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Background and Hypothesis: Individuals at clinical high
risk for psychosis (CHR-p) are less fit than nonclinical
peers and show hippocampal abnormalities that relate to
clinical symptoms. Exercise generates hippocampal neuro-
genesis that may ameliorate these hippocampal abnormal-
ities and related cognitive/clinical symptoms. This study
examines the impact of exercise on deficits in fitness, cogni-
tive deficits, attenuated psychotic symptoms, hippocampal
volumes, and hippocampal connectivity in individuals at
CHR-p. Study Design: In a randomized controlled trial,
32 individuals at CHR-p participated in either an exercise
(n=17) or waitlist (no exercise) (n = 15) condition. All par-
ticipants were sedentary at use and absent of current anti-
psychotic medication, psychosis diagnoses, or a substance
use disorder. The participants completed a series of fitness,
cognitive tasks, clinical assessments, and an MRI session
preintervention and postintervention. The exercise inter-
vention included a high-intensity interval exercise (80% of
VO,max) with 1-minute high-intensity intervals (95% of
VO, max) every 10 minutes) protocol twice a week over 3
months. Study Results: The exercise intervention was well
tolerated (83.78% retention; 81.25% completion). The ex-
ercising CHR-p group showed that improved fitness (pre/
post-d = 0.53), increased in cognitive performance (pre/
post-d = 0.49), decrease in positive symptoms (pre/post-d =
1.12) compared with the waitlist group. Exercising individ-
uals showed stable hippocampal volumes; waitlist CHR-p
individuals showed 3.57% decreased hippocampal subfield
volume. Exercising individuals showed that increased
exercise-related hippocampal connectivity compared to the
waitlist individuals. Conclusions: The exercise intervention

had excellent adherence, and there were clear signs of
mechanism engagement. Taken together, evidence suggests
that high-intensity exercise can be a beneficial therapeutic
tool in the psychosis risk period.
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Introduction

Exercise may be a promising intervention for individuals
across many stages of psychosis, including those at clin-
ical high risk for psychosis (CHR-p)."” Psychosis is asso-
ciated with poor physical health,61°12 which extends to
those at CHR-p who are less active,'® less fit,'* and experi-
ence more barriers to exercise.!*!3!” Moderate to intense
aerobic exercise engages neurogenesis and the production
of brain-derived neurotrophic factors for the maintenance
of healthy neurons in the hippocampus.'” This mech-
anism may be particularly impactful in CHR-p popula-
tions who have decreased hippocampal volumes®?* and
abnormal shape.?® These hippocampal abnormalities also
may relate to clinical symptoms, cognitive symptoms,
and severity in course of psychosis.>* Moderate to intense
aerobic exercise interventions may combat these disease-
driven hippocampal pathophysiology.*!320-25-27

Increased neurogenesis and plasticity>**2® in the hip-
pocampus after exercise’* may address a broad range of
hippocampal-mediated behaviors impacted in psycho-
pathology®**>?% In formal psychosis, hippocampal pa-
thology has been well documented’!%2-232-31 Pajonk et
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al showed that aerobic exercise increased hippocampal
volume by 14% in schizophrenia patients and that this
volume increase was proportional to the improvement
in cardiovascular fitness (ie, VO,max), hippocampal-
dependent cognition (ie, working memory), and total
psychosis symptoms.?® Despite this evidence,”® meta-
analyses of exercise interventions in psychosis*> show that
there is frequently no increase in hippocampal volume in
the exercise intervention group. Instead, these studies
find a stable hippocampal volume in the exercise group
and significant decreases in volume within the no exercise
group.®?%3 The latter suggests that exercise intervention
may prevent pathogenic decreases in hippocampal vol-
umes,”®* and may be an effective early intervention for
individuals with or at high-risk for psychosis.

The promise that exercise interventions show in psy-
chosis disorders*$* extends to individuals at CHR-
p.” Notably, even those individuals at CHR-p that do
not convert to psychosis show elevated risk for poor
physical and mental health outcomes (eg, lower cardi-
ovascular fitness,'* depression,** anxiety,*-3¢ sleep dis-
turbance’ ), all of which may benefit from exercise
intervention. Beyond these broad benefits individuals
at CHR-p have decreased aerobic fitness,'* decreased
hippocampal volume,?*** and related cognitive deficits
such as episodic memory dysfunction, specific mechan-
isms that are directly engaged addressed by exercise inter-
vention.**? Mittal et al found that objectively assessed
greater physical activity (ie, actigraphy) was related to
larger gray matter volume and better occupational func-
tion in individuals at CHR-p at a single timepoint.'?
With few exceptions,”'*!* much of this research relies on
retrospective, self-reported evaluations of fitness, which
are often biased or inaccurate,'* and studies rarely ma-
nipulate fitness or activity level as an intervention in a
lab setting.” Indeed, randomized controlled trials have
focused on psychosocial, pharmaceutical, or combined
(ie, psychosocial with pharmaceutical) interventions
for individuals at CHR-p.** Despite recent initiatives
greatly expanding comprehensive care for individuals in
early psychosis,* these programs are not widely avail-
able, are resource demanding, and experience prob-
lems with treatment engagement.*> Although there is
some evidence that certain psychosocial and pharma-
ceutical treatments may reduce or delay conversion to
psychosis,* they do not improve cognition or negative
symptoms.** In contrast, exercise has shown benefits
to both cognition and negative symptoms and could be
a beneficial treatment target.>>*

In a supervised, open-label exercise intervention by
Dean et al, CHR-p individuals who participated in aer-
obic exercise showed reduced positive symptoms and im-
provements in both hippocampal-occipital connectivity
and cognitive function.” In this study, individuals were
assigned to exercise on a treadmill either twice a week
or 3 times a week. Despite many areas of improvement
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(symptoms, cognition, hippocampal-occipital connec-
tivity), there was no improvement in fitness (ie, VO,max).
This study demonstrated the tolerability, feasibility, and
benefits of exercise for individuals at CHR-p. However,
this study lacked a waitlist control group for comparison.
This methodological approach is not able to account for
symptom remission, which is particularly important in
CHR-p populations that experience an estimated 43%—
59%°! remission within a 12-month period. It is thus crit-
ical to examine the impact of exercise intervention in a
randomized controlled trial.

The current study is the first randomized controlled
trial to examine the potential benefits of exercise inter-
ventions for individuals at CHR-p in terms of cardi-
ovascular fitness (VO,max), hippocampal-dependent
episodic memory, attenuated psychosis symptoms, and
hippocampal subfield volumes. This study extends find-
ings from an open-label, phase one study!*'® that dem-
onstrated the potential benefits and feasibility of exercise
interventions within a CHR-p group. First, this study
reports important features of retention and feasibility
in the methodological approach and the efficacy of the
exercise intervention in improving fitness. Next, ana-
lyses investigate the impact of the exercise intervention
on hippocampal-dependent episodic memory and at-
tenuated psychotic symptoms with the expectation that
treatment will improve cognitive and clinical symptoms.
Then, randomized groups were compared in terms of
hippocampal subfields volume changes (potential bene-
fits of exercise and risk-related processes in the waitlist
group) with the expectation that exercise will increase
hippocampal volume. Finally, hippocampal-occipital
connectivity was compared across groups over time to
replicate and extend the open-label exercise study that
observed increased exercise was associated with increased
hippocampal-occipital connectivity.’”

Methods

Overview

This trial was preregistered (https://clinicaltrials.gov/
ct2/show/NCT02155699). All clinical interviewers, neu-
ropsychological assessors, and neuroimaging research
staff were blinded as to the status of participants until
the study was concluded. Individuals were screened for
eligibility; inclusion criteria included the presence of an
attenuated psychosis syndrome and a current sedentary
lifestyle. Participants were excluded for the current psy-
chosis, antipsychotic prescription, or a substance use dis-
order. Eligible participants were then randomized into
intervention conditions, which were balanced by gender,
by a staff member that was excluded from all rating and
data collecting activities. All participants completed
VO,max, clinical symptom and diagnostic assessments,
and an MRI session at the beginning and end of the
study. After all pretrial assessments, individuals assigned
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to the exercise group completed 3 months of moderate to
intense aerobic exercise.

Participants

Eligibility Criteria. The inclusion criteria included the
presence of an attenuated psychosis syndrome diag-
nosed with the Structured Interview for Psychosis-
Risk Syndromes (SIPS)*? (see supplementary material)
and current sedentary lifestyle. Consistent with past
exercise interventions, the current study used individ-
uals who were considered sedentary—meaning that
they did not complete more than 60 min of maximal
heart output per week for at least the past 6 months.
Individuals were also excluded for onset of a substance
use or psychosis spectrum diagnosis during the clinical
trial and incomplete exercise sessions. The final sample
was racially diverse including 44.4% White/Caucasian,
25.9% Black/African American, 11.1% Central/South
American, 7.4% South Asian, 3.7% East Asian, and
7.4% Interracial. A full account of these exclusions
is provided in figure 1 and supplementary materials.
The conversion to psychosis rate among the waitlist
group (11.8%) is similar to established rates of conver-
sion (11% to 21.7%) for CHR-p individuals within a
12-month period; there were no conversions in the ex-
ercise group.’*

Exercise Protocol. After the pretrial assessment, par-
ticipants were randomized into the exercise or waitlist
conditions. The exercise group participants completed
a 3-month exercise treatment twice a week at moderate
to intense levels of aerobic exercise (24 sessions over 12
weeks). To limit the perceived barriers to sessions,' par-
ticipants were provided with free transportation to the
sessions, after the session access to healthy snacks and
refreshments were provided. Participants received paid
compensation after each session. All sessions were con-
ducted as one-on-one sessions by the same exercise phys-
iologist under the supervision of a physician to build
rapport with participants and ensure consistency in the

protocol. These high-intensity interval exercise sessions
were tailored to the individual’s exercise fitness level based
on the baseline VO, max assessment. For initial tolerance,
the treadmill exercise intensity was set to elicit 55% of
the participant’s VO,max which was increased to 80%
gradually over the first 3 weeks. During the remainder
of the trial (21 weeks), the 2 weekly, treadmill sessions
were designed to elicit 80% of VO,max for the majority
of the time with 1-min high-intensity intervals at 95% of
VO,max, every 10 minutes for 3 repetitions for a total of
30 mins.*? This protocol was adapted from findings in the
open-label pilot study, which suggested that fewer ses-
sions and higher intensity of exercise were needed.” After
the exercise intervention, participants repeated the base-
line visit again with separate study staff who were blinded
to their exercise intervention status.

VO,max Assessment. VO,max was assessed via. a mod-
ified Balke protocol® by an exercise physiologist under
the supervision of a physician. In this modified Balke
protocol, the treadmill speed was individualized in a pro-
cedure to elicit 70% of the age-predicted max heart rate
and ratings of a “somewhat hard” perceived exertion
(RPE). Then, the speed of the treadmill remained the
same throughout the test, but the incline of the tread-
mill belt increased 2% every 2 min (or 2.5% for speeds 6
mph or greater) to exhaustion. Tests generally lasted 812
minutes to attain the recommended target for VO,max
testing.>

Cognitive Assessment. Intelligence was assessed with
the Wide Range Achievement Test (WRAT) reading
subscale, which is considered to be a valid estimate of
the premorbid intelligence quotient.”’” Relational and
Item-Specific Encoding Task’®* was used to probe
hippocampal-specific cognitive function, and recogni-
tion accuracy (d-prime) was used as the primary outcome
variable (see supplementary information).

Clinical Assessments. The SIPS>? was administered to de-
tect the presence of a prodromal syndrome for inclusion in

Enrolled in the Study (n=37):*
Exercise Condition (n=18)
Waitlist Condition (n=20)

Randomly Assignment balanced for sex

Withdrew from Study (n=6):
5 male/1 female
Waitlist condition (n=6)
Exercise condition (n=1)*
*prior to first exercise session

3-Month Intervention Period (n=31):
14F/17M
Exercise Condition (n=17)
Waitlist Condition (n=14)

Final Sample (n=25):
11 F/14M
Exercise Condition (n=13)
Waitlist Condition (n=12)

Incomplete Exercise Intervention*(n=3):
2 male/l female
completed at least 76.46% of sessions

Onset of Cannabis Use Disorder (n=2):

0 male/2 female

1 exercise condition/ 1 waitlist condition
Conversion to Schizoaffective diagnoses (n=1):

1 male/0 female
0 exercise condition/ 1 waitlist condition

Fig. 1. Sample retention and exclusion over protocol.
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the study as an individual at CHR-p and to formally assess
attenuated negative and positive symptoms at both pretrial
sessions and posttrial sessions. SCID was administered at
pretrial to rule out formal psychosis and assess for other
psychiatric disorders; the study sample included individ-
uals with comorbid current diagnoses of depression, anx-
iety, and substance use disorders at similar rates previously
reported in larger samples of CHR-p populations (see sup-
plementary table S1).* This interview was completed at
baseline and at all follow-up visits to detect any diagnostic
changes (eg, onset of SUD or conversion to psychosis),
and at a one-year follow-up that assessed conversion to a
psychosis disorder (see supplementary information).®!

MRI Acquisition and Processing. Magnetic resonance
imaging scans were acquired with a 3-Tesla Siemens
Prisma magnetic resonance imaging scanner (Siemens
Healthineers, Erlangen, Germany) at the Center for
Translational Imaging and a standard 64-channel head
coil. Structural images were collected with a T1-weighted
3D magnetization prepared rapid gradient multi-echo
sequence (axial plane; TR = 2170 ms; TE = 1.69 ms;
GRAPPA parallel factor = 2; 1 mm?® isomorphic voxels,
FOV = 256 mm; flip angle = 7°, time = 13:46 minites).
These data were analyzed using the automatic 7.1
FreeSurfer software.®* An automatic hippocampal sub-
region segmentation package (“segmentHA_T17)%¢
identified and extracted hippocampal subfield volumes.
Resting-state functional images were acquired with T2*-
echo-planar imaging (TR = 0.55s; TE = 0.22s; FA = 47°;
2.0 X 2.0 x 2.0 mm voxel; 590 volumes). All data were
preprocessed with FSL.v.6.0 (see supplementary informa-
tion). ROI to ROI analyses (CONNv.20.b.) compared
the conditions (exercise > waitlist) across timepoints
(posttrial > pretrial) in terms of bilateral hippocampus-
occipital lobe connectivity. The hippocampus and occip-
ital lobe ROIs were chosen based on a hippocampus to
whole brain connectivity study of exercise interventions
in individuals at CHR-p’ in the phase one, pilot study
upon which the current study is based.

Analytical Strategy. All analyses were conducted using
a mixed-effects model approach, where the individual
effects were accounted for as random effects and vari-
ables were nested within time (pretrial, posttrial). In the
hippocampal analyses, total substructures were examined
first, but descriptions of changes in main structures and
subfields are provided for transparency (see supplemen-
tary information).

Results

Adherence and Tolerability of Intervention

This study retained 83.78% of the participants enrolled for
a total of 17 in the exercise condition, and 14 in the final
waitlist condition for a total of 31 participants (45.16%

Exercise Intervention in Individuals at Clinical High Risk for Psychosis

female) with complete data. Six individuals withdrew from
the study prior to the completion of the protocol. Of the
individuals who withdrew from the study, 83.33% were as-
signed to the waitlist condition. Only one individual as-
signed to the exercise group withdrew and did so prior
to completing any exercise sessions (relative risk of treat-
ment condition drop out [RR] = 0.30). Among exercising
CHR-p individuals, 81.25% of the sample completed all 24
exercise sessions. Among the exercising CHR-p individuals
that completed partial sessions (1 = 3), 76.36% of sessions
were attended (M = 18.3 sessions; SD = 3.78). Individuals
with onset of new and significant smoking behavior (of
any substance) that may negatively impact cardiovascular
health and mechanisms to be examined during the ran-
domized control trial period were excluded from analyses
(n = 2 onset of cannabis use disorder, figure 1).

Final Sample Description

Our sample included 25 participants (46.88% female).
Despite nearly half of the sample being female, there was a
significant sex difference in the random assignment to ex-
ercise or waitlist such that 84.6% of the waitlist was female
and 15.4% of the exercise group, ¥2 = 9.00, P =.003. There
were no significant differences in age, #23) = 1.47, P = .16.
The exercise and waitlist groups did not differ in terms of
VO,max, #23) = 0.73, P = .47, at pretrial. There was no
group difference in pretrial symptoms (p’s < .35), cognitive
tasks (P’s < .15), or hippocampal volume (P = .28).

Health Metrics (VO2max)

There was a significant exercise condition by time interac-
tion in VO max, F(1,25) = 4.81, P = .038, figure 1A. The
exercise group showed an increased VO,max over the ex-
ercise intervention that was larger than the waitlist group.
There were no significant main effects of exercise con-
dition or time (P’s > .51). Groups significantly differed
posttrial (figure 2A and table 1).

Relational and Item-Specific Encoding Task

There was a significant exercise condition by time inter-
action in accuracy on the Relational and Item-Specific
Encoding (RiSE) task, F(1,13) = 14.81, P = .0027 (figure
3), such that the exercise group increased recollection ac-
curacy and the waitlist group decreased recollection ac-
curacy (table 1). There was also a significant main effect
of exercise condition group (F(1,11) = 8.60, P = .014)
and time (F(1,11) =14.23, P = .0031). The waitlist group
started out higher than the exercise group and stayed
higher at posttrial (d = 0.55).

Clinical Symptoms.

There was a significant exercise condition group by time
interaction, F(1,25) = 5.31, P = .03 (table 1, figure 2B);
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Fig. 2. Mean VO,max, RiSE performance, and clinical symptoms by randomized control condition over time.
Table 1. Demographic and Clinical Group Comparisons at Baseline
Exercise Waitlist Statistics
Sex* 11 female 2 male 3 female 10 female %2 =9.00, P =.003
Mean SD Mean SD Cohen’s d
Age 21.15 1.72 21.57 1.78 -0.24
Positive symptoms 12.08 3.52 13.5 39 -0.38
Negative symptoms 5.54 3.87 7.33 5.45 —-0.38

*There was a significant difference in sex between groups which was modeled as a covariate in subsequent analyses; no other significant

differences were present among the baseline variables P’s < .16.

the exercise group showed a decrease in positive symp-
toms over the exercise intervention that was larger than
the waitlist group. Negative symptoms were not signifi-
cantly changed by the exercise intervention condition by
time, F(1,25) = 0.33, P = .57 (table 1 and figure 2C).

Hippocampal Subvolumes

There was no significant exercise condition group by
time interaction in hippocampal total subvolumes
(F's = 2.61-90.14; P’s = .12-.71). However, there were
significant main effect of the exercise condition group
in the subiculum (F(19) = 6.56, P = .02), such that the
exercise group had larger subiculum volumes that re-
mained larger (table 2). Within the subiculum, there was
a general pattern of decreases in volume in the waitlist
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group, and stable volume in the exercise group showed
(figure 3). The right subiculum body showed a signifi-
cant main effect of group (F(18) = 11.80, P = .003), and
moderate, insignificant effects of time (F(18) = 3.57, P
= .07), and group by time interaction (F(18) = 3.12, P
=.09).

Hippocampal Connectivity

There was a significant exercise condition group by
time interaction in hippocampal-occipital connectivity
(figure 4), such that exercise was associated with in-
creased hippocampal-occipital connectivity, F(1,21) =
4.67, P-FDR = 0.042, such that connectivity increased
in the exercise group and decreased in the waitlist group
(table 1).
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Subiculum

The above figure shows all hippocampal subfields that were examined in the sagittal (A.) and coronal (B.) view; Exercise was only related to
the the subiculum (C.).
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Fig. 3. Hippocampal subiculum subfields by randomized control condition over time: (A) All hippocampal subfields that were examined

in the sagittal and (B) Coronal (upper panel) view; exercise was only related to the subiculum (graph in lower panel) (C) And is displayed
above (upper panel).
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Table 2. Mean Fitness, Cognitive, Clinical Symptoms, Hippocampal Subfield Volumes, and Connectivity by Randomized Control

Condition and Timepoint

Exercise Waitlist
Pretrial Posttrial Change (d) Pretrial Posttrial Change (d)

VO, max 33.92(7.4) 38.2(7.8) 0.54 31.48 (8.87) 32.97 (10.18) 0.16
BMI 25.5(2.65) 25.11 (2.82) 25.01 (7.81) 25.73 (7.24)
RiSE task 2.75(0.45) 3.00 (0.57) 0.49 3.73(0.44) 3.13(0.56) —0.083
WRAT 105.83 (13.38) 114.83 (13.64) 114.8 (14.97) 110.4 (12.26)
Positive symptoms 12.08 (3.52) 8 (3.46) 1.12 13.50 (3.90) 11.38 (3.82) 0.55
Negative symptoms 5.54 (3.87) 4.38 (3.84) 0.31 7.33 (5.45) 6.67 (4.68) 0.13
Hippocampal subfields (mm?)

Total subiculum 889.184 (111.674)  889.868 (111.375)  0.006 772.823 (108.34)  762.393 (126.12)  —0.089

Head 393.723 (54.263) 394.896 (55.394) 0.021 346.718 (58.485)  342.567 (62.993)  —0.068

Left 196.268 (25.966) 197.508 (26.01) 0.048 177.011 (31.148)  173.907 (33.563)  —0.096

Right 197.456 (30.647) 197.388 (31.974) 0.048 169.707 (29.142)  168.659 (31.903)  —0.034

Body 495.461 (70.247) 494.972 (70.351) 0.007 426.105 (68.505)  419.826 (70.448)  —0.09

Left 251.337 (41.901) 253.196 (40.779) 0.045 221.768 (44.178)  223.293 (38.355)  —0.037

Right 241.776 (33.678) 244.123 (33.742) 0.07 204.336 (30.57) 196.534 (35.879)  —0.234
Hippocampal-occipital 0.15(0.11) 0.07 (0.12) 0.67 0.06 (0.15) 0.11 (0.18) -0.29
connectivity (b-values)
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Fig. 4. Hippocampal resting-state connectivity by randomized control condition over time: (A) Hippocampal and Occipital regions
of interest entered into the connectivity model displayed in MNT 125 2 mm space, (B) slopes in connectivity values for each CHR-p
participant at each timepoint, (C) randomized control condition group averages and distributions in connectivity over time.

Symptoms at 1-year Follow-up

There were no differences between groups at 12-month
follow-up in terms of total positive symptoms (exercise: M
=8.89, SD =4.26; waitlist: M = 9.0, SD = 2.93). Negative
symptoms (exercise: M = 4.57, SD = 4.89; waitlist: M =
7.5, SD = 5.45) did not significantly differ (#(13) = 1.09, P
=.29) but showed a moderate effect size (d = 0.56).
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Discussion

A 3-month period of regular and intense exercise shows
the potential for promoting health, reducing positive
symptoms, and attenuating pathophysiology associated
with CHR-p.?® These findings also extend and confirm
previous findings from an open-label, phase one pilot
study of exercise in individuals at CHR-p that also found



exercise related to improvements in cognition, clinical
symptoms, and brain features.” Critically, exercise inter-
ventions may be particularly useful in addressing the
associated vulnerability and consequences of progres-
sive hippocampal pathology characteristic of psychosis
risk. 223265 The exercise intervention showed signs of
maintenance of subiculum volume in the exercise group
and a decreasing subiculum volume in the waitlist.*
Finally, exercise involves minimal risk and interference
as an additive treatment alongside traditional early inter-
ventions® yet has positive implications for mental health.%

The exercise intervention was well tolerated and effec-
tive for individuals at CHR-p; individuals engaged in the
exercise intervention were 33% less probably to drop out
compared with the waitlist group, which is lower than
typical dropout rates reported for psychotherapy (RR
= 1.55), pharmacological (RR = 1.59), and nutritional
(RR = 1.49) interventions or in individuals with psy-
chosis undergoing a similar protocol (1.13).2%67% Indeed,
no individuals withdrew from the study during exercise
interventions, and all participants completed at least
76.46% of the exercise sessions. Although more research
is needed on the study components that impact adher-
ence, addressing known perceived barriers to exercise
may have aided in the retention of participants.!® For ex-
ample, providing transportation to address accessibility
and one-on-one sessions with the same exercise physi-
ologist to reduce self-perception barriers.'”> This study
adds to a growing literature demonstrating that exercise
interventions are both feasible and well tolerated in in-
dividuals at clinical high-risk for psychosis.®”*” These
findings highlight the importance of examining exercise
intervention in the early risk phase of psychopathology.
Indeed, exercise interventions may be particularly ben-
eficial in individuals at CHR-p due to high adherence/
engagement and fewer comorbid physical diseases than
individuals with chronic psychosis.

Cardiovascular fitness was significantly improved by
the exercise intervention. The improvement in fitness
(12.62% increase in VO, max) is similar to the 5%-18%
improvement of fitness seen in the psychosis literature, >
addressing the deficits in physiological fitness reported in
extant literature.'"* Meta-analyses of exercise intervention
in psychosis suggest that the benefits of exercise are dose-
dependent; this validation may indicate a sufficient dose
to improve fitness.*

Episodic memory was improved, ie, recognition accu-
racy,®* in the exercising CHR-p group. In contrast, indi-
viduals on the waitlist started with higher accuracy scores
that decreased posttrial; though it remained higher than
the exercising group, even when accounting for stable es-
timates of intelligence.’” Notably, the study design had no
initial balancing for cognition. This lack of initial cog-
nitive balance resulted in group differences”-’”> may un-
derestimate cognitive gains made by exercising CHR-p
individuals. The observed cognitive gains are consistent

Exercise Intervention in Individuals at Clinical High Risk for Psychosis

with the open-label pilot study”!® and a larger psychosis
literature.!243

Exercising CHR-p individuals showed a decrease in at-
tenuated positive symptoms compared with the waitlist
group. Although both groups showed some reduction in
positive symptoms (statistical regression), the improve-
ment was more significant in the exercising CHR-p group
compared to the waitlist group. This finding is consistent
with previous literature, which found exercise to be ef-
fective in decreasing positive symptoms in individuals
at CHR-p’ and with a psychosis diagnosis.*”® Exercise
interventions may be an excellent companion treatment
to reduce positive symptoms.”™ Indeed, the exercise in-
tervention showed a similar effect (¢ = 1.12) to reported
effect sizes for psychosocial treatments (¢ = 0.89-1.12)7
and medication with psychosocial combinations (d =
1.03-1.18).7

Exercising CHR-p individuals did not show significant
increases in hippocampal subfields (0.97% increase); how-
ever, they also did not show the decrease in hippocampal
volume that was observed in the waitlist condition (3.97%
decrease). This decrease in volume has been previously
observed in independent samples of individuals across
the psychosis risk spectrum at a single timepoint® and
in individuals with psychosis in the waitlist groups (3%—
17% decrease) in other exercise intervention studies.®?5
Similarly, many studies report no relationship between
exercise®* or physical activity'® and hippocampal volume
in individuals along the psychosis spectrum. These find-
ings are consistent with neural diathesis-stress models of
psychosis, which suggest that cascading mechanisms of
stress® may result in a loss in gray matter volume” in re-
gions like the hippocampus that are particularly sensitive
to stress and central to psychosis deficits.?!

Hippocampal-occipital functional connectivity was
significantly increased in the exercise group compared
to the waitlist group. Although the current sample size
was small, it is notable that the exercise group showed a
moderate effect size (d = 0.64), while the waitlist group
showed a small decrease in connectivity over the same
time period (d = —0.29). Additionally, this finding par-
tially replicates and extends the open-label pilot study’
which found that hippocampal-occipital connectivity in-
creased after exercise in a whole brain, exploratory ana-
lyses. These findings may suggest that acrobic exercise
may address hippocampal dysconnectivity associated
with psychosis risk.?"?

The present study had many strengths, but there are
also several opportunities for growth in future studies.
It is a notable limitation that the current sample size is
small; however, the current sample size (17 exercise, 14
waitlist) is comparable or larger than extant random-
ized control studies in psychosis (sample size per group:
8-17).1:2287881 CHR-p individuals make up a heteroge-
nous population® %4 future studies should consider het-
erogeneity in clinical and cognitive symptoms in larger
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samples. Negative symptoms did not reduce in the exercise
intervention as expected,”!'>3%7 but the negative symp-
toms were relatively low in all conditions. Future studies
would also benefit from within-session exercise fidelity
data and expanded cognitive batteries. Finally, there are
several benefits of exercise not examined by the current
study, including increases to brain-derived neurotrophic
factors and other neurotrophins, serotonin, and quality
of sleep, as well as reductions in negative factors, such as
decreasing inflammation and cortisol, among other met-
abolic impacts. Recent reports suggest that among indi-
viduals with psychosis spectrum disorders enhancement
of aerobic fitness may extend aerobic exercise’s benefits
beyond cognition to affective and social functioning as
well.® Future longitudinal research is needed to deter-
mine whether sustaining exercise promotes long-term
gains and mitigation of symptom progression.

These findings represent preliminary evidence in a
larger critical body of future work in exercise interven-
tions in individuals at CHR-p. Future research should ex-
amine exercise intervention in terms of longitudinal aims
to fully investigate long-term gains and continued en-
gagement in fitness behaviors as well as the influence on
clinical course, each of which involves unique modeling
challenges. For continued fitness engagement, it may be
necessary for the intervention to be more accessible for
long-term engagement (eg, mobile gaming system?% or
in the context of established community health facil-
ities). Additionally, there may be unaddressed barriers to
long-term fitness engagement including factors such as
medications, life events, medical issues, personality/self-
efficacy, resources, culture, and more.">¥ Insights from
future exercise intervention research would also help ad-
dress potential long-term adherence issues while making
provisions to model other possible disease mechanisms
that exercise may be influencing.®®' Tt will also be im-
portant for future studies to build wider scale interven-
tions with larger samples able to examine heterogeneity
in symptoms and response (ideally including diversity
in culture and potentially international sites). The con-
clusions from these future studies would be critical for
designing intermediary RCT trials that may further op-
timize and solidify implementation for clinical and com-
munity translation.
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online.
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