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Dear Editor,

The benefits of both regular and acute exercise on cognitive
function are well-established. One candidate mechanism is the in-
crease in brain derived neurotropic factor (BDNF), which is involved
in exercise-induced neuroplasticity [1]. An increase in serum BDNF
after a single exercise session may create favourable conditions for
adaptive plasticity [2], and has also been shown to influence anodal
transcranial direct current stimulation (a-tDCS) in mice [3]. We
investigated the acute effects of a single bout of high-intensity in-
terval training (HIIT) performed prior to dorsolateral pre-frontal
cortex (DLPFC) a-tDCS on cognitive performance, serum BDNF,
and the cerebral haemodynamic response in healthy adults. We
hypothesised that exercise would increase serum BDNF and the ce-
rebral haemodynamic response in the DLPFC, augmenting the ef-
fects of a-tDCS.

In a randomised cross-over study design, 24 sedentary but
otherwise healthy participants (22.2 +2.9 years, 12 female) per-
formed three double-blind testing sessions: 1) Rest + tDCS, seated
rest followed by a-tDCS, 2) Ex + sham, exercise followed by
sham-tDCS, and 3) Ex + tDCS, exercise followed by a-tDCS. Two-
way repeated measures ANOVA was used to determine the effect
of within-subject factors CONDITION (Rest + tDCS, Ex + sham,
Ex + tDCS) and TIME (pre, post).

Exercise involved 20min of high intensity interval training (HIIT)
on a stationary bicycle, with a total of 5 x 2min work periods
completed at a pace of 100revolutions per minute and 80%
maximal heart rate (HR), separated by 2min active recovery. Rating
of perceived exertion and HR were recorded at the end of each work
period to ensure their consistency across the Ex + sham and
Ex + tDCS sessions (all p >.05).
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Anodal tDCS was applied using a Starstim DC stimulator (Neuro-
electrics, Barcelona) for 20min, immediately following exercise,
while seated and resting [4]. Current (1mA) was delivered through
25cm? saline-soaked sponge electrodes (current density 0.04mA/
cm?). The anode was placed on the F3 site, and the cathode placed
over the contralateral supraorbital region. Sham-tDCS involved a
15sec current ramp-up/down.

Cognition was assessed using a computerised battery performed
in a random block design. Tasks included single and two-choice re-
action time, congruent and incongruent Stroop, and 2-/3-back
working memory. There were main effects for time in the single-
choice reaction time (F(1, 22)=8.59, p=.008) and the incongruent
Stroop tasks (F¢i, 22)=4.66, p=.042), with a mean increase in
response time and performance across all conditions of 9.6 ms
(Fig. 1a) and 5.6% respectively (composite score for response time
and accuracy) (Fig. 1b). No interaction and no main effect for condi-
tion were found for either task. No significant main effects or inter-
actions were observed for other tasks.

During the 2-/3-back tasks, a single-channel functional near-
infrared spectroscopy (fNIRS) device (Portalite, Artinis Medical Sys-
tems, The Netherlands) was used to record haemodynamic
response, as measured by a change in oxyhemoglobin (HbO) level
over the left DLPFC (F3 site). There was no interaction (Fp,
44)=2.05, p=.141) and no main effect for condition (Fp,
44)=1.85, p=.170). A significant main effect for time was detected
(F@, 22)=13.87, p = .001). There were increases in HbO following all
conditions: Rest + tDCS (25.5%), Ex + sham (52.1%), and Ex + tDCS
(63.4%).

A blood sample was drawn from the median cubital vein in a
subgroup of 12 participants, centrifuged at 12,000g for 10min at
4°C. Plasma was frozen at —80°C for later analysis. Multiplex
immunoassay was performed by Crux Biolab (Melbourne,
Australia) with a custom-designed Quantibody human-specific
protein array (RayBiotech, USA) to detect BDNF concentration.
No significant interactions or main effects were observed
(p>.05).

The increase in response time for the simple reaction time task
may be due to a fatigue effect induced by the 2hr duration of the
session. A lack of significant interaction indicates that neither ex-
ercise, a-tDCS nor the combined intervention were effective in
attenuating performance declines across the session. The modest
improvement in performance on the incongruent Stroop task
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Fig. 1. Response time for simple reaction task (a), and composite performance score for incongruent Stroop task (b). * denotes significant main effect for time.

may be attributed to practice on the task. Overall, the lack of sig-
nificant differences in behavioural outcomes was contrary to our
hypothesis, and contrasts previous literature investigating HIIT
and a-tDCS in isolation. However, our findings are consistent
with recent meta-analyses showing small effects that are highly
variable [5,6]. Previous research has shown that delivery of tDCS
while engaging the specific brain region during tDCS delivery
may influence the outcomes of stimulation [7,8]. In this study,
the delivery of a-tDCS during seated rest may have contributed
to the null-finding.

The intensity of acute exercise has been reported as a key
moderator in cognitive outcomes. The ‘inverted-U’ hypothesis pro-
poses that moderate intensity exercise is optimal for enhancing
arousal, while the ‘drive-theory’ suggests that intensity-
dependent physiological responses to exercise promote larger im-
provements in high-order cognitive tasks [9]. As such, it would be
reasonable to hypothesise greater improvements in the incon-
gruent Stroop and n-back tasks, however our results failed to sup-
port this. More recently, the influence of exercise intensity on
cognitive performance has been suggested to differ depending on
the participant's level of aerobic fitness [9], with highly active par-
ticipants exhibiting greater post-exercise increases [10]. We
recruited sedentary participants, which may have contributed to
the non-significant changes in cognitive performance and levels
of circulating BDNF.

In agreement with previous studies [9], fNIRS measures
showed an increase in cerebral haemodynamic response
following all conditions. The combination of a-tDCS and HIIT did
not produce a cumulative effect. Our behavioural data (i.e., 2-
and 3-back performance) associated with the fNIRS measures
did not improve following any of the conditions, which may be
due to fatigue.

In conclusion, this study showed that 20mins of HIIT exercise
does not prime the brain for a-tDCS, producing no cumulative ben-
efits on cognition, BDNF or cerebral haemodynamic response in an
acute setting. Additionally, a-tDCS alone did not modulate cognitive
performance in healthy adults. The neurophysiological effects of a
single session of HIIT may be short-lasting, and are likely to be
dependent on the fitness level of the individual.
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