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Abstract: Background. The main purpose of this study was to determine the effects of a high-
intensity interval training (HIIT) intervention in the context of moderate alcohol consumption on
cognitive performance in healthy young adults. Methods. We conducted a 10-week HIIT program
along with four types of beverages with/without alcohol content. A total of 75 healthy adults
(18–40 years old; 46% female) were allocated to either a control Non-Training group or an HIIT
program group (2 days/week). Using block randomization, participants in the HIIT group were
further allocated to an HIIT-Alcohol group (alcohol beer or sparkling water with vodka added, 5.4%)
or an HIIT-NonAlcohol group (sparkling water or non-alcohol beer, 0.0%). The control group was
instructed to maintain an active lifestyle but did not undergo any regular training. A comprehensive
neuropsychological battery was used to evaluate cognitive performance (i.e., memory, working
memory, processing speed, inhibitory control, and verbal fluency). Changes from baseline to week 10
were included in the main analyses. Results. All groups improved in all neuropsychological measures
(all p ≤ 0.001), independent of sex and alcohol consumption, with no statistical differences between
groups (all p > 0.05). Furthermore, larger increases in maximal oxygen uptake were associated with
greater improvements in processing speed, inhibitory control, and verbal fluency (all p < 0.050).
Conclusions. Although the improvements found in cognitive performance cannot be attributed
to the HIIT intervention, no significant impairments in cognitive functions were noted due to
moderate alcohol intake. Furthermore, our results confirmed that exercise-induced physical fitness
improvements were associated with cognitive performance enhancements in young healthy adults.

Keywords: high-intensity training; diet; cognitive performance; young adults; alcohol consumption

1. Introduction

Exercise training is a powerful approach for improving cognitive function in both
children and older adults [1–3]. In fact, it has been reported that cognitive function in the
elderly is maintained or even improved following moderate-intensity exercise for at least
6 months [4]. Similarly, enhancements of visual–spatial and short-term memory have been
reported after 6 to 12 weeks of programmed exercise in young adults [5,6]. A recent study
has suggested that repeated high-intensity interval exercise (i.e., high-intensity interval
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training (HIIT)) could provide additional physiological and psychological adaptations
in higher-order cognitive functions such as cognitive flexibility compared with lower-
intensity exercise in older adults [7]. Similar improvements in cognitive flexibility have
been found after a 7-week interval training intervention in young active individuals [8].
Complementary research indicates that an acute bout of interval exercise training can also
positively impact cognitive function in healthy middle-aged individuals [9]. Nevertheless,
there is still controversy regarding the optimal intensity of exercise training to improve
cognitive performance in young adults [10]. One obvious reason for this absence of scientific
literature is that cognitive health peaks during young adulthood, suggesting there is limited
space for exercise-related cognitive improvement during this period [2].

Lifestyle habits, such as alcohol consumption, have been considered to play an impor-
tant role in the development of dementia and other neurodegenerative diseases [11]. Alco-
hol intake, especially beer, is a common practice for many physically active people [12,13].
In addition to the deleterious effects of excessive consumption of alcohol on general
health [11], there have been mixed results regarding the effects of low-to-moderate alcohol
consumption on cognitive performance [14]. While Mehlig et al. suggested that low-to-
moderate alcohol consumption increases the risk of developing cognitive impairments [15],
other studies have found negligible effects associated with alcohol consumption [16,17].
Additionally, several studies have found significant improvements in cognitive function
associated with low-to-moderate alcohol intake [18,19]. Due to the high heterogeneity
of the above-mentioned results, investigating whether moderate alcohol consumption
could influence the potential positive effects of exercise training on cognitive function is
of scientific and clinical interest. To the best of our knowledge, no study has explored
the combination of an HIIT intervention and moderate alcohol consumption in healthy
individuals, which is common in a social context for active people.

The primary purpose of the present study was to investigate whether a highly demand-
ing training intervention would improve cognitive function (i.e., memory, working memory,
processing speed, inhibitory control, and verbal fluency) in healthy young adults, and
whether those potential positive effects may be influenced by moderate alcohol consump-
tion or by exercise-induced changes in other health-related parameters (cardiorespiratory
fitness assessed by maximal oxygen uptake (VO2max), muscular strength determined by
the handgrip test, and body composition). We predicted that concurrent regular alcohol
intake, even in moderate amounts, could blunt any of the positive effects of training. Fur-
thermore, we hypothesized that higher fitness levels would be associated with greater
cognitive performance in young healthy adults.

2. Materials and Methods
2.1. Trial Design

The BEER-HIIT study is a registered controlled trial (ClinicalTrials.gov ID: NCT03660579)
with a follow-up of 10 weeks. The procedures were designed in accordance with the last
revised Declaration of Helsinki and approved by the Ethics Committee on Human Research
of the University of Granada (321/CEIH/2017).

2.2. Participants

Eligible participants of the BEER-HIIT project were healthy young adults who lived
in the province of Granada, Spain. The study was announced via social networks, local
media, and posters. Prior to enrolment, all individuals provided written informed consent,
completed a medical examination, and were fully informed about the study objectives,
design, inclusion criteria, assessments to be undertaken, exercise program intervention, and
types of beverages to be ingested. Subjects who met the inclusion criteria (i.e., (i) having
a body mass index (BMI) from 18.5 to 30 kg/m2, (ii) not being engaged in a previous
structured training program or a weight-loss program (in the last 5 months), (iii) having
a stable body weight during the last 5 months (body weight changes < 3 kg), (iv) being
free of disease, (v) not being pregnant or lactating, (vi) not taking any medication for
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chronic diseases, and (vii) not suffering pain, recent injuries, or other problems preventing
strenuous physical activity) were invited to an information meeting in which the research
staff gave specific information about healthy dietary patterns and the physical activity
recommendations provided by the World Health Organization [20].

2.3. Randomization and Follow-Up

After the baseline measurements, a total of 83 individuals were allocated to a training
(i.e., HIIT) or a non-training control group based on personal preferences. Participants
in the control group were instructed to maintain their usual physical activity levels and
not engage in a structured exercise program. Those participants included in the training
group were subsequently allocated to an ethanol-containing beverage (i.e., 5.4% alcohol)
group or an alcohol-free beverage group. The participants willing to consume ethanol were
randomly allocated to either a group consuming alcohol beer (HIIT-Beer) or to a group
consuming sparkling water with added vodka ethanol (HIIT-Alcohol). The participants
choosing non-alcoholic beverages were randomly allocated to either an alcohol-free beer
group (HIIT-0.0Beer) or a sparkling water group (HIIT-Water). This type of non-random (i.e.,
based on individual preference) and random allocation of the participants was conducted
following ethical considerations and advice provided by the ethical committee (321-CEIH-
2017), since drinking alcohol or participating in a highly demanding training program
should be a personal choice.

2.4. Intervention

The HIIT intervention consisted of 2 sessions/week performed from Monday to Friday
over 10 consecutive weeks with at least 48 h of recovery between sessions. The training
intervention was divided into two different phases, starting with a familiarization phase
to learn the main movement patterns, aiming to avoid injuries or potential dropouts. The
volume and intensity of the sessions in the familiarization phase were fixed at 40 min/week
and 8–9 Rating of Perceived Exertion (0–10 RPE), respectively [21,22]. Subsequent incre-
ments in both volume and intensity were established in Phase I (50 min/week and 10 RPE)
and in Phase II (65 min/week and 10 RPE). Eight self-loading exercises were performed in
a circuit form twice per set (i.e., frontal plank, high knees up, TRX horizontal row, squat,
deadlift, side plank, push up, and burpees) with a passive rest between exercises and an
active rest between sets (i.e., 6 RPE intensity, which corresponds to 60% VO2max) [22,23].
A dynamic standardized warm-up and an active global-stretching cooling-down protocol
were completed at the beginning and the end of each training session, respectively. A
detailed description of each exercise of the training program can be found elsewhere [24].

During the intervention, the alcohol consumption allowed was 330 mL of the respec-
tive beverage at lunch and 330 mL at dinner for men, and 330 mL at dinner for women,
from Monday to Friday: (i) the HIIT-Alcohol group ingested randomly assigned alcohol
beer (5.4% alcohol—Alhambra Especial®, Granada, Spain) or sparkling water with the
exact equivalent amount of distilled alcohol added (vodka, 37.5% ethanol and 62.5% water),
and (ii) the HIIT-NonAlcohol group was randomly assigned to ingest alcohol-free beer
(0.0% alcohol—Cruzcampo®, Sevilla, Spain) or sparkling water (Eliqua 2®, Font Salem,
Valencia, Spain). The amount of alcohol selected to ingest was based on scientific evidence
(i.e., 2–3 drinks/day or 24–36 g of ethanol/day for men and 1–2 drinks/day or 12–24 g
of ethanol/day for women) [25,26]. During weekends, participants were requested to
respect the beverage intake condition (i.e., moderate alcohol consumption and non-alcohol
consumption). All beverages were coded and provided by a blinded staff member of
our research laboratory at the beginning of each week. Additionally, they were asked to
report, before and after the 10-week intervention program, their usual frequency of alcohol
intake through seven possible response categories using the Beverage Intake Questionnaire
(BEVQ) [27,28]. Similarly, dietary habits were assessed using the MEDAS questionnaire [29].
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2.5. Cognitive Function

Cognitive variables were taken at baseline and after 10 weeks of the supervised HIIT
program. We used the Spanish Complutense Verbal Learning Test (TAVEC) to evaluate
episodic memory, as well as its codification processes, data storage, and retrieval [30]. The
main outcomes of this test were as follows: (i) learning process (defined as the sum of
correctly recalled words across all five learning trials); (ii) short-term memory (free recall
of list A after an interference list was presented); (iii) delay memory (free recall of list A
after a 20 min rest period); and (iv) recognition (defined as total correct score (tc)) and
discriminability index (calculated as the difference between correctly detected words from
list A minus false alarms to new words (id)). Working memory was assessed using the
Letter–Number Sequencing test, according to the instructions of the WAIS-IV manual [31],
where the span score ranges from 0 to 7 and total scores range from 0 to 21. We measured
processing speed and inhibitory control using the one-page paper-and-pencil cancelation
test version of the D2 test [32]. In addition, we used a standard verbal fluency test to measure
phonemic, semantic, and total verbal fluency [33]. Higher scores indicate better cognitive
performance on these tasks. Comprehensive information on the cognitive measurements
can be found in the study protocol [24].

Age, sex, and occupational activity were also registered by a self-report demographic
questionnaire before the intervention.

2.6. Statistical Analyses

These results presented in the current study were not the main outcomes of the
BEER-HIIT project [34,35].

Our sample size calculations revealed that 13 participants per group were needed
to detect an effect size of 0.25 in memory scores with an α error of 0.05 and a power of
0.85 [36]. However, a minimum of 16 participants per group (a total of 80) were recruited,
allowing us to consider a maximum loss of 20% at the follow-up [37].

Standard statistical methods were used for the calculation of means and standard de-
viations. Normal Gaussian distribution of the data was verified by the Shapiro–Wilk test
and visual check of histograms, Q–Q, and box plots. Homoscedasticity was verified by the
modified Levene test. The compound symmetry, or sphericity, was checked by the Mauchly
test. When the assumption of sphericity was not met, the significance of F-ratios was adjusted
according to the Greenhouse–Geisser procedure when the epsilon correction factor was <0.75,
or according to the Huyn–Feld procedure when the epsilon correction factor was >0.75.

Composite scores for memory (immediate, short-term, delayed recall, and recognition
scores; α = 0.900), working memory (direct and processing scores; α = 0.922), processing speed
(total productivity, correct work, and concentration index scores; α = 0.986), inhibitory control
(total effectiveness score), and verbal fluency (total score) were calculated by averaging z
scores for their individual components. Recategorization of the occupational activity measure
was performed into three levels, showing a relatively high internal consistency (α = 0.705).

Age, sex, and occupational activity were used as potential confounders in the anal-
yses. We combined the responses of computed and classified occupational activities and
categorized them as level 1 (unemployment, homemaker, and student), level 2 (primary
sector services, retail or catering services, and administrative clerk), and level 3 (support
and scientific/intellectual technicians and professionals, and business administration and
management). Given that we did not observe a sex interaction, we conducted the analysis
including males and females together. Similarly, since no beverage interaction was observed
between groups in any outcome, we analyzed both alcohol beer and sparkling water with
ethanol HIIT groups in the same group (i.e., HIIT-Alcohol group) and both 0.0% alcohol
beer and sparkling water HIIT groups in the same group (i.e., HIIT-NonAlcohol group).

A repeated-measures analysis of variance (2 × 2 ANOVA; time × training group;
and time × beverage) tested group differences over time. Post hoc Bonferroni corrections
were conducted for multiple comparisons. The significance level was set at p < 0.05 for all
analyses. Finally, simple and multiple linear regression analyses were performed to examine
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the associations between changes in physical fitness (i.e., maximum oxygen uptake, hand
grip strength, and body composition, such as BMI, FMI, and LMI) with changes in cognitive
outcomes (i.e., memory, working memory, processing speed, inhibitory control, and verbal
fluency) after the intervention. Age, sex, and occupational activity were included as
potential confounders, which were selected based on statistical procedures (i.e., hierarchical
regressions) and theoretical bases.

All analyses were conducted using the Statistical Package for Social Sciences (SPSS,
v. 25.0, IBM SPSS Statistics, IBM Corporation, Armonk, NY, USA). Graphical presentations
were prepared using GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA).

3. Results

A total of 74 participants (34 women) were included in the final analyses after a loss
to follow-up of 10% (see Figure 1). The characteristics of the participants are presented in
Table 1. There were no significant differences between groups at baseline (all p > 0.05), except
for age and occupational activity (p = 0.006 and p = 0.005, respectively; see Table 1). Our HIIT
intervention has previously been shown to successfully improve physical fitness parameters,
including absolute and relative VO2max [35], as well as body composition parameters [34].
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Table 1. Baseline characteristics of participants.

Non-Training
(n = 17)

HIIT-Alcohol
(n = 27)

HIIT-NonAlcohol
(n = 31)

Mean ± SD p Value

Sex (men%/women%) 64.7%/35.3% 48.1%/51.8% 54.8%/45.2% 0.572
Age 20.2 ± 1.3 24.2 ± 1.5 24.5 ± 1.5 0.006 *
Alcohol Ingested (mL/week) 1144.1 ± 831.9 696.7 ± 857.4 1204.5 ± 1167.3 0.131

Educational level (%) 0.097

Primary Education -- 3.7% --
Secondary Education 47.1% 40.7% 22.5%
Vocational Education and Training 23.5% 18.5% 22.5%
University Degree or Certificate of
Higher Education 29.5% 37.3% 54.8%

Occupational activity (%) 0.005 *

Level 1 100% † 55.6% 54.8%
Level 2 -- 18.5% 16.1%
Level 3 -- 25.9% 29.1%

Learning Process

Trial 1 8.8 ± 2.3 8.3 ± 2.0 8.3 ± 1.8 0.666
Trial 2 11.2 ± 2.7 12.2 ± 2.1 11.4 ± 2.3 0.269
Trial 3 12.9 ± 2.3 13.1 ± 2.2 12.4 ± 2.7 0.530
Trial 4 14.4 ± 1.3 13.4 ± 2.1 13.4 ± 3.1 0.329
Trail 5 14.5 ± 1.3 13.8 ± 1.7 14.1 ± 1.9 0.474

Memory

Immediate memory 61.8 ± 7.4 60.9 ± 7.7 59.6 ± 9.3 0.638
Short-term memory 13.6 ± 1.2 13.9 ± 1.8 12.9 ± 2.5 0.170
Delay memory 13.9 ± 1.4 14.2 ± 1.8 13.3 ± 2.2 0.224

Recognition (tc) 15.3 ± 0.9 15.6 ± 0.6 15.0 ± 1.4 0.115
Recognition (id) 97.7 ± 2.7 98.2 ± 1.9 96.9 ± 4.1 0.284

Working Memory

Direct Score 13.0 ± 1.6 11.8 ± 2.1 11.7 ± 2.5 0.125
Processing Score 5.8 ± 0.8 5.6 ± 0.9 5.5 ± 0.9 0.507

Processing Speed

Total productivity 516.6 ± 88.0 514.5 ± 76.5 510.9 ± 67.3 0.965

Correct work 208.7 ± 43.4 203.9 ± 39.0 200.7 ± 36.5 0.793

Concentration Index 208.4 ± 43.5 203.4 ± 39.4 200.0 ± 36.6 0.776

Inhibitory Control

Total Effectiveness 502.9 ± 86.7 498.3 ± 77.5 492.7 ± 68.1 0.900

Verbal Fluency

Phonologic 86.1 ± 23.2 88.4 ± 20.5 77.1 ± 15.0 0.069
Semantic 40.5 ± 8.0 40.1 ± 6.5 37.5 ± 8.5 0.315
Total Score 126.6 ± 28.0 128.4 ± 23.8 114.6 ± 19.3 0.057

Data expressed the as mean ± standard deviation. Differences in baseline characteristics between the differ-
ent groups were evaluated with analysis of variance (ANOVA). † Occupational activity: 53% unemployment,
47% student. * Boldface values indicate significant differences (p < 0.05). Abbreviations: HIIT-Alcohol group
that performed high-intensity interval training and consumed alcoholic beverages; HIIT-NonAlcohol group
that performed high-intensity interval training and consumed non-alcoholic beverages; Level 1, unemployment,
homemaker, and student; Level 2, agriculture, livestock and fishery services, retail or catering services, and
administrative clerk; Level 3, support technicians and professionals, scientific and intellectual technicians and
professionals, business administration, and management.
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3.1. Intervention Effects of an HIIT Program on Cognitive Function

Figure 2 shows changes in learning (number of recalled words across all five trials)
tested at baseline and post-intervention. A significant increase in the number of recalled
words across trials at baseline and post-intervention measures was observed independently
of the intervention group (all p ≤ 0.001; see Figure 2). Significant differences in learning
were also noted between baseline and post-intervention measures in the Non-Training
group, HIIT-Alcohol group, and HIIT-NonAlcohol group (all p ≤ 0.001; see Figure 2).
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Figure 2. Changes in learning process (Trial 1 and 5) were measured by the Spanish Complutense
Verbal Learning Test (TAVEC), tested at baseline and post study intervention. F, p, and η of repeated-
measures analysis of variance (ANOVA) for time, group, and trial. Intragroup changes obtained by
repeated-measures ANOVA (group × time × trial, adjusting by trial), with a post hoc Bonferroni-
corrected test, are indicated as Trial 1 vs. Trial 5 (a1 and a2; all p < 0.05) for the Non-Training group;
Trial 1 vs. Trial 5 (b1 and b2; all p < 0.05) for the HIIT-Alcohol group; the Trial 1 vs. Trial 5 (c1 and c2;
all p < 0.05) for the HIIT-NonAlcohol group. Intragroup trials’ changes before and post-intervention
obtained by repeated-measures ANOVA (group × time × trial, adjusting by time), with a post
hoc Bonferroni-corrected test, are indicated as p < 0.05 for the Non-Training group, b p < 0.05 for
the HIIT-Alcohol group, and c p < 0.05 for the HIIT-NonAlcohol group. Raw data (total correct
responses) are presented as the mean and standard deviation. Abbreviations: HIIT-Alcohol, group
that performed high-intensity interval training and consumed alcoholic beverages; HIIT-NonAlcohol,
group that performed high-intensity interval training and consumed non-alcoholic beverages.

Table 2 presents changes in the raw scores and z-transformed cognitive outcomes
before and after the intervention. The z-scores are interpreted as the change from baseline
in standard deviations. The Non-Training, HIIT-Alcohol, and HIIT-NonAlcohol groups all
showed significant improvements in memory (i.e., immediate, short-term, and delayed
recall scores) and recognition (all p ≤ 0.001; see Table 2) after the intervention. Similarly, all
groups showed significant enhancements in processing speed, inhibitory control, and verbal
fluency (all p ≤ 0.01; see Table 2). There were no within-group differences in memory,
working memory, processing speed, inhibitory control, or verbal fluency z-scores (all
p > 0.05; see Table 2). The ANCOVA of raw scores and z-transformed cognitive outcomes,
adjusting for baseline values (Model 0), showed no significant between-group differences
in any cognitive function outcomes (all p > 0.05; see Table 2). These results persisted after
controlling for potential confounders (i.e., age, sex, and occupational activity; see Table A1).
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Table 2. Changes before and after the intervention study and changes over time in cognitive scores.

Non-Training HIIT-Alcohol HIIT-NonAlcohol

Baseline Post-
Intervention Baseline Post-

Intervention Baseline Post-
Intervention Model 0

Mean ± SD

Memory p Value p Value p Value F p Value η2

Immediate Memory 61.82 ± 7.38 70.06 ± 5.85 ≤0.001 60.93 ± 7.68 70.15 ± 5.56 ≤0.001 59.55 ± 9.26 67.94 ± 6.87 ≤0.001 0.788 0.459 0.022
Short-Term Memory 13.59 ± 1.23 15.29 ± 0.85 ≤0.001 13.85 ± 1.81 14.89 ± 1.58 0.004 12.87 ± 2.47 14.77 ± 1.45 ≤0.001 0.850 0.432 0.023

Delay Memory 13.88 ± 1.41 15.47 ± 0.62 ≤0.001 14.15 ± 1.83 14.93 ± 1.62 0.0014 13.29 ± 2.18 15.00 ± 1.13 ≤0.001 2.043 0.137 0.054
Recognition (tc) 15.29 ± 0.92 16.00 ± 0.00 0.005 15.56 ± 0.64 15.89 ± 0.32 0.105 14.97 ± 1.38 15.68 ± 0.70 ≤0.001 1.956 0.149 0.052
Recognition (id) 97.73 ± 2.67 99.60 ± 0.89 0.014 98.23 ± 1.93 98.82 ± 1.93 0.321 96.92 ± 4.09 99.12 ± 1.73 ≤0.001 1.632 0.203 0.044
Composite score 0.082 ± 0.204 0.277 ± 0.174 0.315 0.195 ± 0.162 −0.002 ± 0.162 0.201 −0.219 ± 0.151 −0.125 ± 0.129 0.513 1.462 0.239 0.040

Working Memory

Direct Score 13.00 ± 1.62 13.06 ± 3.47 0.928 11.78 ± 2.08 11.96 ± 3.11 0.722 11.74 ± 2.49 11.77 ± 2.97 0.947 0.116 0.891 0.003
Processing Score 5.82 ± 0.81 5.88 ± 1.27 0.845 5.63 ± 0.88 5.41 ± 1.12 0.354 5.52 ± 0.89 5.32 ± 1.49 0.387 0.574 0.566 0.016
Composite score 0.349 ± 0.820 0.307 ± 1.020 0.852 −0.042 ± 0.186 −0.050 ± 0.183 0.966 −0.117 ± 0.173 −0.113 ± 0.171 0.982 0.187 0.830 0.005

Processing Speed

Total productivity 516.59 ± 87.93 576.59 ± 72.84 ≤0.001 514.52 ± 76.49 566.07 ± 67.83 ≤0.001 510.87 ± 67.316 571.87 ± 52.41 ≤0.001 0.691 0.504 0.019
Correct work 208.71 ± 43.44 244.82 ± 39.72 ≤0.001 203.85 ± 39.04 235.15 ± 36.43 ≤0.001 200.68 ± 36.54 237.29 ± 39.76 ≤0.001 0.530 0.591 0.015

Concentration Index 208.41 ± 43.46 242.94 ± 41.62 ≤0.001 203.44 ± 39.37 234.85 ± 36.50 ≤0.001 200.00 ± 36.58 236.94 ± 39.72 ≤0.001 0.442 0.644 0.012
Composite score 0.102 ± 0.245 0.136 ± 0.240 0.783 0.007 ± 0.194 −0.075 ± 0.180 0.399 −0.067 ± 0.181 −0.007 ± 0.178 0.516 0.618 0.542 0.017

Inhibitory Control

Total Effectiveness 502.82 ± 86.61 565.18 ± 74.533 ≤0.001 498.26 ± 77.45 552.22 ± 66.00 ≤0.001 492.61 ± 68.01 554.87 ± 55.62 ≤0.001 0.713 0.494 0.020

Verbal Fluency

Phonologic 86.12 ± 23.15 95.71 ± 24.51 0.003 88.37 ± 20.55 96.89 ± 16.70 ≤0.001 77.10 ± 14.93 84.42 ± 17.16 0.002 0.964 0.386 0.026
Semantic 40.47 ± 8.02 39.88 ± 10.78 0.705 40.11 ± 6.47 42.37 ± 6.03 0.070 37.48 ± 8.55 37.48 ± 6.74 1.000 2.364 0.101 0.062

Total Verbal Fluency 126.59 ± 27.97 135.59 ± 33.55 0.016 128.41 ± 23.76 139.26 ± 21.09 ≤0.001 114.58 ± 19.25 121.90 ± 20.06 0.008 1.103 0.338 0.030

p value of intragroup changes before and post-intervention obtained by repeated-measures ANOVA. F, p value, and η2 of analysis of covariance adjusting by baseline values.
Boldface values indicate significance differences (p < 0.05). Abbreviations: HIIT-Alcohol, group that performed high-intensity interval training and consumed alcoholic beverages;
HIIT-NonAlcohol, group that performed high-intensity interval training and consumed non-alcoholic beverages; tc, total number of correct responses in the recognition test; id, index of
discriminability from learning list in the recognition test.
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3.2. Are Exercise-Induced Changes in Cognitive Function Explained by Those Obtained in Physical
Fitness and Body Composition after the Intervention?

Higher increases in relative VO2max (mL/kg/min) over the course of the intervention
were associated with greater improvements in processing speed, inhibitory control, and
verbal fluency (all β > 0.249, all p values < 0.034). These statistically significant relationships
persisted after adjusting for sex, age, and occupational activity (see Figure 3). Finally,
changes in verbal fluency were positively related to changes in absolute VO2max (mL/min)
(β = 0.313, R2 = 0.085, p = 0.007; see Table A3), which remained after adjusting for sex, age,
and occupational activity (all p ≤ 0.013; see Table A3). Additionally, higher BMI levels
were associated with poorer working memory (composite score) (β = −0.282, R2 = 0.066,
p = 0.016; see Figure 3D), which also persisted after adjusting for sex, age, and occupational
activity (all p ≤ 0.019; see Figure 3D). No significant associations were observed between
changes in cognitive outcomes and changes in hand grip strength, fat mass index, or lean
mass index (see Tables A2 and A3).

Nutrients 2024, 16, x FOR PEER REVIEW 10 of 17 
 

 

 
Figure 3. Associations between maximal oxygen uptake (VO2max) (A) and processing speed (com-
posite score); VO2max (B) and inhibitory control (z-score); VO2max (C) and verbal fluency (total z-
score), and body mass index (BMI) adjusted for age, sex, and occupational activity (D) and working 
memory (composite score) in young healthy adults. The analyses were controlled for: age (Model 
1); both age and sex (Model 2); and age, sex, and occupational activity (Model 3). The β (standard-
ized linear regression coefficient), R2 (coefficient of determination), and p value were obtained from 
the linear regression analyses. 

4. Discussion 
The main aim of this study was to investigate whether a high-intensity training in-

tervention would improve cognitive function (i.e., memory, working memory, processing 
speed, inhibitory control, and verbal fluency) and whether those potential positive effects 
would be influenced by regular moderate alcohol consumption in healthy young adults. 
Additionally, we examined whether improvements in cognitive performance were related 
to other positive health-related parameters (e.g., VO2max and body composition). Our re-
sults did not completely support the hypothesis that the HIIT intervention improved 
learning, memory, processing speed, inhibitory control, and verbal fluency, since the Non-
Training group exhibited similar enhancements in these parameters. However, 

Figure 3. Associations between maximal oxygen uptake (VO2max) (A) and processing speed (com-
posite score); VO2max (B) and inhibitory control (z-score); VO2max (C) and verbal fluency (total
z-score), and body mass index (BMI) adjusted for age, sex, and occupational activity (D) and working
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4. Discussion

The main aim of this study was to investigate whether a high-intensity training
intervention would improve cognitive function (i.e., memory, working memory, processing
speed, inhibitory control, and verbal fluency) and whether those potential positive effects
would be influenced by regular moderate alcohol consumption in healthy young adults.
Additionally, we examined whether improvements in cognitive performance were related
to other positive health-related parameters (e.g., VO2max and body composition). Our
results did not completely support the hypothesis that the HIIT intervention improved
learning, memory, processing speed, inhibitory control, and verbal fluency, since the Non-
Training group exhibited similar enhancements in these parameters. However, interestingly,
our findings suggest that regular moderate alcohol consumption for this duration does
not negatively influence cognitive function. Additionally, in line with our hypothesis,
the current findings showed that physical fitness improvements after our 10-week HIIT
intervention were associated with better cognitive performance in young healthy adults.

4.1. Intervention Effects of an HIIT Program on Cognitive Function

Previous research has demonstrated that there is moderate evidence supporting the
notion that physical activity, in the form of aerobic exercise, benefits cognitive functioning
during early and late periods of life [1,3,38]. Regarding a high-intensity exercise program,
prior studies have found that short-term HIIT resulted in meaningful improvements in
reaction time and cognitive flexibility in older adults [7], and in learning performance in
healthy, active male students [39]. These enhancements have been attributed to physio-
logical processes that occur during exercise, including an increase in catecholamines (i.e.,
dopamine, epinephrine, and norepinephrine) and release of neurotrophic factors [39]. Al-
though these results are encouraging, there are still major gaps in our understanding of the
effects of an HIIT intervention on cognitive performance in young to middle-aged adults
(aged 18–50 years) [1,3]. In this regard, although cognitive improvements were found
in all cognitive domains measured (i.e., learning, memory, processing speed, inhibitory
control, and verbal fluency), we cannot conclude that those benefits were a consequence of
our HIIT intervention since the Non-Training control group showed similar performance
improvements. These findings are somewhat consistent with those obtained by similar
investigations applying HIIT interventions that reported no exercise-induced changes in
working memory after 7–12 weeks of an HIIT program in healthy middle-aged individu-
als [8,9,40]. Hence, an important question remains unanswered regarding the inconsistent
findings in cognitive performance improvements following exercise interventions among
young and middle-aged adults. One reason for this heterogeneity could be that cognitive
health peaks during young adulthood, which would suggest a ceiling effect for exercise-
related improvements to cognitive function during this period of life [2]. Other reasons that
should be considered may be variability in methodological and study design factors, such
as (i) the general health and fitness level of participants being enrolled, (ii) the neuropsy-
chological tests used to measure aspects of cognition, (iii) the lack of consistent reporting of
blinding and adherence/compliance, or (iv) the nature of control groups. Indeed, many
of the instruments used to assess executive functioning are traditional neuropsychologi-
cal tools primarily developed to aid in clinical diagnosis rather than to assess individual
variation in normative cognitive functioning; thus, their sensitivity to detect changes in
response to an intervention (especially in the context of a normative sample) remains
questionable [1].

In addition to its role in physical health, low-to-moderate alcohol consumption has
been suggested as a potential risk factor in the development of cognitive impairment, which
is also highly associated with cardiovascular diseases [18]. However, some inconsistencies
can be observed across studies. Zhang et al. (2020) [18] hypothesized that the impact of
alcohol drinking on cognitive function may be dependent on a balance of its beneficial and
harmful effects on the cardiovascular system [18]. However, other studies have reported
that moderate drinkers are more likely to have hippocampal atrophy [41] suggesting that,
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in line with other studies [14], there is no safe level of drinking when referring to health.
These variable results could arise from the complicated and plural mechanisms through
which alcohol consumption affects health [14], as well as the influence of an individual’s
consumption volume and pattern of drinking [42]. Our findings suggest that moderate
alcohol consumption did not impair cognitive function after 10 weeks in healthy young
adults who engaged in vigorous exercise training.

In summary, there is still controversy regarding the effects of moderate-to-vigorous
intensity exercise on cognition in young and middle-aged adults. Therefore, future studies
are needed to better elucidate the potential benefits of exercise on cognition during young
and middle adulthood [1]. Furthermore, the association of low-to-moderate drinking with
cognitive function in the younger ages, as well as the mechanisms underlying this potential
association, warrants additional investigation.

4.2. Are Exercise-Induced Changes in Cognitive Function Explained by Those Obtained in Physical
Fitness and Body Composition after the Intervention?

Previous studies have confirmed that an enhancement of cardiovascular fitness is associ-
ated with changes in cognitive performance in children and older adults [1–3,43,44]. However,
it is unclear precisely what function cardiovascular fitness might play in instantiating these
cognitive changes [45]. Regarding the effects of physical activity on cognition and brain
outcomes in young middle-aged adults (18–59 years old), there is a dearth of high-quality
data available. Our results partially align with previously demonstrated evidence of a
positive relationship between changes in cardiorespiratory fitness and improvements in
cognitive functions (e.g., processing speed, inhibitory control, and verbal fluency) being
found in a healthy young adult cohort. Although our effect sizes were relatively small,
these findings suggest that cardiorespiratory fitness may impact challenging and complex
cognitive processes, which has previously been demonstrated in other samples and age
ranges [46]. However, future research is needed to bring to light whether exercise training
(i.e., HIIT) can optimize cognitive function in young and middle-aged adults.

We found a negative association between BMI levels and working memory, which is
consistent with some previously reported evidence from childhood [47] to adulthood [48].
Although specific cognitive deficits have been demonstrated in younger adults and older
adults, the findings are inconsistent across age groups. Overall, the results found in the
current study could extend our understanding of the possible neuropathological processes
underlying obesity-related cognitive dysfunction, demonstrating a specific impact on
predominant prefrontal cognitive processes.

In summary, our study has demonstrated a notable advantage to implementing a
supervised high-intensity exercise intervention, as evidenced by an 80% adherence rate
among participants, which resulted in significant improvements in both physical fitness
and body composition [34,35].

4.3. Limitations

Although this study had several strengths, it also had several limitations that should
be considered. Firstly, the control group was not purely sedentary since participants were
instructed to maintain an active lifestyle. Although physical activity levels were mon-
itored, they were determined using self-reported approaches. Objective methods (i.e.,
accelerometer systems) might result in different outcomes. Second, the BEER-HIIT project
was designed from a quantitative approach that looks forward to modifying physical fitness
and/or additional health-related outcomes. Thus, changes in cognitive functions are only
expected as a result of physical fitness enhancements [10]. The third limitation was our sam-
ple size. Finally, participants were not fully randomized because of ethical considerations
regarding alcohol consumption. Thus, a truly double-blind design, placebo-controlled for
alcohol, was not possible. Subsequently, future studies are needed to determine the effects
of the same training intervention on participants with different biological characteristics,
using reliable, objective measurements to identify effective public health strategies that
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promote a healthy lifestyle where fermented beverages in moderate amounts co-ingested
with meals could be included if wished and considered acceptable.

5. Conclusions

Although our 10-week HIIT exercise intervention failed to moderate the impact on cog-
nitive performance, moderate alcohol intake at this level and for this duration did not seem
to alter cognitive performance in young healthy adults. Furthermore, our results confirmed
that exercise-induced changes in physical fitness were associated with improvements in
cognitive performance in young healthy adults.
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Appendix A

Table A1. Changes in Cognitive measures adjusted by baseline values and age (Model 1), by baseline
values and sex (Model 2), and by baseline values and occupational activity (Model 3).

Models Model 1 Model 2 Model 3

Analysis of Covariance

F p Value η2 F p Value η2 F p Value η2

Memory

Immediate memory 0.767 0.468 0.021 0.790 0.458 0.022 0.718 0.491 0.020
Short-term memory 0.350 0.706 0.010 0.768 0.468 0.021 0.633 0.534 0.018

Delay memory 1.108 0.336 0.031 1.816 0.170 0.049 1.689 0.192 0.046
Recognition (tc) 2.438 0.095 0.065 1.887 0.160 0.051 1.724 0.186 0.047
Recognition (id) 0.837 0.437 0.023 1.653 0.199 0.045 1.335 0.270 0.037
Composite score 0.749 0.477 0.021 1.292 0.281 0.036 1.051 0.355 0.029

Working Memory

Direct Score 0.084 0.919 0.002 0.105 0.901 0.003 0.064 0.938 0.002
Processing Score 0.498 0.610 0.014 0.501 0.608 0.014 0.430 0.652 0.012
Composite score 0.140 0.870 0.004 0.162 0.851 0.005 0.111 0.895 0.003
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Table A1. Cont.

Models Model 1 Model 2 Model 3

Analysis of Covariance

F p Value η2 F p Value η2 F p Value η2

Processing Speed

Total productivity 0.502 0.608 0.014 0.645 0.528 0.018 0.724 0.489 0.020
Correct work 0.304 0.739 0.009 0.570 0.569 0.016 0.630 0.536 0.018

Concentration Index 0.371 0.691 0.011 0.480 0.621 0.014 0.763 0.470 0.021
Composite score 0.413 0.663 0.012 0.637 0.532 0.018 0.783 0.461 0.022

Inhibitory Control

Omissions 1.109 0.335 0.031 1.397 0.254 0.038 1.330 0.271 0.037
Total Effectiveness 0.406 0.668 0.011 0.643 0.529 0.018 0.603 0.550 0.017

Verbal Fluency

Total Phonologic 0.771 0.467 0.022 1.020 0.366 0.028 0.691 0.504 0.019
Total Semantic 2.098 0.130 0.057 2.450 0.094 0.065 2.459 0.093 0.066

Total Score 1.067 0.350 0.030 1.237 0.296 0.034 0.886 0.417 0.025

Abbreviations: tc, total number of correct responses in the recognition test; id, index of discriminability from
learning list in the recognition test.

Appendix B

Table A2. Association of changes in VO2max and hand grip strength/weight changes with changes
in Cognitive Composite.

VO2max (mL/min) VO2max (mL/kg/min) Hand Grip Strength Hand Grip Strength/Weight

β R2 p β R2 p β R2 p β R2 p

Memory

Model 0 0.135 0.004 0.256 0.102 0.004 0.390 0.018 −0.014 0.880 −0.010 −0.014 0.932
Model 1 0.133 −0.007 0.263 0.100 −0.015 0.405 0.016 −0.023 0.892 −0.015 −0.024 0.899
Model 2 0.063 0.018 0.612 0.039 0.015 0.705 0.000 0.023 0.999 −0.011 0.022 0.924
Model 3 0.055 0.015 0.662 0.031 0.013 0.708 −0.015 0.021 0.897 −0.034 0.021 0.777

Working Memory

Model 0 −0.122 0.001 0.302 −0.021 −0.014 0.863 −0.174 0.017 0.138 −0.066 −0.010 0.579
Model 1 −0.123 −0.012 0.303 −0.022 −0.027 0.854 −0.175 0.004 0.139 −0.068 −0.024 0.571
Model 2 −0.146 −0.023 0.254 −0.029 −0.041 0.817 −0.176 −0.010 0.140 −0.069 −0.039 0.573
Model 3 −0.149 −0.036 0.249 −0.031 −0.056 0.806 −0.185 −0.020 0.127 −0.081 −0.050 0.515

Processing Speed

Model 0 0.198 0.025 0.094 0.273 0.061 0.020 −0.034 −0.013 0.775 −0.047 −0.012 0.693
Model 1 0.195 0.023 0.098 0.268 0.058 0.022 −0.037 −0.012 0.755 −0.056 −0.012 0.641
Model 2 0.233 0.020 0.065 0.300 0.056 0.014 −0.037 −0.027 0.758 −0.056 −0.026 0.642
Model 3 0.244 0.026 0.054 0.301 0.063 0.012 −0.020 −0.025 0.871 −0.033 −0.028 0.790

Inhibitory Control

Model 0 0.176 0.017 0.137 0.249 0.049 0.034 −0.006 −0.014 0.960 −0.004 −0.014 0.971
Model 1 0.174 0.010 0.141 0.245 0.040 0.037 −0.008 −0.019 0.944 −0.011 −0.021 0.927
Model 2 0.182 −0.004 0.153 0.254 0.027 0.040 −0.013 −0.030 0.916 −0.010 −0.033 0.933
Model 3 0.190 −0.007 0.137 0.262 0.026 0.035 0.001 −0.034 0.991 0.010 −0.038 0.936

Verbal Fluency

Model 0 0.313 0.085 0.007 0.356 0.115 0.002 0.077 −0.008 0.514 0.072 −0.009 0.547
Model 1 0.311 0.087 0.007 0.351 0.114 0.002 0.074 −0.008 0.532 0.064 −0.011 0.595
Model 2 0.308 0.074 0.013 0.346 0.102 0.004 0.069 −0.016 0.563 0.065 −0.024 0.593
Model 3 0.319 0.080 0.010 0.356 0.109 0.003 0.084 −0.018 0.484 0.084 −0.030 0.499

Analyses were controlled for age (Model 1); both age and sex (Model 2); and age, sex, and occupational activity
(Model 3). Boldface values indicate significant differences (p < 0.05). β, standardized linear regression coefficient;
R2, coefficient of determination, and p value were obtained from the linear regression analyses.
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Appendix C

Table A3. Association of BMI, FMI, and LMI changes with Cognitive Composite changes.

BMI FMI LMI

β R2 p β R2 p β R2 p

Memory

Model 0 0.004 −0.014 0.970 0.136 0.005 0.251 −0.125 0.002 0.293
Model 1 0.008 −0.024 0.945 0.133 −0.006 0.263 −0.118 −0.010 0.327
Model 2 0.002 0.026 0.988 0.136 0.046 0.241 −0.130 0.044 0.266
Model 3 0.003 0.023 0.978 0.139 0.043 0.234 −0.138 0.042 0.243

Working Memory

Model 0 −0.282 0.066 0.016 −0.213 0.032 0.070 −0.059 −0.011 0.619
Model 1 −0.281 0.053 0.017 −0.215 0.019 0.070 −0.057 −0.025 0.637
Model 2 −0.281 0.039 0.018 −0.215 0.005 0.072 −0.057 −0.040 0.639
Model 3 −0.281 0.026 0.019 −0.214 −0.008 0.075 −0.060 −0.053 0.626

Processing Speed

Model 0 0.112 −0.001 0.344 0.058 −0.011 0.626 0.038 −0.013 0.749
Model 1 0.119 0.000 0.316 0.053 −0.012 0.657 0.054 −0.012 0.652
Model 2 0.120 −0.014 0.318 0.053 −0.026 0.660 0.055 −0.026 0.648
Model 3 0.118 −0.014 0.324 0.050 −0.026 0.677 0.063 −0.025 0.602

Inhibitory Control

Model 0 0.065 −0.010 0.587 0.050 −0.012 0.672 0.031 −0.013 0.791
Model 1 0.070 −0.015 0.559 0.047 −0.018 0.697 0.044 −0.018 0.715
Model 2 0.069 −0.028 0.569 0.047 −0.030 0.695 0.042 −0.031 0.732
Model 3 0.067 −0.034 0.577 0.045 −0.036 0.710 0.048 −0.036 0.694

Verbal Fluency

Model 0 0.185 0.021 0.118 0.190 0.022 0.108 −0.090 −0.006 0.450
Model 1 0.192 0.023 0.105 0.185 0.021 0.118 −0.076 −0.009 0.527
Model 2 0.190 0.012 0.109 0.186 0.011 0.118 −0.079 −0.019 0.512
Model 3 0.189 0.006 0.113 0.183 0.004 0.124 −0.073 −0.026 0.545

Analyses were adjusted for age (Model 1); both age and sex (Model 2); and age, sex, and occupational activity
(Model 3). Boldface values indicate significant differences (p < 0.05). β, standardized linear regression coefficient;
R2, coefficient of determination, and p value were obtained from the linear regression analyses. Abbreviations:
BMI, body mass index; FMI, fat mass index; LMI, lean mass index.
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