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ARTICLE INFO ABSTRACT

Keywords: Although exercise is an effective way to decrease the risk of developing Alzheimer's disease, the biological basis
Mild cognitive impairment for such benefits from the different exercise modes remains elusive. The present study thus aimed (i) to in-
Cognition vestigate the effects of acute aerobic or resistance exercise on neurocognitive performances and molecular
Neurotrophin

markers when performing a cognitive task involving executive functioning in older adults with amnestic mild
cognitive impairment (aMCI), and (ii) to explore relationships of acute exercise-induced neurocognitive changes
with changes in circulating levels of neuroprotective growth factors (e.g., BDNF, IGF-1, VEGF, and FGF-2, col-
lectively termed ‘exerkines’), elicited by different acute exercise modes. Sixty-six older adults with aMCI were
recruited and randomly assigned to an aerobic exercise (AE) group, a resistance exercise (RE) group, or a non-
exercise-intervention (control) group. The behavioral [i.e., accuracy rate (AR) and reaction time (RT)] and
electrophysiological [i.e., event-related potential (ERP) P3 latency and amplitude collected from the Fz, Cz, and
Pz electrodes] indices were simultaneously measured when participants performed a Flanker task at baseline and
after either an acute bout of 30 min of moderate-intensity AE, RE or a control period. Blood samples were taken
at three time points, one at baseline (T1) and two after an acute exercise intervention (T2 and T3: before and
after cognitive task test, respectively). The results showed that the acute AE and RE not only improved beha-
vioral (i.e., RTs) performance but also increased the ERP P3 amplitudes in the older adults with aMCI. Serum
FGF-2 levels did not change with acute aerobic or resistance exercise. However, an acute bout of aerobic exercise
significantly increased serum levels of BDNF and IGF-1 and tended to increase serum levels of VEGF in elderly
aMCI individuals. Acute resistance exercise increased only serum IGF-1 levels. However, the exercise-induced
elevated levels of these molecular markers returned almost to baseline levels in T3 (about 20 min after acute
exercise). In addition, changes in the levels of neurotrophic and angiogenic factors were not correlated with
changes in RTs and P3 amplitudes. The present findings of changes in neuroprotective growth factors and
neurocognitive performances through acute AE or RE suggest that molecular and neural prerequisites for ex-
ercise-dependent plasticity are preserved in elderly aMCI individuals. However, the distinct pattern of changes in
circulating molecular biomarkers induced by two different exercise modes in aMCI elderly individuals and the
potentially interactive mechanisms of the effects of BDNF, IGF-1, and VEGF on amyloid-p provide a basis for
future long-term exercise intervention to investigate whether AE relative to RE might be more effective in
prevention/treatment of an early stage neurodegenerative disease.

Exercise

* Corresponding authors at: National Cheng Kung University, No. 1 University Road, Tainan 701, Taiwan.
E-mail addresses: andytsai@mail.ncku.edu.tw (C.-L. Tsai), pair@mail.ncku.edu.tw (M.-C. Pai).
1 Authors sharing the last authorship.

http://dx.doi.org/10.1016/j.nicl.2017.10.028

Received 11 April 2017; Received in revised form 9 October 2017; Accepted 28 October 2017

Available online 31 October 2017

2213-1582/ © 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/22131582
https://www.elsevier.com/locate/ynicl
http://dx.doi.org/10.1016/j.nicl.2017.10.028
http://dx.doi.org/10.1016/j.nicl.2017.10.028
mailto:andytsai@mail.ncku.edu.tw
mailto:pair@mail.ncku.edu.tw
http://dx.doi.org/10.1016/j.nicl.2017.10.028
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nicl.2017.10.028&domain=pdf

C.-L. Tsai et al.

1. Introduction

Mild cognitive impairment (MCI) is a clinical syndrome which is
proposed as a transitional stage from normal aging to dementia
(Espinosa et al., 2013), with the high-risk rate of developing to de-
mentia being about 10 to 54% within one year, and to Alzheimer's
disease (AD) about 10-15% per year (Morris et al., 2001; Petersen
et al., 1999). Despite an increased risk of developing dementia/AD,
cognition can be preserved or even improved in MCI (Amieva et al.,
2004; Fisk et al., 2003). Strategies for prevention and/or delay of
progression of MCI into dementia/AD thus need to be examined and
implemented, since no curative treatment for this neurodegenerative
disease currently exists.

The potential mechanisms of age-associated declines in cognitive
functions can be attributed to sedentary lifestyle (Kimura et al., 2013),
and/or a reduced ability to secrete neurotrophic [e.g., insulin-like
growth factor 1 (IGF-1) and brain-derived neurotrophic factor (BDNF)]
(Carro et al., 2002; Sonntag et al., 2005; Wolf et al., 2006) and an-
giogenic factors [e.g., vascular endothelial growth factor (VEGF) and
fibroblast growth factor 2 (FGF-2)] (Wolf et al., 2006). The earliest,
prodromal stages of dementia (i.e., MCI) are accompanied not only by
apparently progressive degeneration of the hippocampus, but also by
age-related attenuated neuropil and loss of synaptic connections (Morra
et al., 2009). Exercise-induced neuroprotective growth (e.g., BDNF and
IGF-1) and pro-angiogenic (e.g., VEGF and FGF-2) factors, collectively
called exerkines, have been shown to promote neuronal survival, de-
velopment, differentiation, proliferation and growth (Bibel and Barde,
2000; Park and Poo, 2013), and to mediate functional and structural
changes in the hippocampus (Cotman et al., 2007; Maass et al., 2016;
Wolf et al., 2006). Circulating exerkines are necessary for exercise-in-
duced adult hippocampal neurogenesis (Fabel et al., 2003; Wolf et al.,
2006). Previous studies demonstrated that decreased expression of the
BDNF gene in the hippocampus may contribute to the progression of
cell death in AD (Phillips et al., 1991). The parietal cortex and hippo-
campus of individuals with MCI (Peng et al., 2005) or AD (Peng et al.,
2005; Phillips et al., 1991) contain less BDNF precursor and mature
BDNF mRNA and protein, and circulating BDNF is reduced in AD (Laske
et al., 2007; Yasutake et al., 2006). Patients with AD also showed sig-
nificantly lower circulating IGF-1 (Murialdo et al., 2001), which is re-
ported to act as a neuroprotective trophic factor in both in vivo and in
vitro models of AD (Aguado-Llera et al., 2005; Carro and Torres-
Aleman, 2004). Moreover, levels of IGF-1 have been found to correlate
positively with hippocampal volume (Maass et al., 2016), while low
serum IGF-1 is linked to increased AP accumulation in mutant mice,
and higher serum IGF-1 increased clearance of the brain AP in rats
(Carro et al., 2002; Arvat et al., 2000). Cerebrovascular alterations are
often observed in MCI (DeCarli et al., 2004). AD has also been sug-
gested to be an angiogenesis-dependent disorder (Vagnucci and Li,
2003). Compared to patients with healthy subjects, a significant de-
crease in serum VEGF was found in AD patients (Solerte et al., 2005).
Likewise, reduced circulating levels of FGF-2 by middle age are likely
the cause of aging of hippocampus (Shetty et al., 2005). Collectively,
perturbations of the secretion of these exerkines are likely associated
with the progression of AD neuropathology.

Executive functions are associated with the quality of life and ability
to perform daily living tasks in patients with neurodegenerative dis-
eases (Luks et al., 2010). Attentional control and response interference/
inhibition are executive functions involved in self-monitoring to de-
termine the appropriate behavior and goal-driven allocation of atten-
tion towards the processing of task-relevant stimuli and responses (Luks
et al., 2010). Recently, older adults with MCI relative to healthy con-
trols have been found to show deficits in attentional control and re-
sponse interference/inhibition (Wang et al., 2013; Wylie et al., 2007).
However, clinically, the cognitive reserve hypothesis has been estab-
lished for the onset and progression of the disease (Fratiglioni et al.,
2004), suggesting that a trained brain has a larger cognitive reserve to
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compensate for AD neuropathology than an inactive one (Wolf et al.,
2006).

A large body of literature has documented that physical exercise is a
promising nonpharmacological intervention to retard cognitive aging.
Potential neurobiological mechanisms include exercise-induced ex-
erkines (Cotman et al., 2007; Gomez-Pinilla et al., 1997; Tsai et al.,
2015), which could be associated not only with cerebral plasticity and
neurogenesis, but also with angiogenesis to make the brain more re-
sistant to structural and functional neurodegeneration (van Praag et al.,
2005; Voss et al., 2013). Indeed, Voss et al. (2013) demonstrated that
exercise-induced changes in circulating growth factors (e.g., BDNF, IGF-
1, and VEGF) were related to increases in temporal lobe functional
brain connectivity in the elderly. Acute exercise can increase circulating
BDNF, IGF-1 and VEGF in healthy persons (Bang et al., 1990; Correia
et al., 2010; Rojas Vega et al., 2010; Schobersberger et al., 2000). In
animal studies, FGF-2 expression can be regulated by short-term phy-
sical exercise to enhance cognitive function (Gomez-Pinilla et al., 1997,
1998). However, consensus has not yet been reached concerning the
effects of acute exercise on circulating levels of these exerkines in the
elderly with pathology. Older individuals with MCI have lower physical
fitness (Tsai et al., 2016a), and physical activity is strongly associated
with exercise-induced systemic release of these exerkines (Wolf et al.,
2006). Accordingly, more work is needed to explore the hypothesis that
the amount of exerkines could be effectively increased via physical
exercise in MCI individuals who could have deficiencies in their se-
cretion.

Recent studies found that older MCI adults who regularly partici-
pated in physical exercise showed immediate recall improvement and
reduced whole brain cortical atrophy (Suzuki et al., 2013), which could
be associated with reduced cholesterol and increased BDNF (Suzuki
et al., 2013). Likewise, Baker et al. (2010) found that a six-month
aerobic exercise intervention had beneficial effects on cognition in in-
dividuals with amnestic MCI (aMCI). These studies suggest that al-
though executive functions decrease in older MCI adults (Bennys et al.,
2007; Cespon et al., 2015), they still exhibit cognitive and neural
plasticity and physical exercise seems to play a protective role by at-
tenuating the progression of cognitive impairments in MCI.

A growing number of studies confirm the beneficial effects of
aerobic exercise on the behavioral performance of older MCI adults
(Baker et al., 2010; ten Brinke et al., 2015). Resistance exercise is also
increasingly recommended as an alternative to reduce dementia risk
(Ahlskog et al., 2011; Portugal et al., 2015). However, too few studies
have been specifically conducted on this to draw sufficient conclusions.
In fact, both aerobic and resistance exercise can employ divergent
molecular mechanisms to facilitate cognition (Cassilhas et al., 2012),
indicating that the neural benefits of exercise might depend on the
exercise mode adopted. The first purpose of this work was thus to ex-
amine the effects of acute aerobic or resistance exercise on the neuro-
cognitive performance and molecular changes in older persons with
aMCI. In addition, several reports over the past decade demonstrated
electrophysiological impairments in aMCI patients (Bennys et al., 2007;
Cid-Fernandez et al., 2014; Tsai et al., 2016a), and exercise-induced
peripheral growth factors are strongly associated with cognition/
clearance of brain AP and, importantly, can be up-regulated by physical
exercise (Carro et al., 2002; Fabel et al., 2003; Gomez-Pinilla et al.,
1997). However, their role in acute-exercise-induced changes in neu-
rocognitive performance in aMCI is still not clear. Therefore, the second
purpose of this study was to investigate whether the circulating levels of
exerkines are related to any exercise-induced neurocognitive changes.
Since acute bouts of exercise could facilitate neurocognitive perfor-
mance in older adults (Kamijo et al., 2009), and significantly increase
circulating levels of exerkines, as mentioned above, we hypothesized
that acute aerobic and resistance exercise would improve deficits of the
executive functions, paralleled by an increased production of exerkines,
which would be linked to changes in neurocognitive performance.
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2. Methods
2.1. Participants

Sixty-six older adults (60 to 80 years) with amnestic MCI (aMCI)
were recruited using a standardized clinical protocol from the
Alzheimer's Disease Research Center, National Cheng Kung University
Hospital. After baseline measurements as mentioned below, they were
randomly assigned to either an aerobic exercise (AE, n = 25), a re-
sistance exercise (RE, n = 21) or a control group (n = 20). The clinical
inclusion criteria for the participants with aMCI were as follows while
stratifying for age and gender (Petersen, 2004; Petersen et al., 1999;
Suk et al., 2014; Tsai et al., 2016a): (1) subjective memory complaints
confirmed by family members; (2) objective memory impairment for
age; (3) a Clinical Dementia Rating (CDR) of 0.5; (4) Mini-Mental State
Examination (MMSE) score > 24 (Folstein et al., 1975); (5) absence of
significant levels of impairment in other cognitive domains (e.g., at-
tention, language, orientation, and abstraction), as assessed by the
Cognitive Abilities Screening Instrument (CASI) (Teng et al., 1994); (6)
largely intact functional activities of daily living; (7) no brain ab-
normalities (e.g., stroke and malignant brain tumors) seen via structural
MRI scans; (8) an absence of dementia; and (9) non-depressed, with a
score of < 13 on the Beck Depression Inventory, 2nd edition (BDI-II)
(Beck et al., 1996). Single photon emission computed tomography
(SPECT) for functional examinations and computed tomography (CT)
for structural brain examinations were performed when more in-
formation was needed to confirm the diagnosis. All participants were
right-handed according to the Edinburgh Handedness Inventory
(Oldfield, 1971), with normal or corrected-to-normal vision based on
the minimal 20/20 standard, and without a history of current psy-
chiatric illnesses, substance abuse or addiction, anti-dementia medi-
cine, significant cerebrovascular and metabolic diseases, musculoske-
letal impairment, or other significant neurological disorders. The
demographic characteristics of the three groups are summarized in
Table 1. Written informed consent, as approved by the Institutional
Ethics Committee of National Cheng Kung University Hospital, was
obtained from all the participants.

2.2. Experimental procedure

The primary interest was to investigate the effects of acute exercise
on neurocognitive performance and on systemic neuroprotective signals

Table 1
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(exerkines). The experimental procedure is shown in the flowchart
presented in the Fig. 1. Two visits to the cognitive neurophysiology
laboratory were required for all participants. On the first visit, the ex-
perimental procedure was explained, and an informed consent form, a
medical history and demographic questionnaire, MMSE, DBI-II, social
participation, and a handedness inventory were completed by the
participants. Working memory span was estimated using the digit span
component of the Wechsler-IV Adult intelligence test (Wechsler, 2008).
To provide sufficient preactivity screening to lower potential risk fac-
tors before the acute exercise intervention, the participants' previous
levels of physical activity were assessed using a seven-day physical
activity recall questionnaire (7-day PAR) (Sallis et al., 1985) and Phy-
sical Activity Readiness Questionnaire (PARQ) (Thomas et al., 1992).
Their height and weight were also measured to calculate their body
mass index (BMI). Two certified fitness instructors then completed all
assessments of functional physical fitness (Rikli and Jones, 2012). The
Rockport Fitness Walking Test (Kline et al., 1987) was adopted to es-
timate the participants' VOopax, in which they were required to walk
one mile as quickly as possible, with their heart rate (HR) being con-
tinuously recorded using a Polar heart rate (HR) monitor (RX800CX,
Finland). For the RE group, one repetition maximum (1-RM) and peak
muscle power for each participant were assessed, and all the partici-
pants were asked to become familiarized with the use of free weights
and bodybuilding machines before the acute resistance exercise inter-
vention.

Before the second visit in the same week, the participants were
asked to arrive at the laboratory at about 8:30-9:30 am to control for
circadian influences. They were also required to refrain from strenuous
exercise for at least 24 h, and smoking, food, caffeine and alcohol intake
were also prohibited for at least 12 h, since these factors could be as-
sociated with increases in P3 amplitude (Dixit et al., 2006; Geisler and
Polich, 1990) and molecular makers (Wu, 2014). When arriving at the
laboratory with an acoustically shielded room with dimmed lights, each
participant was fitted with a Polar HR monitor (RX800CX, Finland),
and was then asked to sit in an adjustable chair in front of an IBM-
compatible computer with a 43-cm digital display computer screen,
with the viewing distance being approximately 75 cm. An electro cap
and electro-oculographic (EOG) electrodes were attached to his/her
scalp and face before the cognitive test. Body temperature (BT) and
resting HR (HR,.s;) were measured. After 20 practice trials to help the
participants become familiar with the rules of the cognitive task, blood
was withdrawn and then the formal cognitive test was immediately

Demographic characteristics (Mean + SD) of the two exercise intervention [i.e., aerobic exercise (AE) and resistance (RE)] groups and one non-exercise-intervention (control) group.

AE (n = 25) RE (n = 21) Control (n = 20) p
Age (years) 65.48 = 7.53 66.05 = 6.64 64.50 *+ 6.95 0.780
Gender (male/female) 11/14 9/12 8/12 0.327
Height (cm) 160.60 *= 7.85 158.85 + 8.51 159.74 + 8.81 0.780
Weight (kg) 62.13 += 13.60 62.11 = 12.12 61.40 = 12.98 0.978
Body mass index (kg/m?) 23.83 * 3.20 24.48 *+ 3.19 23.84 * 3.06 0.740
Education (years) 12.20 = 3.20 11.81 + 3.43 11.85 + 2.82 0.898
Systolic pressure (mmHg) 123.64 = 15.09 129.00 = 19.45 128.55 = 17.17 0.502
Diastolic pressure (mmHg) 76.84 = 10.27 78.76 = 11.00 76.95 *+ 9.99 0.794
MMSE 26.96 *+ 1.21 26.76 = 1.38 27.00 * 1.59 0.837
BDI-II 6.80 = 4.08 5.29 + 5.08 7.5 = 412 0.266
Social participation 10.08 + 2.33 10.52 + 2.71 11.05 + 2.76 0.463
Working memory span 19.20 + 1.78 20.38 = 1.75 19.90 + 2.17 0.113
7-day PAR (Kcal/d) 1779.80 = 392.18 1862.67 + 455.42 1847.85 = 377.09 0.763
Grip (kg) 28.88 + 10.43 29.57 = 10.75 26.98 = 9.55 0.705
Back scratch (cm) —5.00 + 10.36 —4.14 * 9.43 0.28 + 8.28 0.158
Chair sit-and-reach (cm) 5.42 + 11.23 5.19 + 8.11 5.90 + 9.44 0.972
Arm curl (number) 20.04 = 6.18 19.24 + 5.89 18.00 + 5.84 0.527
8-foot up-and-go (sec) 6.21 = 0.95 6.30 = 1.42 6.81 = 1.50 0.267
Chair stand (sec) 17.16 + 4.84 16.38 + 4.39 15.60 + 5.09 0.555
VO2max (mL/kg/min) 24.92 *+ 5.05 23.56 = 4.62 24.56 = 3.43 0.579

AE: aerobic exercise; RE: resistance exercise; MMSE, mini mental state examination; BDI, Beck depression inventory.
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| 75 patients with aMCI screened for eligibility |
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Fig. 1. Flowchart of the study.

Participants randomly assigned to either an aerobic exercise (AE), a
resistance exercise (RE) or a control group after baseline measurements

9 participants (4 in RE group and 5 in control group) declined for participation after randomization

l l

| AE group (n=25)] | RE group (n=21) |

| Control group (n=20) |

Completed the baseline assessment

(Demographic data, behavior, ERP, and the 15 blood sampling)

l

’ RE intervention |

|

.

| AE intervention |

|

| The 2" blood sampling

l

| Behavior and ERP measurements

l

| The 3" blood sampling

administered, with the subjects' electrophysiological signals being re-
corded. Both AE and RE groups then performed approximately 40 min
of acute aerobic and resistance exercise, respectively. Since exercise-
induced hyperthermia and tachycardia are associated with P3 mod-
ifications (Geisler and Polich, 1990), BT and HR were measured every
2 min after the acute exercise interventions. Once the participants' BT
and HR had returned to within 10% of baseline levels (on average about
5 min after a bout of acute exercise), blood was immediately withdrawn
from each participant, and he/she then completed the cognitive task
along with electrophysiological recording. With regard to the control
group, after the first cognitive test these individuals took a rest of about
45 min, during which they read magazines, and then they took the
cognitive test again. Additional blood samples were immediately taken
after the participants had completed the second cognitive task test
(about 20 min after acute exercise).

2.3. Acute exercise prescriptions

The seat on the bicycle ergometer was adjusted according to the
participant's height before the acute aerobic exercise. After a five-min
warm-up, the participant performed a 30-min bout of exercise at
moderate intensity, corresponding to 65-75% of the individual target
heart rate reserve (HRR), as determined for each individual from the
HR,es; and HRox (i.e., 220-age), and then a five-min cool down was
performed.

With regard to the acute resistance exercise, after a five-min warm-
up, the RE group performed an approximately 30-min bout of mod-
erate-intensity (75% 1RM) exercise on the bodybuilding machines and
free weights, and then a five-min cool down. The core resistance ex-
ercise content consisted of the following exercises in the order stated:
biceps curls, triceps extensions, bench presses, leg presses, leg exten-
sions, and vertical butterflies. The participants in the RE group per-
formed the resistance exercise for two sets of 10 repetitions, at an
average speed, with a 90-second rest between sets, and a two-minute
interval between each different exercise. The warm-up and cool-down
included slow-paced walking and active mobility exercises for the joints
of all four limbs.

2.4. The cognitive task

The Flanker task was used to assess the participants' executive
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function, since older adults with MCI show a deficit when performing
the cognitive task (Wang et al., 2013; Wylie et al., 2007). Such a cog-
nitive task was programmed using E-prime software (www.pstnet.com;
Psychology Software Tools, Inc.), and implemented on a computer
screen positioned so that the stimuli appeared at eye level. The total
width of the five arrows is 4.2 cm, and each arrow has the same height
of 2.2 cm and is separated by a space of 0.05 cm. Each stimulus array
was thus presented foveally, and consisted of white arrows pointing in
the left or right direction against a black background. Each array con-
sisted of a row of five arrows, a target arrow located in the center lo-
cation, and two distractor stimuli (i.e., flankers) located on each side of
the target arrow. The participants were required to identify the direc-
tion of the central target arrow flanked by incongruent or congruent
stimulus arrays. They had to respond as quickly and accurately as
possible by pressing a right/left button on a response box corresponding
to the direction of the center arrow (left or right). The responses to the
stimuli were registered via the response box designed to interface with
E-prime software. The Flanker task consisted of three conditions: (i) a
congruent condition (45%), in which all flankers point in the same
direction as the target arrow, (ii) an incongruent condition (45%), in
which the target arrow is flanked by arrows pointing in the opposite
direction on each side, (iii) a neutral condition (10%), in which the
target arrow is flanked by the “+” symbol. The cognitive task was se-
parated into three blocks, with 100 stimuli for each block. The three
conditions were placed in a random order.

A trial commenced with a three-second countdown followed
1000 ms later by the presentation of a white fixation cross in the center
of the computer screen. The cross was removed after 500 ms, and re-
placed by a stimulus array that remained on the screen until the par-
ticipant made a response. In the case of no response, the maximal inter-
trial interval occurred after a period of 2 s following the stimulus array,
and in such cases the computer program noted that there was a lack of
response and started a new trial. If the participant responded within 2 s,
the stimuli disappeared and then the screen remained blank for 750 ms
until a white fixation cross appeared to signal the beginning of a new
trial. Therefore, the inter-trial interval from stimuli to stimuli was
variable.

2.5. Electrophysiological recording and analysis

Electroencephalographic (EEG) activity was measured through 18
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Ag/AgCl sintered electrode sites (F7, F8, F3, F4, Fz, T3, T4, C3, C4, Cz,
T5, T6, P3, P4, Pz, 01, 02, and Oz) embedded in an elastic electro cap
(Quik-Cap, Compumedics Neuroscan, Inc., El Paso, TX, USA) according
to the International 10-20 System, referenced to linked mastoid elec-
trodes, with AFz placed on the mid-forehead serving as the ground
electrode. The skin impedance was kept below 5 kQ. To monitor pos-
sible artifacts due to eye movements, the adhesive ocular electrodes
placed on the supero-lateral right canthus and below and lateral to the
left eye connected to the system reference to obtain horizontal and
vertical bipolar electrooculographic (i.e., HEOG and VEOG) activity for
eye movements. The raw EEG signals were recorded with an A/D rate of
500 Hz/channel, a band-pass filter of 0.1-50 Hz, and a 60 Hz notch
filter, and continuously written to a hard disk for off-line analysis using
SCAN4.3 analysis software and amplified by a SynAmps amplifier
(Compumedics Neuroscan, Inc., El Paso, TX, USA).

The ERP epoch for averaging was 900 ms, including 200 ms pre-
stimulus to 700 ms post-stimulus onset. During the recording epoch,
trials containing response errors and ocular artifacts were also dis-
carded from further analysis, with a threshold of 100 uV in the VEOG,
HEOG, and electromyogram being set for this. The remaining effective
ERPs data was assembled across epochs according to congruent and
incongruent conditions. Since executive functions involving in atten-
tional control processes (e.g., Flanker task) are mediated by a large-
scale network involving frontal and parietal systems (Miller and Cohen,
2001), the stimulus-elicited P3 component was distinguished across the
three electrodes (i.e., Fz, Cz, and Pz), with correction for differences in
the 200 ms pre-stimulus baseline. Latencies were defined as the time
point of the maximal amplitude within the latency window for every
participant. P3 mean amplitudes were calculated for the time-window
between 300 and 700 ms post-stimulus. The results were equivalent for
the ERP elicited by all conditions and participants.

2.6. Blood sampling and analysis

A 10-mL blood sample were obtained from the antecubital vein via
an aseptic technique at three time points (T1: before the 1st cognitive
task test; T2: before the 2nd cognitive task about 5 min after acute
exercise; and T3: immediately after the 2nd cognitive task test) by a
qualified phlebotomist. The blood samples were withdrawn for analysis
of serum BDNF, IGF-1, VEGF, and FGF-2 levels. Blood samples were
obtained via an indwelling catheter located in a forearm vein during the
T2 and T3 time points, with sterile saline to flush the catheter to pre-
vent clot formation. The catheter was cleared of saline prior to each
sample collection. The blood samples were kept at room temperature to
allow for clotting (BD Vacutainer Plus), and then centrifuged at
3000 rpm for 15 min at 4 °C (Hettich Mikro 22R, C1110). Samples were
harvested, aliquoted, and stored at — 80 °C for further serum marker
assays. The levels of serum BDNF, IGF-I, VEGF and FGF-2 were ana-
lyzed by Human Cytokine Antibody-Immobilized Magnetic beads
(Millipore, Billerica, MA, USA). Measurements were performed on a
Luminex 200 analyzer (Luminex, Austin, TX, USA). The whole proce-
dure for the determination of the four molecular markers was per-
formed by the same person to avoid inter-operator bias.

2.7. Data processing and statistical analysis

With respect to the behavioral performance, the participants' ac-
curacy rates (ARs) and reaction times (RTs) were measured and ana-
lyzed. Trials with a response error or RTs shorter than 200 ms or longer
than 1500 ms, which were regarded as anticipatory or delay errors,
respectively, were excluded from the RT and ERP analysis. This time
window was able to exclude all responses greater than two standard
deviations from the mean response of each group, thereby excluding
outliers that could skew the group means. The neutral condition was
excluded, since the total number of trials was not sufficient to average
the ERP components, and this study is concerned with the response
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interference/inhibition. No participant exceeded a 20% error rate.
Therefore, the percentage of trials available for further ERP analysis
was above 75% (i.e., at least 101 trials) in the congruent and incon-
gruent conditions.

All independent variables for the neurocognitive (i.e., behavioral
and electrophysiological) performance were separately analyzed using
a mixed design, factorial, and repeated-measures analysis of variance
(RM ANOVA). The ARs and mean RTs of accepted trials were submitted
separately to a 3 (Group: AE vs. RE vs. Control) X 2 (Time: pre-exercise
vs. post-exercise) X 2 (Condition: congruent vs. incongruent)
RM-ANOVA. P3 components from ERP recordings were submitted se-
parately to a 3 (Group: AE vs. RE vs. Control) X 2 (Time: pre-exercise vs.
post-exercise) X 2 (Condition: congruent vs. incongruent) X 3
(Electrode: Fz vs. Cz vs. Pz) RM—ANOVA. All biochemical markers were
submitted separately to a 3 (Group: AE vs. RE vs. control) x 3 (Time: T1
vs. T2 vs. T3) RM-~ANOVA. Where a significant difference occurred,
posterior comparisons of the mean values were performed by paired
multiple comparisons (adjusted using the Bonferroni correction).
Homogeneity and normality of variance assumptions were confirmed
by Levene's and Kolmogorov-Smirnov tests, respectively. The sig-
nificance levels of the F ratios were adjusted with the Greenhouse-
Geisser correction for the violation of the assumption of sphericity
when the degrees of freedom were more than one. The effect size,
partial 1 (17,%), was used for the group comparison to complement the
significance testing, with the following conventions used to determine
the magnitude of the mean effect size: < 0.08 representing a small ef-
fect, 0.08 to 0.139 a medium effect, and > 0.14 a large effect. The
relations between molecular markers and the neurocognitive perfor-
mances at baseline across the three groups, and the changes in the
biochemical markers and the neurocognitive performances from T1 to
T2 time points, were examined with the Pearson product-moment
correlation. A level of p < 0.05 was accepted as statistically sig-
nificant.

3. Results
3.1. Demographic characteristics

As seen in Table. 1, three groups were matched at the group level on
socio-demographic variables (e.g., age range, height, weight, BMI,
systolic and diastolic pressure, years of education, and social partici-
pation) (all ps > 0.05). A chi-square analysis failed to reveal any sig-
nificant gender distribution difference among the three groups. The
BDI-II, MMSE, and senior functional physical fitness scores also re-
vealed non-significant differences across the three groups.

3.2. Behavioral indices

3.2.1. Accuracy rate (AR)

The RM ANOVA on the ARs only revealed significant main effects of
Condition [F(1, 63) = 41.89, p < 0.001, np2 = 0.40]. Post-hoc ana-
lyses indicated that the ARs for the congruent condition (98.1%) were
higher than those for the incongruent one (96.5%) for all three groups.
Neither significant main effects of Group and Time, nor significant in-
teractions between Group, Condition, and Time (ps > 0.30 in all cases),
were obtained.

3.2.2. Reaction time (RT)

As illustrated in Fig. 2, the RM ANOVA on the RTs revealed sig-
nificant main effects of Time [F(1, 63) = 4.65, p = 0.035, npz = 0.07]
and Condition [F(1, 63) = 244.22, p < 0.001, npz = 0.80]. Post-hoc
analyses indicated that the post-exercise RTs (607.10 ms) were faster
than pre-exercise ones (621.11 ms) across the three groups and two
conditions, and the RTs for the incongruent condition (648.67 ms) were
longer than those for the incongruent one (579.54 ms) for all three
groups. These main effects were superseded by the Time x Group [F(2,
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Fig. 2. Behavioral RTs (ms) in congruent and incongruent conditions (Mean * SE) for
the aerobic and resistance exercise groups before and after an acute bout of exercise
intervention and control group before and after rest. (*p < 0.05).

63) = 4.58, p = 0.014, ’1p2 = 0.13] and Group x Condition [F(2, 63)
= 3.79, p = 0.028, npz = 0.11] interactions. Post-hoc analyses for the
Time X Group interaction indicated that the post-exercise RTs were
faster than the pre-exercise ones across two conditions for the AE [pre-
exercise VS. post-exercise: 625.89 + 105.49 ms VS.
592.81 * 71.42ms; t(24) = 2.39, p = 0.25] and RE [pre-exercise vs.
post-exercise: 622.93 = 120.87 ms vs. 600.68 *= 117.07 ms; t(20)
= 2.44, p = 0.24] groups.

3.3. Electrophysiological indices

3.3.1. P3 latency

As shown in Fig. 3, the RM ANOVA on the P3 latency revealed
significant main effects of Condition [F(1,62) = 39.62, p < 0.001,
ny2 = 0.39] and Electrode [F(2124) = 3.62, p = 0.030, 5,2 = 0.06].
Post-hoc analyses indicated that P3 latency showed significantly earlier
in the congruent condition (516.23 ms) than in the incongruent con-
dition (554.66 ms), and significantly earlier for the Fz electrode
(529.41 ms) than for the Pz electrode (541.64 ms). Neither significant
main effects of Group and Time, nor other significant interactions, were
obtained.

3.3.2. P3 amplitude

The RM ANOVA performed on the P3 amplitudes showed the main
effects of Time [F(1,63) = 25.49,p < 0.001, ;11,2 = 0.29] and Electrode
[F(2126) = 26.08, p < 0.001, 5,° = 0.16], suggesting that P3 ampli-
tude was significantly larger post-exercise (9.47 pV) than pre-exercise
(7.99 uV), and significantly larger for the Cz (9.53 pV) electrode than
for the Fz (8.39 uV) and Pz (8.27 uV) electrodes. The interactions of
Time X Group [F(2,63) = 7.41, p = 0.001, ;1[,2 = 0.19],
Time X Group X Electrode [F(4126) = 2.67, p = 0.035, npz = 0.08],
and Time X Group X Condition X Electrode [F(4126) = 4.12,
p = 0.004, 7,> = 0.12] were also significant. Post-hoc analysis showed
that the P3 amplitudes were significantly larger post-exercise than pre-
exercise at all electrodes and conditions in the AE and RE groups (al-
most all ps < 0.007), except the post-exercise P3 amplitude (8.37 pV)
relative to pre-exercise one (7.66 uV) did not achieve significance in the
congruent condition at the Pz electrode in the RE group (p = 0.286).
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Fig. 3. Grand averaged ERP waveforms (Fz, Cz, and Pz) in the congruent and incongruent conditions for the aerobic and resistance groups before and after an acute bout of exercise intervention and for the control group before and after rest.

(Yellow marks denote significant differences between pre- and post-exercise.)
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3.4. Circulating molecular markers

3.4.1. Brain-derived neurotrophic factor (BDNF)

As seen in Fig. 4, there were a significant effect of Time [F(2126)
= 5.23, p = 0.005, ;,> = 0.08] and a significant effect of Group X -
Time [F(4126) = 2.54, p = 0.043, ”pz = 0.08] on BDNF levels. Post-
hoc analyses revealed that no significant differences in the BDNF levels
were observed between three groups at the T1 and T3 time points; the
BDNF levels at the T2 time point approach significance (p = 0.069)
across the three groups, with higher levels in the AE group as compared
to the Control group (p = 0.063); in the AE group, the BDNF level was
found to increase significantly at the T2 relative to the T1 time point
(T1 vs. T2: p = 0.001), and decrease significantly at the T3 relative to
the T2 time point (p = 0.009).

3.4.2. Insulin-like growth factor-1 (IGF-1)

There were a significant effect of Time [F(2126) = 8.32,
p < 0.001, 11p2 = 0.12] and a significant Group X Time effect [F
(4126) = 2.55, p = 0.042, np2 = 0.08] on IGF-1 levels. Post-hoc ana-
lyses revealed that no significant differences were found for the T1, T2,
and T3 time points across the three groups; in the AE group, the serum
IGF-1 level was found to increase significantly at T2 relative to T1
(p = 0.032), and there was an approaching significant decrease at T3
relative to T2 (p = 0.064); in the RE group, the serum IGF-1 level was
found to increase significantly at the T2 relative to T1 (p = 0.005), and
to decrease significantly at T3 relative to T2 (p = 0.001).

3.4.3. Vascular endothelial growth factor (VEGF)

Only the effect of the Group x Time interaction [F(4126) = 2.16,
p = 0.078, r]pz = 0.06] was marginally significant for VEGF levels.
Post-hoc analyses revealed that in the AE group there was a trend to-
wards increased levels of serum VEGF at T2 relative to T1 (p = 0.050).

3.4.4. Fibroblast growth factor 2 (FGF-2)
Neither significant main effects of Group and Time, nor a significant
Group X Time interaction, were obtained.

3.4.5. Correlations between neurocognitive performances and molecular
markers

There were almost no significant correlations among the BDNF, IGF-
1, VEGF, and FGF-2 levels and behavioral (i.e., ARs and RTs) and
electrophysiological (i.e., P3 latency and amplitude) performances be-
fore and after acute exercise across the three groups, except for the
significant correlation between P3 latency and IGF-1 levels at T2
(r = —0.30; p = 0.017), and the approaching significant correlations
between RTs and BDNF levels at baseline (r = — 0.23; p = 0.065) and
P3 latency and IGF-1 levels at T3 (r = — 0.23; p = 0.071) (see Fig. 5).
In addition, no significant correlations emerged among the changes in
RTs and P3 amplitudes and the changes in the levels of the BDNF, IGF-
1, and VEGF with acute exercise (T2 vs. T1) in the AE and RE groups.

4. Discussion

The present study assessed the different effects of acute aerobic and
resistance exercise on neurocognitive performance and neuroprotective
growth factors (i.e., exerkines) in older adults with aMCI, and in-
vestigated the relationship between changes in neurocognitive perfor-
mance and exerkines induced by the two exercise modes. Although the
older aMCI adults did not show significantly improved ARs, possibly
due to high performance before the exercise intervention when per-
forming the Flanker task, as seen in previous works (Luks et al., 2010;
Wrylie et al., 2007), acute aerobic or resistance exercise could still affect
neurocognitive performance (e.g., RTs and P3 amplitude). Additionally,
acute aerobic exercise significantly increased serum BDNF and IGF-1
levels (with a trend towards an increase in the VEGF levels), while acute
resistance exercise only significantly increased serum IGF-1 levels in the
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Fig. 5. Scatterplots of the relationship between neurocognitive performance and circulating molecular markers in the Flanker task in all participants.
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older adults with aMCI. This suggests that the two exercise modes might
have distinct effects on these neuroprotective growth factors in aMCI.
However, correlations between changes in serum BDNF, IGF-1, and
VEGF levels and changes in neurocognitive performance did not reach
significant levels in the AE and RE groups in the present study. This
could be attributed to the fact that increased levels of molecular para-
meters were reduced from T2 to T3 time points, or that the impact of
two distinct modes of acute exercise on neurocognition was similar and
the pattern of molecular changes was different.

Previous research demonstrated that older adults with MCI showed
slower RTs than healthy controls, and that the greater RT cost (i.e.,
incongruent RTs — congruent RTs; ability in response inhibition /
conflict resolution) was significantly larger in the MCI group as com-
pared to the control group when the participants performed the Flanker
task (Wang et al., 2013; Wylie et al., 2007). In the present study, the
Time X Group X Condition interaction on the RTs did not achieve a
significant difference, suggesting that the acute exercise intervention
could not facilitate specific effects on the response inhibition/inter-
ference. However, in agreement with previous works which noted that
older adults exhibited shorter RTs following the acute moderate aerobic
exercise (Kamijo et al., 2009), the significant Time X Group interaction
effect in the present study reflected that the RTs were significantly
shortened across conditions in both AE and RE groups when performing
the Flanker task after acute aerobic and resistance exercise interven-
tions compared to pre-exercise. This suggests that both exercise modes
could facilitate stimulus evaluation and response processes (response
selection and execution, Doucet and Stelmack, 1999) in the older adults
with aMCI. Indeed, previous studies have demonstrated that the two
exercise modes could significantly facilitate behavioral performance
(i.e., shorter RTs and higher ARs) when young and older adults per-
formed cognitive tasks involving executive functioning (Barella et al.,
2010; Johnson et al., 2016; Tsai et al., 2014a, 2014b, 2016b). Although
improved behavioral performance with regard to the time efficiency of
the central processing of cognitive functions was found in this work,
this beneficial effect of acute exercise on response speed from baseline
to immediately post-exercise is relatively transitory (Barella et al.,
2010; Tomporowski, 2003), and could be attributed to increases in
general physiological arousal and neural activation (Dietrich and
Audiffren, 2011; Joyce et al., 2009). However, given the results of the
present study, where similar effects on the speed of processing emerged
in both AE and RE groups, it appears that both aerobic or resistance
exercise modes could be viable approaches to enhance executive
functions involving attentional control in the elderly with aMCI. In
addition, the findings in this study also suggested that aerobic and re-
sistance exercise could enhance the activities of the right hemisphere
temporal-parietal junction, ventrolateral prefrontal cortex, and dorso-
lateral prefrontal cortex networks in older adults with aMCI, since these
brain areas are associated with response speed when patients with
neurodegenerative diseases (e.g., MCI and AD) perform the Flanker task
(Luks et al., 2010).

Previous studies have proposed that the ERP P3 component is sen-
sitive enough to identify an early stage of cognitive impairment in the
elderly with MCI (Bennys et al., 2007; Jiang et al., 2015; Tsai et al.,
2016a). Even though Wang et al., 2013 found that older adults with
MCI showed longer P3 latencies than healthy controls when performing
the Flanker task, and Kamijo et al., 2009 found that the P3 latency
following a bout of light or moderate aerobic exercise was shorter than
during the baseline session in older adults when performing the Flanker
task, acute bouts of exercise, regardless of aerobic or resistance mode,
failed to modulate the P3 latency in the present study. This suggests
that the time required to detect and process a stimulus in the en-
vironment could not be facilitated in the older adults with aMCI. By
contrast, acute aerobic and resistance exercise enlarged the P3 ampli-
tude in the older adults with aMCI when performing the Flanker task,
implying that neuronal activity could be facilitated by the two exercise
modes in the preclinical dementia/AD disease stage. Similar to the
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general non-selective effects of acute bouts of exercise on the RTs, the
changes in P3 amplitudes were also observed across task conditions in
the present study, which could be attributed to an increase in the
arousal levels or modification of humoral functioning (e.g., catechola-
mine) (Barella et al., 2010; Dietrich and Audiffren, 2011; Joyce et al.,
2009; Tsai et al., 2014a, 2016b), which further induce more resources
to be made available for stimulus-driven attention and motor readiness.
It is worth noting that chronic exercise intervention can potentiate
long-term potentiation (van van Praag et al., 1999), increase the ex-
pression of neuroplasticity-related transcription factors (e.g., cAMP)
(Shen et al., 2001), gene products, (e.g., synapsin I and synaptophysin)
(Vaynman et al., 2004; Vaynman et al., 2006) and synaptic plasticity
genes (Stranahan et al., 2010), and enhance hippocampal dendritic
length and dendritic spine complexity (Redila and Christie, 2006).
Further studies with long-term exercise interventions are necessary to
strengthen the current findings and determine the exact mechanisms of
aerobic and resistance exercise on the neurocognitive facilitation seen
in the elderly with aMCL

BDNF, a member of the neurotrophin family of factors, supports
neural growth and survival and synaptic plasticity, and is highly con-
centrated in the hippocampus and cortex (Cowansage et al., 2010;
Gottmann et al., 2009; Lipsky and Marini, 2007). Lower serum levels of
BDNF are associated with smaller hippocampal volumes (Szeszko et al.,
2005) and a decline in executive functions in MCI (Shimada et al.,
2014), partly supporting the finding that an approaching significant
correlation emerges between RTs and BDNF levels in older adults with
aMCI when performing the Flanker task at baseline. Patients with AD
whose cognitive abilities are rapidly declining have significantly lower
serum BDNF concentrations than those with a slow cognitive decline
(Laske et al., 2011). Previous animal studies have also demonstrated
that physical exercise can increase BDNF expression in the hippo-
campus and cortical regions (Aguiar et al., 2011; Uysal et al., 2015).
Importantly, peripheral serum BDNF levels might serve as a proxy for
cortical levels, since significant links between serum and cortical BDNF
levels were found in a rodent study (Karege et al., 2002). Increases in
BDNF have been related to exercise-induced positive effects on cogni-
tive functions (Griffin et al., 2011). In line with most investigations that
have examined young adults (Ferris et al., 2007; Griffin et al., 2011)
and healthy older adults (Coelho et al., 2014), acute aerobic exercise
was found to significantly increase circulating BDNF levels in older
adults with aMCI in the present study. Importantly, even AD patients
can increase plasma BDNF levels via acute aerobic exercise (Coelho
et al., 2014). The previous and present findings suggest that although
there are decreased levels of BDNF precursor (pro-BDNF) and mature
BDNF in the cortex and hippocampus of older adults in the preclinical
stages of AD (Peng et al., 2005) and in those with AD (Ferrer et al.,
1999), which could constitute a lack of trophic support and contribute
to cognitive impairment (Coelho et al., 2014), older adults with such a
neurodegenerative disease could increase their circulating BDNF levels
via aerobic exercise. However, although the effects of resistance ex-
ercise on BDNF have been demonstrated in the elderly (Coelho et al.,
2012), in the present study, acute resistance exercise did not induce a
significant elevation in circulating serum BDNF levels. The results of
this work are in accordance with earlier studies investigating the effects
of acute resistance exercise on circulating BDNF levels in young adults
(Correia et al., 2010; Goekint et al., 2010). Moreover, although Rojas
Vega et al., 2010 found that serum BDNF levels increased after acute
resistance exercise, the neuroprotective growth factor did not show a
significant difference from pre-exercise values in the young adults.

Systemic IGF-1 in adults increases neuronal excitability and mod-
ulates neurogenesis, synaptic density and plasticity, and neuro-
transmission (Fernandez and Torres-Alemén, 2012). In addition, an-
other study also found that IGF-1 is involved in vascular remodeling
and maintenance (Lopez-Lopez et al., 2004). Therefore, age-related
reductions in the levels of serum and brain IGF-1 have been associated
with decreased cerebral vascular density and blood flow (Sonntag et al.,
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1997), and are a potential mechanism that may influence cognitive
function in the elderly (Sonntag et al., 2005), partly supporting the
significant correlation between P3 latency and IGF-1 levels at the T2
time point that was observed in the older adults with aMCI in the
present study. These findings also support the idea that a decrease in
the level of IGF-1 with aging is a well-established risk factor for neu-
rodegenerative diseases (Busiguina et al., 2000). Physical exercise can
increase peripheral IGF-1 levels to mediate neurogenesis and prevent
brain damage through increased uptake of such a growth factor by the
brain (Cotman et al., 2007). Rojas Vega et al., 2010 found that either
low or high acute resistance exercise increases the level of IGF-1 in
young adults. Likewise, previous studies also demonstrated that acute
aerobic exercise can significantly increase circulating IGF-1 levels in
young adults (Bang et al., 1990). However, Bang et al., 1990 found that
serum IGF-1 levels could be significantly increased after acute aerobic
exercise only in healthy individuals but not in patients with GH defi-
ciency. In the present study, we found that both acute aerobic and re-
sistance exercises could significantly increase serum IGF-1 levels in the
older adults with aMCI, suggesting that both physical exercise modes
could be effective to improve reduced circulating IGF-1 levels in aMCI
(Baker et al., 2010) and AD (Murialdo et al., 2001). In addition, such a
neuroprotective hormone could, probably by enhancing transport of AR
carrier proteins (e.g., albumin and transthyretin) into the brain, reduce
brain (e.g., hippocampus, and parietal and pyriform cortices) AB load
(Carro et al., 2002). For example, in animal studies, although over 18-
month-old aging rats showed increased levels of AB in the brain as
compared to the younger ones (Vaucher et al., 2001), the Af levels of
the aging rats were reduced back to those seen in young rats in the
hippocampus and cortex after treatment with IGF-1 (Carro et al., 2002).
Similarly, transgenic mice with a 60% decrease in serum IGF-1 levels
showed prematurely increased brain A levels. After one month of
treatment with IGF-1, the brain Af levels were significantly reduced
(Carro et al., 2002). These studies with normal aging or transgenic
animals may support the idea that IGF-1 modulates endogenous/
transgenic AP clearance in the brain. It is worth noting that, relative to
aerobic exercise, only long-term resistance exercise could significantly
increase basal serum levels of IGF-1 in the elderly (Vale et al., 2009).
The resistance exercise mode might also have potential effects to reduce
brain AP load (Carro et al., 2002) and increase/preserve hippocampal
volume (Maass et al., 2016) in older adults with aMCI.

VEGF produced in central and peripheral areas is expressed in
multiple cells (e.g., endothelial cells and platelets) and tissues (smooth
and skeletal muscle) (Gavin et al., 2004). VEGF not only promotes the
formation and growth of blood vessels (Adams and Alitalo, 2007), but
also, operating as an intermediate mechanism, promotes neurogenesis
and synaptogenesis through neural cell differentiation, growth, and
regeneration (Ruiz de Almodovar et al., 2009), suggesting that this
biomarker can sustain widespread angiogenic and neurotrophic actions.
In effect, VEGF can counteract the negative effects of oligemia in AD
(Jin et al., 2000), and VEGF activity may be associated with AD neu-
ropathology and brain areas linked to cognitive functions. VEGF defi-
ciency determines neural degeneration with a reduction in neural blood
flow. The reduction in VEGF synthesis could be directly linked to the
specific molecular effects of AB;_4» (Solerte et al., 2005). VEGF lib-
eration through exercise could be due to alterations in the cardiovas-
cular and hemodynamic components, with an increase in shear stress
and tension on the blood vessels (Prior et al., 2003), and expression of
VEGF mRNA and protein due to hypoxia (Prior et al., 2003). The
amount of hypoxia-inducible protein can increase in the periphery after
acute exercise (Schobersberger et al., 2000) and cross the blood-brain
barrier to mediate angiogenesis (Cotman et al., 2007), which has been
associated with cognitive facilitation (Adams and Alitalo, 2007).
Therefore, VEGF seems to be associated with the vascular benefits of
physical exercise, developing the role of an important moderator in the
process of angiogenesis (Cotman et al., 2007; Fabel et al., 2003). In the
present study, there was a trend towards increased levels of serum
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VEGF through acute aerobic exercise in the older adults with aMClI,
which was in accordance with previous research. For example, through
muscle biopsy, Gavin et al. (2004) found that amount of VEGF protein
decreased after acute aerobic exercise in young men, reflecting the
secretion of VEGF from the skeletal muscle into the circulation after
exercise, and suggesting that circulating VEGF levels could be increased
by acute aerobic exercise. Similarly, Kraus et al., 2004 also found acute
aerobic exercise could increase plasma VEGF levels in sedentary and
endurance-trained men. Two previous studies also verified that an
acute bout of aerobic exercise can increase VEGF concentrations in the
elderly with artery pathology (Adams et al., 2004; Sandri et al., 2011).
However, the present study failed to find that acute resistance exercise
could increase serum VEGF levels in older adults with aMCI, partly in
line with Rojas Vega et al., 2010 findings that acute resistance exercise
of both low and high intensity could not increase VEGF levels in young
adults. Thus far, to the best of our knowledge, no studies have been
conducted to investigate the effects of acute exercise on VEGF in
healthy older adults or in the elderly with MCI. Therefore, the present
findings extend current knowledge with regard to whether aerobic or
resistance exercise could be more effective to increase the serum VEGF
levels in older adults with aMCI.

Age-related memory impairment can be attributed to age-related
changes in the hippocampus. Such conditions have been correlated with
dramatically decreased neurogenesis in the dentate gyrus during se-
nescence due to reduced levels of FGF-2 (also VEGF and IGF-1) in the
hippocampus (Shetty et al., 2005). FGF-2 is believed to afford neuro-
protection by acting against glutamate induced neurotoxicity (Mattson
et al., 1993), interfering with a number of signaling pathways (e.g.,
including maintenance of calcium homeostasis), and strengthening the
anti-apoptotic pathways (Alzheimer and Werner, 2002). Decreased le-
vels of FGF-2 may also increase the vulnerability of the aging hippo-
campus to different types of neuronal loss/damage (Shetty et al., 2005).
Indeed, intracerebroventricular or subcutaneous injections of FGF-2 can
significantly enhance neurogenesis in the dentate gyrus in the aged
brain (Jin et al., 2003). FGF-2 has been proposed to participate in ex-
ercise-induced increases in the number of new hippocampal neurons
(van Praag et al., 1999). In animal studies, Gomez-Pinilla et al., 1997
found increases in FGF-2 mRNA levels in the hippocampal but not in the
caudal and middle regions of the cerebral cortex or striatum following
variable periods of exercise, reaching a peak by the 4th night and re-
turning to about normal levels by the 7th night of wheel-running.
However, in the present study, the level of FGF-2 did not seem to be
increased via acute aerobic or resistance exercise in the older adults
with aMCI. Still, it is worth noting that the levels of FGF-2 are abnor-
mally elevated in AD brains, especially in the limbic area (Cummings
et al., 1993), which induces up-regulation of the expression of tau and
inhibits neuronal differentiation in hippocampal progenitor cells
(Tatebayashi et al., 1999). This gives rise to the possibility that the high
FGF-2 levels seen with AD might be inhibitory for neurogenesis, as FGF-
2 was significantly decreased after long-term aerobic exercise in amy-
loid precursor protein (APP)-23 mice (Wolf et al., 2006).

Some cross-sectional studies found that, after adjusting for multiple
covariates, circulating BDNF was significantly associated with cognitive
test scores in the elderly (Komulainen et al., 2008; Swardfager et al.,
2011). Similarly, circulating IGF-1 levels in seniors or patients with AD
revealed a significant, positive association with cognitive functions
(Murialdo et al., 2001). However, in the present study, the changes in
neurocognitive performance (e.g., RTs and P3 amplitudes) were not
significantly correlated with the acute-exercise-induced changes of
serum BDNF, IGF-1, and VEGF levels in the older adults with aMCI.
There are two possible explanations to account for this. First, the ben-
eficial effects of acute aerobic and resistance exercise on neurocognitive
performance might be explained in terms of heightened arousal, due to
exercise-induced temporary changes in the reallocation of mental re-
sources and metabolic rate (Audiffren, 2009). Second, although the
positive effects of exercise on the levels of some neuroprotective growth
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factors in older adults with aMCI were found in the present study, the
effects were only transient. Indeed, Tsai et al., 2014b found that, even
though the serum levels of neurotrophic factors (e.g., GH and IGF-1)
were significantly increased via acute resistance exercise in young
adults, these increased levels fell significantly within 20 min after ex-
ercise. Similarly, although Adams et al. (2004) found that significant
VEGF increases remained for up to 24 h after the end of acute aerobic
interventions in the elderly with peripheral arterial occlusive disease, in
line with Gavin et al., 2004 findings, the increased serum VEGF levels
induced by acute aerobic exercise showed a decreased trend in the
present study, suggesting that skeletal muscle may take up VEGF from
the circulation (Hiscock et al., 2003). Therefore, although one physical
exercise session, with either aerobic or resistance exercise, could pro-
mote increases in BDNF, IGF-1, or VEGF levels, the transient nature of
these effects could explain the lack of correlations between the changes
in neurocognitive performance and those of the neurocognitive growth
factors.

Both BDNF and IGF-1 are widely expressed in the human adult brain
(Ahlskog et al., 2011; Murer et al., 2001). BDNF and IGF-1 in-
sufficiencies have been proposed as risk factors for AD (Laske et al.,
2007; Torres-Aleman, 2008; Yasutake et al., 2006), while an enhanced
level of peripheral IGF-I is thought to mediate the induction of hippo-
campal BDNF (Cotman et al., 2007). The acute-exercise-mediated effect
on the brain via IGF-1 might be involve in the increased hippocampal
expression of BDNF and increased c-fos activation labeling through the
brain (Carro et al., 2000). The interactive effects of BDNF and IGF-1 are
thus considered as the key factors in the beneficial effects of exercise on
cognitive functions (Cotman et al., 2007). In addition, IGF-I induces
VEGF expression and secretion by a paracrine mechanism, indicating
that VEGF secretion is involved in the IGF-1 pathway (Gruden et al.,
2003). Exercise-dependent stimulation of hippocampal neurogenesis
and angiogenesis seems to be regulated by the interactive effects of IGF-
1 and VEGF (Cotman et al., 2007). These interactive mechanisms of
BDNF, IGF-1, and VEGF and these biomarkers are strongly associated
with the regulation of AR deposits (Adlard et al., 2005; Arvat et al.,
2000; Carro et al., 2002; Solerte et al., 2005), suggesting that aerobic
exercise could have more effects for patients with AD-related pa-
thology, since the serum levels of the three growth factors could be
induced by acute aerobic exercise, while acute resistance exercise could
only induce the IGF-1 levels.

4.1. Limitations

There are some limitations to this study, which must be addressed in
future work. First, since the brain levels of neurotrophic and angio-
genesis factors cannot easily be obtained in humans, the circulating
levels in the present study may or may not reflect what is actually going
on within the brain. Second, since the increased level of circulating
serum BDNF and VEGEF in the present study could be attributed to the
large contribution of platelet-derived BDNF and VEGF (Fujimura et al.,
2002; Maloney et al., 1998), the sources of the two biomarkers used in
the measurements (i.e., serum vs. plasma) might be an issue worth
exploring in the future. However, a significant correlation between
serum and plasma VEGF protein has been documented (Kraus et al.,
2004), and the VEGF findings in the present study still provide im-
portant information about exercise in relation to aMCI. Third, since
VEGF could be co-accumulated with A} deposits in AD brains, which
results in impaired VEGF availability in the central nervous system
(CNS) and contributes to vascular dysfunction and neurodegeneration
(Yang et al., 2004), Chiappelli et al., 2006 found that the levels of
plasma VEGF were higher in AD patients and the controls, and were
much higher in AD patients with a fast cognitive decline and the APOE
€4 allele, which might reflect the progressive VEGF deficiency in the AD
brain. Therefore, whether the increased serum VEGF levels through
aerobic exercise in the older adults with aMCI found in the present
study are a positive or negative effect needs further explanation, and to
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some extent some speculation. Further work is also needed to clarify the
relation between exercise and VEGF in the MCI subgroups (e.g., MCI
with or without the APOE ¢4 allele). Lastly, although acute aerobic and
resistance exercise could temporarily increase the levels of some neu-
roprotective growth factors and enhance neurocognitive performance
in the older adults with aMCI in this study, which suggests that exercise
is an effective way to improve neural growth and activity, how long
these parameters could be changed during the baseline conditions
needs further examination, possibly via long-term exercise intervention.

5. Conclusions

The present study finds that changes in neuroprotective growth
factors and neurocognitive performances after acute exercise among
older adults with aMCI and different exercise (e.g., aerobic and re-
sistance) modes seem to have distinct effects on exerkines, which sug-
gests that the cognitive neuroprotective effects of exercise, regardless of
aerobic or resistance, may attenuate the risks of neurocognitive im-
pairment and slow dementia in older adults with aMCI via plausibly
divergent biologic pathways. Most importantly, the individuals at this
stage still exhibit molecular and neural plasticity in response to ex-
ercise. Although the elderly with MCI showed impaired neurocognitive
performance and reduced circulating levels of the neuroprotective
growth factors, the present findings might reflect that physical exercise
could regulate expression of some growth factors (e.g., BDNF, IGF-1 and
VEGF), and retard these negative issues and reduce the risk of de-
mentia/AD in the long term. However, compared to resistance exercise,
aerobic exercise would be more effective for increasing exerkine levels.
Although the transient improvements shown in the present work need
further long-term exercise intervention studies to elucidate the sub-
stantially facilitative effects and the association between different ex-
ercise modes and neurocognitive/biochemical changes in aMCI, the
implications of this study could provide a neural and molecular basis
for the improvements in the deficits of cognitive function associated
with active lifestyles, and guide the development of behavioral strate-
gies to successful aging in older adults with aMCIL
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