Supplements

1. Supplementary Methods

1.1. 1H-MRS:

Supplementary Figure 1 | Representative spectra for one participant, measured in the A) hippocampus
and B) dorsal anterior cingulate cortex (dACC).
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Spectra were fitted using LCModel with a simulated basis set with a measured macromolecular
baseline (using an sLASER dual inversion recovery sequence(Penner and Bartha, 2015)) and
the following metabolites: alanine (Ala), aspartate (Asp), creatine (Cr), y-aminobutyric acid
(GABA), GIn, Glu, GSH, glycine (Gly), glycerophosphocholine (GPC), Inositol, Lac,
phosphoethanolamine (PE), phosphocholine (PCh), phosphocreatine (PCr), inositol (Ins),
choline (Cho), NAA, N-acetyl aspartyl glutamate (NAAG), taurine (Tau), scylloinositol (Sci),
succinate (Suc), pyruvate (Pyr) and threonine (Thr).

The following control parameters were used for LCModel analyses:
deltat= 2.50e-04

doecc= F

dows= T

hzpppm= 2.9804e+02

nunfil= 2048

ppmend= 0.5

ppmst= 4.0

DKNTMN=
atth2o=
attmet=
chcomb (17)= 'Lac+Thr'
chcomb (18)= 'Cho+GPC+PC'
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chomit(1l)= 'MMO09'
chomit(2)= 'MM12'
chomit (3)= 'MM14'
chomit(4)= 'MM17'

chomit (5)= 'MM20'



chomit(6)= 'Ala'
chomit(7)= 'Pyr'

chomit (8)= 'Suc'

ncombi= 18

neach= 50

nomit= 8

wconc= individual values
CHUSE1 (1)='NAA'

CHUSE1 (2)="'PCr'

CHUSE1 (3)="PC'

1.2. Statistical Analysis

Supplementary Table 1 | Evidence Categories for Bayes Factor BF (Jeffrey, 1961;
Wagenmakers, 2007)

Bayes Factor Interpretation

> 100 Decisive evidence for Hy
30- 100 Very strong evidence for Ha
10 - 30 Strong evidence for Ha
3-10 Substantial evidence for Ha
1-3 Anecdotal evidence for Hy
1 No evidence

1/3-1 Anecdotal evidence for Hg
1/10—-1/3 Substantial evidence for Hg
1/30-1/10 Strong evidence for Hg
1/100—-1/30 Very strong evidence for Hqg
< 1/100 Decisive evidence for Hg

1.3. Sample Size Calculations

We aimed to investigate the neural mechanisms underlying brain volume changes resulting from
exercise interventions. First, we determined the sample size to assess a hypothesized effect on
neurometabolite signaling. A previous study investigating exercise effects on anterior cingulate
cortex glutamate concentration changes reported an effect size of d=1.48 (Cohen d) in young
participants (Maddock et al., 2016). As this study used an acute exercise intervention, we
expected a more moderate effect size for a longitudinal exercise intervention of d=1.0. To detect
the effect of exercise, with a power of 80% and an a of 0.05, we would need 12 participants per



exercise intervention group. Taking a 20% dropout into account (due to MRI data quality), we
would need at least 15 subjects in each exercise intervention group.

Secondly, we calculated the required sample size to assess the effect of exercise on vascular
outcome measures. A previous study using contrast-enhanced MRI assessed the effect of a
dietary intervention with flavanol on CBV in the hippocampus (Brickman et al., 2014). This study
detected an increase in CBV with an effect size of d=0.75. We expect the dietary intervention to
have effects of a similar magnitude as the exercise intervention. With an effect size of d=0.75, a
power of 80%, and an a of 0.05, we would need 16 subjects to detect a difference before and
after the exercise intervention. Taking a 20% dropout into account, we would need at least 20
subjects in each exercise group.



1.4. CONSORT flow chart

Enrollment

Assessed for eligibility (n=95)

Excluded (n=43)

+ Not meeting inclusion criteria (n=13)
+ Declined to participate (n=3)

+ Other reasons (n=27)

Randomized (n=52)

l
¥ [

| Allocation ] l
Allocated to low-intensity (n=26 ) Allocated to high-intensity (n=26)
+ Received allocated intervention (n=26) + Received allocated intervention (n=26)

L 4 [ Follow-Up v
Lost to fol!ow—up (n=3) Lost to follow-up (n=1)
- Did not want to come to follow-up - Did not want to come to follow-up
meeting meeting

Discontinued intervention (n=2)
- Did not want to continue exercising

[ Analysis ] L 4

4
Analysed (n=23) Analysed (n=22)
+ Excluded from analysis (n=1)
- VO2-post measurement not correct

1.5. Exercise intervention

Recommended exercise group classes per exercise intensity group (translated from
Dutch):

Low-Intensity Group:



* BBB - The class consists of a short warm-up followed by various exercises that focus on the
belly, buttocks, and legs.

* Body power* - This is a group workout to music using simple and effective exercises with
barbells and dumbbells. It is focused on the muscular endurance of the whole body.

* Essentrics - At Essentrics you get an effective toning workout to music using dynamic
stretches and fluid movements without using gear. The main goals are a slimmer silhouette,
more flexibility, and better posture.

* Pilates - In this class the focus is on: posture and control, flexibility, breathing, and awareness.
In Pilates, you do floor exercises that target all postural muscles in the body, especially the
abdominal and back muscles. You do the exercises slowly, fluently and in collaboration with
your breath. You concentrate on doing the exercises carefully and accurately, and not on the
number of repetitions. The result is better posture and flexibility.

* TrippleShape barre workout - Ballet Barre workout is a combination of ballet, pilates, and yoga
to contemporary music.

* Yoga basic - This is a basic yoga class. The focus lies on: stretching and holding postures.

» Kinesis - Kinesis Training takes traditional exercises (like chest press, lat pull, row) and
combines them with functional movements (like reaching, squatting, bending). It develops
balance, core/overall strength, and flexibility for people of all fitness levels.

* Abs - 15 minutes of abs training using own-body weight.

» Basic movement - In this class good technique of the most basic exercises using own-body
weight is being practiced. This lesson focuses on questions such as: How do | perform the
squat correctly? What is a pull-up and how do | do it? What variations are there for a deadlift?

» Mobility class - This lesson focuses on increasing flexibility in muscles and joints.

+ Calisthenics - This is a class to practice exercises like a handstand, muscle up, human flag,
front and back lever.

» Core*- This lesson focuses on posture and strengthening the abdominal and back muscles in
a controlled manner. The training does not only consist of floor exercises but is also offered in
challenging circuit forms.

* W.A.C.* - Weightlifting Aerobic Circuit: this workout is originally based on Olympic weightlifting,
a valuable full-body workout.

*For Core, W.A.C., and body power, participants were only allowed to do a maximum of 1
of these 3 per week for this sports program.



High-Intensity Group:

* Combat - In this class you train your entire body during circuit training. It includes techniques
from (kick) boxing, self-defense techniques, strength, and conditioning to increase your heart
rate.

* Fitness training - This is circuit training in which all available materials are used. Walking and
jumping are used a lot in this training, the intensity is largely determined by the participants
themselves. A high-intensity training involving both strength and condition.

* Fit Fight - This is a powerful cardio workout inspired by Eastern martial arts such as karate,
boxing, tackwondo, and Muay Thai to music.

» Kick & shape - This is an intensive class in which participants learn various punching and
kicking techniques against the punching bag to music.

» Spinning - In this class participants sit on a spinning bike, on which, under the guidance of the
teacher, they go on a 'bike tour' in which different speeds alternate. The resistance is chosen by
the participants themselves.

» Step & dance - Step & dance is a choreographically challenging, advanced step class, with the
goal of increasing aerobic fitness.

* Total body workout - This class is a short piece of aerobics hi/low impact after a warm-up. This
is followed by exercises for all muscle groups: back, arms, abdomen, shoulders, chest, and
legs. This class improves the participant’s overall fitness, both cardio and muscle endurance are
trained.

» Synrgy - Synrgy is a large device, with rods, ropes, bells, and whistles. Participants can follow
group training sessions of 30 minutes several times a day, in which they do high-intensity
interval training in circuit form.

* H.LLLT. - High-Intensity Interval Training consists of short periods of intense effort, followed by
short recovery moments. Participants train their general condition but also strength and speed,
using simple materials or body weight.

* Crossfit - This small group training is based on the principles of a fithess concept from the
USA: functionality, variation, and high intensity. Participants train speed, (muscle) endurance,
strength, flexibility, and coordination.

Details about the exercise intervention:

Exercise progression was monitored by tracking their sports center visits using an automated
fingerprint entrance system and by using weekly questionnaires on exercise duration and
activities. Additionally, participants received an HR monitor (Polar, Finland) to measure HR
during each training session. In case the regularity of participants’ training sessions was



decreasing, participants were contacted and motivated to continue exercising by one of the
experimenters.

No home-program or non-exercise components were added to the intervention. No adverse
events occurred during the exercise intervention in this study.



2. Supplementary Results

2.1. Quality Control Spectra

Left Hippocampus dACC
Quality metric BL Post BL Post

Mean + std Mean + std | Mean * std Mean + std
SNR 30.76 + 6.05 28.85+7.03 | 46.64 +2.96 4741 +£2.79
FWHM 14.41 +2.26 15.68 +3.71 | 7.55+ 0.71 7.55+0.72
Glu CRLB 3.17 £ 0.66 349+076 (200 2.02+0.15
GIn CRLB 29.41+6.19 27.91+6.69 | 19.97 £ 6.04 20.72 £ 5.98
GSH CRLB 7.48 £1.91 713+149 (7.67+0.81 7.74 £ 0.83
NAA CRLB 1.02+0.15 1.05+022 |1.0zx0 1.0+0

2.2. Exploratory Analysis:

Supplementary Table 2 | Statistical tests for all variables: Linear mixed-effects models were
low-intensity exercise) x time (pre- vs.
post-intervention) x sex (female vs. male) interaction in Rv.3.5.3 using the Ime4 package.
Multiple comparison corrections using Sidak's resulted in an a*=0.02. Model selection was
based on an adjusted top-down procedure, in which the resulting models were compared using
the Bayesian information criterion (BIC); the model was consequently tested using chi-square

used to

(x?) tests.

investigate the condition (high- vs.




Tukey Post-Hoc test

Interaction effects Main effects
Group * Time Time Sex
Fitness measures
VO2max | ¥¥5)=4.51, p=0.48, ABIC=-15.42 15.43, paDU001, ABIC=11.15 ¥3(1)=21.25, p<DU001, ABIC=17.32 Femalechals; precpost

Bike-resistance
HR during VOZ2max

¥*(5)=11.84, p=0.04, ABIC=-11.09
¥*(7)=1.35, p=0.25, LBIC=-3.21

=356.23, p<0.001, ABIC=31.64
¥3(1)<0.01, p=0.97, ABIC=-4.56

Femzle<Male; pre<post

Violume measures
Left Hippocampus
Whole , p=0.45, ABIC=-21.54 2.68, p=0.10, ABIC=-1.82 #{1)=24597, p<D.00Y, ABIC=2154 Female<hale
Dentate Gyrus . p=0.58, ABIC=-22.3% 2.14, p=0.14, ABIC=-2.35 G{1)=12.23, p<0001, ABIC=14 27 Female<Male
cAl , p=0.85, ABIC=-24.20 0.08, p=0.77, ABIC=-4.40 = 23.45, paD.D0L, ABIC=19.00 Femalechale
CA3Z ,p=0.91, ABIC=-0.92  ?(1)=0.85, p=0.33, ABIC=-1.05 1)= 15.75, peD.00L ABIC=11.256 Female<hale
Wit . p=0.18, ABIC=-14.83 518, p=0.02, ABIC=0.65 =531, p=0.01, ABIC=1.53 IMale<Femnale; Post<pre
G . D=0.83, ABIC=-24.17  x%1)=0.04, p=0.33, ABIC=-4.48 1)= 31.75, p<0.001, ABIC=27.28 Female<Male
Right Hippocampus
Whole | x*{5)=5.00, p=0.43, ABIC=-18.3% 1= 2272, pa0.001, ABIC=15.22 Female<hale; Post<pre
Dentate Gyrus | x 10.5%, p=0.10, ABIC=-16.41 =13.04, p<0.001, ABIC=8.54 Femazle<Male
cAl 45, p=0.28, ABIC=-5.40 (1)= 0.34, p=0.35, ABIC=-4.30 = 23.45, p<0.D0L, ABIC=20.60 Female<Male
CA3|¥%6)=2.08, p=0.91, ABIC=-24.85  3[1)=0.95, p=0.33, ABIC=-3.56 J=15.75, p<D.00L ABIC=11.26 Female<Male
Wit )=10.22, p=0.12, ABIC=-6.72 2.258, p=0.08, ABIC=-0.4 J=5.34, p=0.02, ABIC=0.96 IValz<Femals
GM )=3.74, p=0.71, ABIC=-23.26 0.50, p=0.48, ABIC=-4.00 |= 27.06, pe0.001, ABIC=23.44 Femalechale
dACC
¥2[6)=7.03, p=0.95, ABIC=-20.10 _ 32(1)= 0.005, p=0.95, ABIC=-5.5  33(1)=5.4, p=0.02, ABIC=1.1 Femzle<Male
IH-MRS
| Hippocampus
GLU | ¥*{7)=4.22, p=0.74, ABIC=-26.44 , 0=0.35, ABIC=-3.55 **{1)=0.84, p=0.36, ABIC=-3.53 =
GLN | ¥?(5)=4.50, p=0.60, ABIC=-21.54  p=0.17, ABIC=-3.56  ¥*(1)=4.57, p=0.03, ABIC=0.21 Female<Male
NAA|¥37)=6.37, p=0.50, ABIC=-24.13 L p=0.10, ABIC=-1.65  y*(1)=0.32, p=0.57, ABIC=-2.04 -
G5H | x}6)=6.37, p=0.45, ABIC=-21.46 , 001, ABIC=4.53 *¥M1)=2.72, p=0.09, ABIC=-2.65 Pre<post
dACC
LU | 3?(6)=10.48, p=0.11, ABIC=-16.32 . p=0.17, ABIC=-2.51 . peD01, ABIC=4.41 IMale<Female
7)=7.59, p=0.37, ABIC=-23.67 ,p=0.91, ABIC=-5.05 , p=0.12, ABIC=-2.03 =
, ABIC=-22.72 , p=0.05, ABIC=-1.3 , p0.01, ABIC=5.95 Ivizle<Female
, ABIC=-34.41 , p=0.83, ABIC=-3.65 ,p=0.13, ABIC=-2 81 =
Left Hippocampus , ABIC=-21.13 , p=0.65, ABIC=-4.33 **{1)=0.74, p=0.39, ABIC=-4.32 =
Right Hippocampus , p=0.33, ABIC=-3.43 #3{1)=0.01, p=0.94, ABIC=-4.42 =
Ghd L p=0.05, ABIC=-2.42 **{1)=0.85, p=0.36, ABIC=-4.43 =
CBV|
Left Hippocampus | ¥3{6)=4.34, p=0.63, ABIC=-22 24 p=0.01 ABIC=2.05 1)=15.21, p<001, ABIC=10.78 Mal=<Femals
Right Hippocampus | ¥*(6)=6.86, p=0.33, ABIC=-20.21 , p=0.06, ABIC=-1.12 , p=0.01, ABIC=2.00 Iale<Female
GM | ¥3{7)=8.23, p=0.31, ABIC=-22.70  ¥*(1)=0.98, p=0.32, ABIC=-3.43 , p=0.19, ABIC=-3.31 =
Myelination (R1)
W [eft Hippocampus | ¥3(7)=8.90, p=0.25, ABIC=-23.1 *2{1)=0.20, p=0.65, ABIC=-5.6 %*{1)=0.32, p=0.57, ABIC=-5.7 =
WM right Hippocampus | x3(7)=12.76, p=0.08, ABIC=-21.0 L p=0.52, ABIC=-4.1 ¥1)=0.53, p=0.43, ABIC=-4.1 -
Neurotrophic foctors
BONF | 3?(7)=11.08, p=0.14, ABIC=-20.20  p=0.33, ABIC=-4.50  y*(1)=0.05, p=0.82, ABIC=-4.40 -
VEGF | %3{7)=8.10, p=0.32, ABIC=-23.32 , p=0.53, ABIC=-4.0% **{1)=0.83, p=0.36, ABIC=-4.34 =
IGF|33(7)=4.49, p=0.72, ABIC=-17.06  33(1)=0.01, p=0.94, ABIC=-5.52  3(1)=159, p=0.21, ABIC=-3.10 -




Supplementary Table 3 | Exploratory analyses testing the association of all variables with
VO2max, and hippocampal or dACC volume change were conducted using linear models in R,
including the baseline measure of the explanatory variables, VO2max, and sex as covariates

(0=0.05).

VO2max | -
Bike-resistance | F(1,38)=7.46, p=0.01, R=168
Left Hippocampus
Whole | F(1,41)=0.51, p=0.48, B=1.74
Dentate Gyrus | F(1,42)=1.81, p=0.19, R=0.38
CA1 F(1,40)=0.82, p=0.37, B=-0.95
CA3 F(1,41)=0.88, p=0.36, B=0.17
wM | F(1,37)=0.03, p=0.86, B=-0.43
GM | F(1,38)=0.10, p=0.75, R=-1.06
Right Hippocampus
Whole | F(1,40)=0.51, p=0.48, B=2.18
Dentate Gyrus | F(1,42)=1.80, p=0.19, B=1.76
CA1 | F(1,40)=0.08, p=0.78, R=0.33
CA3 F{1,41)=0.88, p=0.36, B=-0.20
WM | F(1,37)=0.04, p=0.84, R=0.46
GM | F(1,36)=1.22, p=0.28, R=-3.47
dACC | F(1,40)=0.30, p=0.59, R=3.22
Hippocampus
GLU | F{1,26)<0.01,p=0.95, B=-0.002
GLN | F(1,27)=0.38, p=0.55, R=0.02
NAA | F(1,25)=0.07, p=0.80, R=-0.006
GSH | F(1,25)=0.99, p=0.33, =0.007
dAacc
GLU | F(1,25)=0.08, p=0.78, B=0.006
GLN | F(1,26)<0.01, p=0.98, R=0.001
NAA F(1,27)=7.14, p=0.01, B=0.04
GSH | F(1,26)=0.26, p=0.61, R=-0.002
CBF
Left Hippocampus | F(1,27)=1.08, p=0.31, B=-0.002
Right Hippocampus | F(1,27)<0.01, p=0.56, 8=0.001
GM | F(1,28)=3.06, p=0.06, B=0.35
cBvV
Left Hippocampus | F(1,27)=0.63, p=0.44, R=-0.01
Right Hippocampus | F(1,27)=1.86, p=0.18, B=-0.02
GM | F(1,27)<0.01, p=0.94, B=-0.01
Myelination (R1)
Left | F(1,37)=0.02, p=0.88, R=0.001
Right | F(1,36)=0.33, p=0.57, B=-0.001
BDNF | F(1,36)=6.84, p=0.01, B=23.01
VEGF | F(1,36)=0.02, p=0.89, R=-0.04
IGF | F[-1,36)=5.12, p=0.03, R=0.02




Supplementary Table 4 | Mean and standard deviation for pre- and post-exercise intervention

per variable.

Age (years)
Body Mass Index (kg/m?)

VO2max (kg/mL/min.)
Max. Heart Rate (beats/min.)

Resistance pre (watts)

Left hippocampus
Right hippocampus
dAcC

CBF

Left Hippocampus
Right Hippocampus
G

CBY

Left Hippocampus
Right Hippocampus
G

Myelination (R1)
Left

Right

Hippocampus
GLU
GLN
NAA
G5H

GLU
GLN
NAA
G5H

24033 +61.54

3025.33 £ 42842
312854 £484 38

358478 £832.14

42.24 £7.85
41.08 +7.2a9
4641 +7.25

2.13+0.56
213+0.78
2441057

2 43E-04 £ 2.90E-05
B.47E-04 + 3 75E-05

7800.77
117+0.56
175+0.38
10.23 £ 0.59

11671051
156+0.51
0.2 £0.07
10.8820.76

27354 +67.56

302476 £ 43252
312355 £ 461.99

4053 26 £ 84816

43.81£5.42
42732607
46611641

2.15+0.85
193 +0.75
2.8610.84

2.45E-04 + 2. 50E-05
B8.47E-04 + 3 75E-05

7.80+0.65
1.31+0.67
1.52+0.30
10.2020.48

11.75+053
1.56+0.48
0.52£0.10
10.93 2065

244 62 £ 4554

3082.54 + 350.55
3055.15 +334.10

424157 £ 682.49

47.031£3.40
4528 +9.15
48441543

211108
190077
245+0.42

8.51E-04 + 3.57E-05
8.60E-04 + 4 B5E-05

7602051
1.06+0.3%
1.71+031
9.9510.55

11.85+ 0.66
153034
050031
10.87 £ 0.64

HIGH-INTENSITY LOW-INTENSITY

FRE FOST FRE FOST

Mean £ 50 Mean £ 50 Mean £ 50D Mean £ 50
2312252 23.25%231 2415 +3.25 24432 +314
2330280 229612275 2396 +324 23.78+317
3721739 4160+ 665 37321658 3935 +738
186.601 841 186011826 18512 £7.53 187481731

26217 £45.45

3076.88 £ 346.14
3063.12 +335.44

425465 £ 875.18

448812775
4250+817
46.33+7.02

17410529
1.82+0.56
255064

28.41E-04 + 2 2BE-05
8.45E-04 + 3.00E-05

7751054
1.28+0.59
157064
10.12+£0.31

1158 £ 0.60
1.456+0.40
0591063
11.10+0.08




Supplementary Figure 2 | Exploratory analysis — associations with VO2max: Significant
associations of the change in power output during the VO2max test, NAA concentration in the
dACC, blood BDNF levels, and blood IGF levels with change in VO2max.
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2.3. Physical activity besides the intervention:

Minutes spent on physical activity did not change for either low- or high-intensity condition from
pre to post (low: t(37)=0.26, p=0.79; high: t(36)=-0.12, p=0.91). When splitting these hours up
into different categories we also did not find any changes from pre to post intervention in:
minutes spent walking (low: t(43)=0.85, p=0.40; high: t(45)=1.43, p=0.16); minutes spent on
intermediate activities (low: t(40)=0.80, p=0.43; high: t(41)=0.77, p=0.45).

Minutes spent on vigorous activities significantly changed only in the high-intensity group (low:
t(43)=-0.24, p=0.81; high: t(47)=3.46, p<0.01).
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