors: TNF receptor 1 and TNF
receptor 2 (TNFR-1, TNFR-2) [24]. Soluble TNFR-1 and
TNFR-2 circulate for longer than the pro-inflammatory
cytokine itself, and therefore they are suitable for
regulating TNF activity [25]. We detected a trend of
increased plasma STNFR-1 level in MCI patients
compared with controls, but data did not show statistical
significance. However, levels of plasma sTNFR-1 were
demonstrated to have a significantly inverse correlation
with MoCA score in both the whole cohort and the MCI
group, indicating its involvement in MCI and potential
capacity for detecting disease progression. Our results
had no positive findings for plasma sTNFR-2, which
was not in line with the result from previous research
conducted by Gao et al [26], reaffirming the conclusion
from previous studies that STNFR-1 and sTNFR-2 may
be activated and expressed differentially in the
neurodegeneration of AD [27]. But given the small
sample size and data lost for out of range or undetec-
table, it should be interpreted with caution.

Aging has been associated with alterations of
circulating cells producing cytokines or chemokines,

and changes in the distribution of lymphocyte subset
might be specific in different types of neuro-
degenerative disorders such as AD [28]. In agreement
with a previous clinical study [26], our research data
showed significantly inverse correlations between
plasma sIL-2Ra concentration and cognition level
evaluated by MoCA in both the whole study cohort and
the MCI group. But this correlation was not detected in
the control group. It is known that IL-2Ra plays a
critical role in the signaling of IL-2 and the regulation
of immune reactions [29]. Produced from the
membrane-bound IL-2Ra, the soluble IL-2Ro could
inhibit the IL-2 signaling and promote the proliferation
of T cell, and was therefore regarded as the stable
biomarker for T cell activation [30, 31]. Laurent et al.
have demonstrated a pivotal role of T cell infiltration in
tauopathy and cognitive deficits in neurodegeneration
[32]. Altogether, it is reasonable to speculate that there
is an association between plasma sIL-2Ra level and
cognitive impairment, which might be utilized for
detecting disease progression.

Metabolic and vascular alterations

Metabolic and vascular mechanisms have been
suggested to contribute to MCI and dementia, yet the
previous studies displayed discrepant results [33, 34].
We explored the potential role of aberrant metabolism
and vascular function in MCI by measuring plasma
levels of promising markers, including PAI-1, C-peptide
and VEGF-A.

Elevation in PAI-1, a serine protease inhibitor (Serpin),
also known as endothelial plasminogen activator
inhibitor, confers high risk of vascular diseases such as
dementia [33]. PAI-1 is considered as a primary factor
in regulating the balance between thrombosis and
fibrinolysis, and it has an effect on reducing brain Af
clearance [34]. Our study found plasma PAI-1 levels
decreased in MCI individuals compared to controls,
which was contrary to some previous findings [33, 35,
36]. Oh et al. indicated elevated plasma PAI-1 levels in
Korean MCI patients compared to controls, and yet a
similar situation was not detected in a cohort of
Austrian MCI patients studied by Marksteiner et al.
[35]. On the contrary, Trollor et al. demonstrated a
lower PAI-1 concentration in amnestic MCI patients
compared to cognitively normal controls [37]. Since
MCI is heterogeneous, following by several outcomes,
and plasma PAI-1 levels could be modulated by
multiple factors such as ethnicity, genetics and medica-
tion, the inconsistency was largely caused by in-
sufficient studies and the great heterogeneity among
them. More comprehensive analyses from multi-
centered, large-scale researches are warranted in the
future to obtain definite conclusions.
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Accumulating evidence supported that C-peptide was
associated with inflammation and cognitive function in
middle-aged or older patients with diabetes mellitus
(DM), yet there were disagreements [8, 9]. Chen et al.
observed decreased C-peptide level in MCI patients and
positive correlation of MoCA with C-peptide in patients
with type 2 diabetes mellitus (T,DM) [8]. In contrast,
Zhou et al. reported an inverse association of SM-
MMSE with fasting C-peptide but no significant
difference in C-peptide level between these two groups,
whether in the non-DM or DM subjects [9]. We found
obviously elevated C-peptide concentration in the
plasma of MCI patients compared with cognitively
healthy controls. Regression analysis showed a trend of
positive correlation between C-peptide level and MoCA
score in the control group, but no positive findings in
the whole cohort or the MCI group. Since DM duration
was widely reported to be correlated with cognition
function, it could explain part of the inconsistency
because we did not include DM duration in the analyses
[8]. Different types of DM also seem to partly account
for the inconsistency, as evidenced by the reports that
the absence of C-peptide in T{DM patients could cause
damage whereas the excess in T,DM patients may be
harmful [38, 39]. Though DM patients in our cohort
represent a small fraction, we could not exclude the
effects of medication on modulating the levels of meta-
inflammatory markers, such as Metformin. Further
studies are required to address these aspects.

Dysfunction of the Blood-Brain Barrier (BBB) is a key
pathogenic step in initiation and progression of
inflammatory lesions in the brain [11, 40]. Released by
activated astrocytes, vascular endothelial growth factor
A (VEGF-A) has been associated with the down-
regulation of endothelial tight junction transmembrane
proteins, which induced the BBB breakdown [40, 41].
A previous animal study illustrated that VEGF-A and its
upstream mediator lipocalin-2 play a critical role in the
BBB breakdown in hippocampus of the vascular
dementia (VaD) [42]. The upregulation of these proteins
might partly explain the neurotoxicity and neuro-
inflammation in VaD [42]. In contrast, our research
found lower plasma levels of VEGF-A in patients with
MCI compared to normal controls. This inconsistency
may result from increased soluble VEGF receptors
expression in MCI donors, which was not tested in our
study. One study did report the reduced circulating
sVEGF-R2 levels in AD patients compared to controls
[43]. The inconsistency between our result and those of
the previous studies may be explained by the timing and
stage of the disease. It is likely that the balance between
VEGF1/2 and VEGF-R1/2 (and other markers and their
receptors) in healthy and MCI individuals is maintained
by the regulation we observed and that the disruption of
the regulation may accelerate disease onset and

progression. One should also consider that the above-
mentioned regulations also occur in the brain when we
are testing circulating biomarkers. Future studies
combining peripheral, CSF and brain tissue data are
required for confirmation.

Cognitive assessment

In a recent meta-analysis, the MoCA test has been
proved to have better sensitivity and specificity than the
SM-MMSE test to screen MCI from intact cognition in
population aged over 60 [44]. It involves important
cognitive domains and shows good reliability in
repeated testing [45]. Our research data showed that the
concentration of some plasma-based markers was
positively or negatively correlated with MoCA scores
rather than with SM-MMSE scores. It supported the
notion that the MoCA test could better detect cognitive
impairment than SM-MMSE, suggesting it as a highly
sensitive tool for clinicians. Besides, the possibility
could not be ruled out that other plasma-based markers
have no correlation with cognitive impairment. Several
reasons may account for this result in our study. When
compared with normal controls, MCI patients present
more minor variations of cognition decline than patients
with dementia, which may enhance the difficulty in
detecting disease progression. In the process of
sampling, part of the data were excluded from analysis
because of concentration undetectable or out of range.
Large-scale studies containing healthy controls and
patients with dementia and MCI are demanded to reach
more powerful conclusions.

Limitations

It should be noted that there were some limitations in
our research. First, the relatively small sample size may
restrict our ability to detect the associations of other
inflammatory and metabolic markers with cognitive
impairment. Second, patients with the Alzheimer’s
disease or other types of dementia were not enrolled in
the present study. And MCI subtypes which may
progress into different types of dementia were not
analyzed separately, which may reduce the strength of
current evidence. Finally, longitudinal, multi-centered
studies are needed to focus on the progression of MCI
and alterations of plasma-based markers simulta-
neously.

CONCLUSION

In summary, our data indicated elevated TNF-a and C-
peptide as well as lowered VEGF-A and PAI-1 in the
plasma of MCI patients, supporting the involvement of
inflammatory and meta-vascular alterations in the
pathogenesis of MCI. In addition, our study suggested
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that plasma sTNFR-1 and sIL-2Ra might be utilized as
potential markers for cognitive impairment in the early
stages of dementia. Future studies are required to deter-
mine whether these markers could be biomarkers for
clinical diagnosis and to investigate the underlying
mechanism.

METHODS
Ethics

This study was conducted at the National University of
Singapore. All procedures were compliant with the
international guidelines and ethical standards, and the
study protocol was reviewed and approved by the
National University of Singapore Institutional Review
Board. Written informed consent was obtained from all
participants or authorized representatives before
entering the study.

Participants

This case-control study was conducted from July 2011
to September 2017. Elderly people aged 60 and above
were recruited from the Training and Research
Academy at Jurong Point, and Jurong area of Singapore.
All participants underwent interviews, laboratory
examinations and detailed collections of clinical data,
including age, gender, education, alcohol intake, fre-
quency of smoking, marriage and employment status,
etc. A series of neuropsychological tests, including
MoCA, SM-MMSE, Geriatric Depression Scale (GDS)
and Geriatric Anxiety Inventory (GAI), were adminis-
tered in a certain order to assess the cognitive and
mental state of the participants. These evaluations were
performed by experienced neuropsychiatrists on a one-
to-one basis. Both participants and neuropsychiatrists
were blinded to the study design.

MCI patients were diagnosed based on the widely
accepted criteria advocated by Peterson and his
colleagues [46, 47]. Inclusion criteria for normal
controls require a SM-MMSE score > 28. Subjects with
the presence of dementia or other neurological diseases
such as Parkinson’s disease were excluded. Besides,
participants were excluded if they have any of the
following medical problems: acute diabetic complica-
tions, acute cerebrovascular accident or history of
cerebrovascular accident within 5 years, acute
cardiovascular accident or history of cardiovascular
accident within 5 years, systemic disorders such as
malignancy which were not cured, severe infection,
drug abuse or dependency condition and severe psy-
chiatric disorders which were not cured.

Measurements of plasma marker concentration

Archival plasma specimens were thawed and
quantitative assays were performed for 21 analytes of
cytokines, chemokines, hormones, metabolites and
other biomarkers which were screened from previously
published literature to be correlated with cognitive
function, MCI or dementia. Luminex assays were used
to measure the levels of the tumor necrosis factor alpha
(TNF-a) and its soluble receptor sTNFR-1, sTNFR-2,
interferon-y-inducible protein-10 (IP-10), chemokine C-
X-C motif ligand 13 (CXCL13), the soluble interleukin-
2 receptor alpha (sIL-2Ra), 6Ckine (C-C motif
chemokine ligand 21, CCL21), CTACK (C-C motif
chemokine ligand 27, CCL27), interleukin-8 (IL-8), C-
peptide, monocyte chemoattractant protein 1 (MCP-1),
vascular endothelial growth factor A (VEGF-A),
interleukin-4 (IL-4), leptin, plasminogen activator
inhibitor-1 (PAI-1), N-terminal pro-B type natriuretic
peptide (NTproBNP) and tissue inhibitor of metallo-
proteinases 2 (TIMP2) (R&D Systems and Merck
Millipore). Samples were incubated with beads, each
uniquely fluorescent and conjugated to specific
antibodies against the marker of interest. Detection
antibodies were then added to the complex and the
fluorescence was measured using a Luminex analyzer.
Total thyroxine (T4), high sensitive C-reactive protein
(hsCRP), high sensitive interleukin-6 (hsIL-6) and one
of its receptor soluble gpl30 (sgpl30, a natural
antagonist of IL-6 trans-signaling) were measured via
the enzyme-linked immunosorbent assay (ELISA).
Plasma samples were added to wells of ready-coated
plates coated with antibodies specific to the marker of
interest. The bound markers were then incubated with
detection antibodies. The absorbance resulting from the
enzymatic reaction from the enzyme on the detection
antibodies and added substrate was measured using a
microplate reader. All experimental procedures were
standardized across runs and laboratory personnel.

Statistical analyses

Data are presented as the mean + standard deviation
(SD) or number (percentage) as appropriate. Statistical
analysis and image processing were performed using
SPSS (version 25, IBM Inc., Armonk, NY, USA) and
GraphPad Prism (version 7) software. Normal or non-
normal distribution of continuous variables was checked
by the Kolmogorov-Smirnov test. For data that obey
normal distribution, comparisons between MCI patients
and normal controls were conducted by the independent
sample #-test. For non-normally distributed data,
comparisons were performed using the non-parametric
Wilcoxon signed rank test. Group comparisons of
categorical data, including gender, alcohol intake,
frequency of smoking, marriage and employment status,
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were analyzed using the chi-squared test. The Spearman
correlation test and partial correlation analysis were
used to explore the variables that might be related to
cognitive impairment. Simple and multiple linear
regression analysis were then conducted to investigate
the possible relationship of plasma marker levels with
cognition. In the regression analyses, the logjo trans-
formation of plasma marker concentration was utilized
to provide normally distributed data set. The per-
formance of markers to distinguish MCI patients from
normal controls was illustrated by the receiver operator
characteristic curve (ROC). Considering the small
sample size, we calculated the power of the test using
the PASS15 software. A two-tailed p-value of < 0.05
was regarded as statistically significant.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Relationship of plasma markers with cognitive rerformances in different groups.

MCI + Control MCI Control
Markers unadjusted adjusted unadjusted adjusted unadjusted adjusted
p p value T p value p p value r p value p p value r p value

TNF-a

MMSE -0.098  0.343  -0.132  0.221 0.056  0.704  0.069  0.659 0.185 0214  0.028  0.864

MoCA -0.047 0.654  -0.060 0.579 -0.047  0.752  -0.019  0.902 0273  0.069 0.197 0.216
sTNFR 1

MMSE -0.121  0.208  -0.198  0.045 -0.123 0367 -0.269  0.056 -0.013 0928 0.011  0.940

MoCA -0.235  0.015 -0.230  0.020 -0.314  0.019 -0.357  0.010 -0.058 0.681  0.085  0.567
sTNFR 2

MMSE -0.153 0289  -0.157  0.302 -0.321  0.136 0268  0.072 0.032 0875 -0.134 0.542

MoCA -0.119 0417 -0.126 0411 -0.105 0.642 -0.105 0.679 0.028  0.890 -0.160 0.465
hsIL-6

MMSE 0.083 0433 0.195 0.073 0.119 0404 0268 0.072 -0.019 0905 0.090 0.607

MoCA 0.014  0.898  0.005  0.962 -0.049 0.738  -0.168  0.266 0.051  0.757 0.141 0418
sgpl130

MMSE -0.079  0.418 -0.030 0.762 0.153 0266  0.124  0.389 -0.164  0.239  -0.150 0.313

MoCA -0.075 0.446  -0.055 0.585 0.093  0.503  0.056  0.697 -0.172 0228  -0.099  0.507
IP-10

MMSE -0.182  0.057  0.009  0.928 -0.074  0.589  0.083  0.564 -0.138  0.319  -0.049 0.743

MoCA -0.160  0.100  0.028  0.781 0.001 0995 0.101 0.482 -0.053  0.708  0.057  0.700
CXCL13

MMSE -0.027 0.780  0.033  0.739 -0.017 0902 -0.071 0.618 -0.175 0205 -0.084  0.569

MoCA -0.119 0223 0.021  0.835 -0.076  0.583  -0.028 0.844 -0.182  0.198  -0.138  0.348
sIL-2Ra

MMSE -0.207  0.030 -0.169  0.089 -0.269  0.045 -0.201  0.158 0.000 0999 -0.043 0.774

MoCA -0.305  0.001 -0.244  0.013 -0.464  0.000 -0.420  0.002 -0.011 0904  0.050 0.735
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6Ckine

MMSE -0.138  0.150 -0.159 0.108 -0.130 0.340 -0.282  0.045 0.022  0.877 0.127  0.390

MoCA -0.104 0285 -0.039  0.694 -0.198  0.147 -0.208  0.143 0.172  0.223 0.258  0.077
CTACK

MMSE -0.064  0.507 -0.120 0.227 0.064 0.639 -0.152 0.285 -0.005 0972 -0.015 0.921

MoCA -0.076 0436 -0.007 0.941 0.061 0.656 0.058 0.684 -0.090 0.526  -0.094 0.527
hsCRP

MMSE 0.057 0.556  0.025 0.802 0.036 0.795 -0.018 0.902 -0.045 0.751 0.023 0.878

MoCA 0.037 0.708  0.045 0.656 -0.094 0500 -0.036 0.803 0.031 0.831 0.219  0.139
IL-8

MMSE 0.111 0.266 0.176 0.089 -0.061  0.665 0.110 0.458 0.172 0.238 0.242 0.118

MoCA 0.182  0.072  0.181 0.080 0.021 0.884  0.011 0.940 0.298 0.042 0.261 0.091
C-peptide

MMSE -0.174  0.073  -0.161 0.110 -0.102 0459 -0.168 0.243 0.188 0.182  0.210  0.161

MoCA -0.130  0.188  -0.080  0.429 -0.112 0418 -0.231  0.107 0.282  0.047 0389  0.008
MCP-1

MMSE 0.048  0.625 0.100 0.323 -0.043 0.754 0.034 0.814 0.064 0.654 0.102 0.501

MoCA 0.104 0.292 0.139 0.168 0.140 0.314 0.139 0.335 0.095 0.512 0.096 0.527
VEGFA

MMSE 0.174  0.071 0.157  0.117 -0.055 0.690 -0.048  0.739 0.115 0414 0.107 0474

MoCA 0.155 0.115  0.134  0.181 -0.064 0.647 -0.216 0.133 0.185 0.195 0.224  0.131
IL-4

MMSE 0.076 0482  0.145 0.192 0.007  0.964  0.031 0.850 -0.048 0.756  0.165 0.315

MoCA 0.146  0.179  0.181 0.103 0.123 0.431 0.110  0.504 0.022  0.888  0.169 0.305
Leptin

MMSE -0.069 0.498 -0.082  0.440 -0.235  0.097 -0.263  0.077 -0.049  0.733 0.041 0.793

MoCA -0.014 0.897 -0.022 0.834 -0.194 0.176  -0.223  0.137 -0.008 0959 -0.140 0.366
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PAI-1

MMSE 0.130  0.187  0.074 0474 -0.132 0346  -0.143  0.332 -0.037 0.797  0.041  0.788

MoCA 0.140 0.162 0.014  0.891 -0.106  0.457  -0.139  0.347 0.067 0.647 -0.078 0.610
NTproBNP

MMSE 0.100 0389 0.132  0.278 -0.081 0.610 0.065 0.703 -0.082  0.638 -0.050 0.797

MoCA 0.076  0.520  0.036  0.768 0.146 0362  0.123  0.469 -0.303  0.087 -0.481 0.008
TIMP-2

MMSE -0.103 0321 -0.117 0.279 -0.027 0.856  -0.206  0.185 -0.225  0.129  -0.064  0.691

MoCA -0.179  0.088  -0.196  0.068 -0.090 0.548 -0.200 0.199 -0.286  0.057 -0.280 0.076
T4 Total

MMSE -0.072  0.496  -0.058  0.593 -0.007 0961 -0.025 0.869 0.034 0.831 -0.079 0.652

MoCA -0.050 0.642 -0.165 0.130 -0.029 0.842 -0.201  0.176 0.034 0.837 -0.125 0.475

Note: MCI + Control = all participants included in the study; MCI = patients with mild cognitive impairment; Control = cognitively
healthy controls; MMSE, Mini-Mental State Exam; MoCA, Montreal Cognitive Assessment; unadjusted, p and p value were obtained
from the Spearman correlation analysis; adjusted, r and p value were obtained from the Partial correlation analysis after adjustment for
age, gender proportion, education level, GDS and GAI scores. Significance (bold values), p < 0.05.

Supplementary Table 2. Assessment results of the risk of having cognitive impairment in
a simple linear regression model across different groups.

MCI + Control MCI Control
Markers
B p value B p value B p value
TNF-a
MMSE -3.512 0.296 1.313 0.769 1.015 0.423
MoCA -3.456 0.491 -2.002 0.762 7.043 0.137
sTNFR 1
MMSE -4.016 0.040 -4.114 0.110 -0.012 0.988
MoCA -8.329 0.005 -10.527 0.009 -0.799 0.770
sTNFR 2
MMSE -1.276 0.648 -1.415 0.678 -0.668 0.648
MoCA -1.685 0.677 -1.212 0.808 -0.734 0.880
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hsIL-6

MMSE 0.751 0.443 0.643 0.631 -0.005 0.989

MoCA -0.415 0.783 -1.849 0.379 0.494 0.703
sgp130

MMSE -1.952 0.453 12.163 0.100 -0.692 0.340

MoCA -3.713 0.348 10.721 0.362 -1.847 0.472
IP-10

MMSE -1.775 0.083 -0.314 0.814 -0.398 0.350

MoCA -2.026 0.200 0.151 0.942 -0.506 0.743
CXCLI13

MMSE -0.027 0.988 -0.183 0.938 -0.428 0.520

MoCA -1.172 0.664 -0.426 0.909 -2.526 0.282
sIL-2Ra

MMSE -4.526 0.013 -5.035 0.057 -0.330 0.619

MoCA -9.713 0.000 -14.545 0.000 -1.027 0.662
6Ckine

MMSE -4.708 0.079 -6.920 0.106 0.601 0.501

MoCA -3.823 0.357 -10.412 0.120 4.682 0.141
CTACK

MMSE -1.088 0.491 0.121 0.959 0.183 0.749

MoCA -0.979 0.685 1.586 0.650 -0.666 0.743
hsCRP

MMSE 0.184 0.651 0.132 0.806 -0.072 0.641

MoCA 0.076 0.904 -0.312 0.713 0.302 0.593
IL-8

MMSE 0.912 0.373 -0.808 0.590 0.460 0.170

MoCA 2.439 0.121 -0.398 0.864 2.260 0.082
C-peptide

MMSE -1.759 0.015 -1.348 0.237 0.305 0.235
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MoCA -2.010 0.072 -2.805 0.117 1.847 0.045

MCP-1

MMSE 0.842 0.596 -2.152 0.334 0.607 0.291

MoCA 3.238 0.211 2.942 0.472 0.878 0.668
VEGFA

MMSE 0.947 0.296 -1.157 0.400 0.223 0.480

MoCA 1.237 0.372 -2.859 0.191 1.134 0.312
IL-4

MMSE 0.883 0.510 -1.728 0.387 0.444 0.349

MoCA 2.162 0.278 -0.387 0.903 1.415 0.424
Leptin

MMSE -0.654 0.327 -1.272 0.137 -0.112 0.677

MoCA -0.533 0.613 -2.041 0.144 1.062 0.284
PAI-1

MMSE 0.852 0.337 -1.403 0.261 0.229 0.856

MoCA 1.373 0.325 -1.811 0.366 0.017 0.961
NTproBNP

MMSE 0.662 0.552 0.471 0.789 -0.207 0.602

MoCA 0.856 0.628 2.643 0.353 -2.133 0.108
TIMP-2

MMSE -1.205 0.447 -0.846 0.723 -0.518 0.352

MoCA -3.442 0.144 -2.062 0.571 -3.762 0.053
T4 Total

MMSE 0.375 0.590 -0.128 0.970 -0.171 0.365

MoCA 0.071 0.946 -5.782 0.279 -0.368 0.578

Note: Dependent variable: MMSE or MoCA scores; B, regression coefficients; SE, standard error; MCI
+ Control = all participants included in the study; MCI = patients with mild cognitive impairment;
Control = cognitively healthy controls; MMSE, Mini-Mental State Exam; MoCA, Montreal Cognitive
Assessment. Significance (bold values), p < 0.05.
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