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ABSTRACT

SCHEEWE, T. W., T. TAKKEN, R. S. KAHN, W. CAHN, and F. J. BACKX. Effects of Exercise Therapy on Cardiorespiratory Fitness
in Patients with Schizophrenia Med. Sci. Sports Exerc., Vol. 44, No. 10, pp. 00-00, 2012. Background: Increased mortality in schizo-
phrenia is caused largely by CHD. Low cardiorespiratory fitness (CRF) is a key factor for CHD mortality. We compared CRF in patients
with schizophrenia to CRF of matched healthy controls and reference values. Also, we examined the effects of exercise therapy on CRF
in patients with schizophrenia and in controls. Methods: Sixty-three patients with schizophrenia and 55 controls, matched for gender,
age, and socioeconomic status, were randomized to exercise (n = 31) or occupational therapy (» = 32) and controls to exercise (n =27)
or life as usual (n = 28). CRF was assessed with an incremental cardiopulmonary exercise test and defined as the highest relative
oxygen uptake (VOzpcak) and peak work rate (Wpcac). Minimal compliance was 50% of sessions (n = 52). Results: Male and female
patients with schizophrenia had a relative \'/Ozpeak of 34.3 £ 9.9 and 24.0 + 4.5 mLkg ™ "min~", respectively. Patients had higher
resting HR (P < 0.01) and lower peak HR (P < 0.001), peak systolic blood pressure (P = 0.02), relative VOzpeak (P <0.01), Wpeax
(P <0.001), RER (P < 0.001), minute ventilation (P = 0.02), and HR recovery (P < 0.001) than controls. Relative VOzpcak was 90.5% *
19.7% (P < 0.01) of predicted relative VOzpeak in male and 95.9% + 14.9% (P = 0.18) in female patients. In patients, exercise therapy
increased relative VOzpe.dk compared with decreased relative VOzpeak after occupational therapy. In controls, relative VOzpe.dk increased
after exercise therapy and to a lesser extent after life as usual (group, P < 0.01; randomization, P = 0.03). Exercise therapy increased
Woeak in patients and controls compared with decreased Wieqx in nonexercising patients and controls (P < 0.001). Conclusion:
Patients had lower CRF levels compared with controls and reference values. Exercise therapy increased VOzpeak and W ¢, in patients
and controls. VOzpcak and W, decreased in nonexercising patients. Key Words: CARDIORESPIRATORY FITNESS, PHYSICAL

HEALTH, CARDIOVASCULAR EXERCISE, MORTALITY

chizophrenia is a severe and chronic psychiatric ill-

ness characterized by a marked decline in functioning.

Even after treatment with antipsychotic medication,
patients with schizophrenia typically are at high risk for
relapse and manifest multiple somatic comorbidities (20).
Patients with schizophrenia have a two- to threefold increased
mortality rate compared with the general population (41),
resulting in a 20% reduction in life expectancy (36). Up to
40% of excess mortality can be attributed to suicide and un-
natural deaths (12). In schizophrenia, standardized mortality
ratios of most major natural death categories are increased
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compared with the general population (i.e., digestive, endo-
crine, infectious, and nervous diseases) (36). The single
largest cause of death in patients with schizophrenia is
CHD. Patients with schizophrenia are two times more
likely to die of CHD than the general population (11).

Several lifestyle factors influence the physical health
status of patients with schizophrenia and negatively affect
their risk for CHD. Patients with schizophrenia are much
more likely to smoke, and 70% to 75% of patients with
schizophrenia can be classified as being physically inactive
and do not meet minimal physical activity recommendations
(15,30). In addition, patients with schizophrenia are more
likely to have a reduced nutritional status because of an un-
healthy diet (31). Moreover, many atypical antipsychotics
induce significant weight gain, increasing the risk of diabetes
mellitus Type II, the metabolic syndrome, and ultimately
CHD (33,35).

Besides the abovementioned factors, low cardiorespiratory
fitness (CRF) has been recognized as an independent risk
factor for all-cause mortality in adults and a key risk factor
for CHD-related mortality (5,26). A recent meta-analysis in
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the healthy population has shown an inverse association
between CRF and CHD. In men, low CRF was found to
predict mortality due to CHD even better than smoking, hy-
pertension, or diabetes (26). In schizophrenia, high-quality
studies investigating CRF are scarce (42). A cross-sectional
study reported obese patients with schizophrenia had low
CRF levels compared with population standards. Striking-
ly, only two participants in the entire sample (n = 117) fit
the categorization of “moderate fitness level.” All other
participants scored below population standards. This indi-
cates poor CRF is a key modifiable risk factor (37). Inter-
estingly, a recent trial showed that 8 wk of high-intensity,
anaerobic exercise training increased CRF in patients with
schizophrenia (22). A large Finnish cohort sample showed
adolescents who later developed psychosis, at the age of
15-16 yr, had a relatively low level of CRF (odds ratio, 2.2;
95% confidence interval, 0.6—7.8), as measured using a
submaximal cycle ergometer test (27).

To the best of our knowledge, no prior randomized con-
trolled trial has examined the effects of an exercise inter-
vention on CRF in patients with schizophrenia and matched
healthy controls. Thus, we studied whether CRF in patients
with schizophrenia is lower compared with matched phys-
ically inactive but otherwise healthy controls as well as
compared with reference values. Furthermore, we investi-
gated whether a 6-month exercise program improves CRF
in patients with schizophrenia and controls.

METHODS

Sample and setting. This multicenter study included
63 patients with a schizophrenia spectrum disorder and 55
healthy comparisons, matched for gender, age, and socio-
economic status (expressed as the highest educational level
of one of the parents). Patients were recruited at the Uni-
versity Medical Center Utrecht (The Netherlands) (n = 26)
and regional mental health care institutes (Altrecht, GGZ
Duin- en Bollenstreek, and GGZ Friesland) (n = 37). Par-
ticipants were enrolled in the study between May 2007 and
May 2010, written informed consent was obtained after the
procedures, and possible adverse effects were explained.
This trial was part of the TOPFIT project (The Outcome of
Psychosis and Fitness Therapy) and registered in the ISRCTN
register (http://www.controlled-trials.com/ISRCTN46241817/).
After baseline measurements, a computer-generated random-
ization procedure incorporating concealed allocation (ratio,
1:1), was performed with stratification for gender, recruitment
site, and body mass index (BMI, below or above 25). Patients
were assigned to exercise or occupational therapy, whereas
controls were assigned to exercise or life as usual for 6 months.
In specific, schizophrenia spectrum disorder patients had the
following diagnoses: schizophrenia (n = 45), schizoaffective
(n = 15), or schizophreniform disorder (» = 3) according to
the Diagnostic and Statistical Manual of Mental Disorders,
Sfourth edition (DSM-1V) (2). Diagnosis was confirmed by a
psychiatrist (WC, NV, or JS) using the Comprehensive As-

sessment of Schizophrenia and History (4). Patients were
stable on antipsychotic medication, i.e., using the same
dosage for at least 4 wk before inclusion. They showed no
evidence for significant cardiovascular, neuromuscular,
endocrine, or other somatic disorders that prevented safe
participation in the study (10). Patients had no primary
diagnosis of alcohol or substance abuse and had an intel-
ligence quotient (IQ) >70, as measured with the Wechsler
Adult Intelligence Scale Short Form (WAIS-III SF) (13).

Healthy participants (n = 55) were recruited from the
local population via advertisements. The inclusion criteria
for the healthy controls were no diagnosis of psychiatric
disorders according to DSM-IV lifetime, no first-degree
relative with a psychotic or depressive disorder, and being
physically inactive before inclusion (i.e., undertaking less
than 1 h of moderate physical activity weekly). The study
was approved by the Human Ethics Committee of the
University Medical Center Utrecht and research commit-
tees of participating centers.

Assessments. CRF was assessed with a cardiopulmo-
nary exercise test (CPET), performed using a 20-W-min '
stepwise incremental protocol to exhaustion on an upright
cycle ergometer (Lode Excalibur; Lode BV, Groningen, The
Netherlands). The test was terminated at voluntary exhaustion
or conforms criteria as mentioned by the American Thoracic
Society/American College of Chest Physicians recommen-
dations (3). CRF, the primary outcome measure, was de-
fined as the highest relative (mL'min~"kg ') mean oxygen
uptake at any 30-s interval during the test (VOzpeak) and the
peak work rate at the moment of exhaustion (Wpear) (6).
HR (12-led ECQG) and oxygen uptake were measured con-
tinuously during the CPET (MetaLyzer® 3B; Cortex Med-
ical GmbH, Leipzig, Germany). Before each individual
test, ergometer equipment was calibrated according to the
manufacturer’s instructions. Blood pressure was monitored
in a lying down position before commencement of CPET
and on the bike just before cessation of the test. Maximal
efforts at exhaustion were assumed when the peak RER
(REReqx, VCO,/VO,) equaled or exceeded 1.1 (17).

The following exercise parameters were reported, in ac-
cordance to the American Thoracic Society/American Col-
lege of Chest Physicians (3): resting HR (HR,cg, in bpm),
peak exercise HR (HR,cq, in bpm), peak systolic and di-
astolic blood pressure (mm Hg), relative peak oxygen up-
take level (VOzpeak, in mL'minﬂ'kg*]), absolute peak
oxygen uptake level (V Ospeak, in mL-min™ Y, peak minute ven-
tilation (Vgpeao in mL-min~ "), peak work rate (Wpea, in W),
RER pea, 0xygen pulse (Opuises VO2pear/HR peaic in mL-beat ")
as well as ventilatory anaerobic threshold (VAT, VO, in
mL-minfl), and difference between HR,..x and recovery
HR (HR after 5 min of recovery (biking at 50 W)) (HR ;s
in bpm). CPET data among patients with schizophrenia and
healthy controls were compared with reference values cal-
culated according to Jones et al. (25) for absolute VOzpeak
(mLmin~"), HRpear (bpm), Ozpyise; and VAT (VOy; in
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mL-min~"). For relative VOzpeak (mLmin~"kg™"), refer-
ence values according to Cooper and Storer (14) were used.

Intervention. The exercise intervention was designed to
improve CRF and primarily incorporated cardiovascular
exercises. Muscle strength exercises (six exercises weekly;
three times 10 to 15 repetitions maximum for biceps, tri-
ceps, abdominal, quadriceps, pectoral, and deltoid muscles)
were included to provide variation. The program followed
the recommendations of the American College of Sports
Medicine (ACSM) (1,28). Exercise therapy was supervised
by a psychomotor therapist. Information on amount of train-
ing and compliance was registered in a logbook. Exercise
subjects were prescribed an hour of exercise twice weekly
for 6 months. To prevent dropout of subjects due to injury
and exhaustion, exercise intensity was increased stepwise
(week 1-3, 45%; week 4-12, 65%; week 13-26, 75% of
HR reserve based on baseline CPET data (1).

Patients not randomized to exercise therapy were offered
occupational therapy 1 h twice weekly for 6 months. Occu-
pational therapy comprised creative and recreational activities.
Compared with exercise therapy, occupational therapy pro-
vided a similar amount of structure and attention, but no phys-
ical activation. Controls not randomized to exercise were
assigned to life as usual and were not allowed to incorporate
in moderate physical activity more than 1 h weekly.

Statistical analyses. SPSS 18.0.1 (SPSS, Chicago,
IL) was used to analyze the data. All statistical tests were
performed two tailed, and a P value of <0.05 was consid-
ered significant. Data were examined for outliers. All
analyses were performed with and without extreme outliers
to examine their influence on results. If of nonnormal dis-
tribution, logarithmic transformation was applied or non-
parametric testing was performed.

Baseline comparisons. Multiple ANOVAs for non-
categorical variables and y* analyses for categorical variables
were used to examine differences between groups in demo-
graphics and clinical characteristics. Univariate analyses were
used to examine baseline differences in HRyeo, HRpeqx,
HR,,cax, systolic and diastolic blood pressure, relative and
absolute VOZpeak: VEpeaka Wpeaka RERpeaka OZpulsea VAT as
well as HRy;¢r between patients and controls and between
exercise and occupational therapy/life as usual. Pearson
product-moment correlations were calculated to examine
the relation between age, BMI, and VOzpeak in both patients
and controls. In patients, correlations were calculated as well
between VO2pea_k and illness duration, severity of psychosis,
and antipsychotic medication used (in haloperidol equiva-
lent). Pearson product-moment correlations were also calcu-
lated to examine the relation between smoking (average
number of cigarettes per day) and percentage of reference
relative and absolute CRF.

Comparison with reference data. Paired sample #-
tests were performed to assess differences in individual
baseline and reference relative and absolute VOzpeak, HRpeaks
Ospuise- and VAT within subjects, stratified for gender and
group (patients vs. controls). Also, differences between

reference values and CRF results of patients and controls
were calculated and expressed in percentages such that the
reference value equaled 100%.

Effects of exercise therapy. For CRF change analy-
ses, minimal compliance was set at 50% of 52 sessions be-
cause a minimum workload is needed to be able to expect an
effect in untrained subjects (1). To assess time-by-time effects
for CRF parameters, repeated-measures ANOVAs were per-
formed with HR, s, HRp,cak, peak systolic and diastolic blood
pressure, relative and absolute VOipeak, VEepeaks Wpeaks
RER,cak, Ozpuises VAT, and HR i as dependent variables
and group (patient or control) and randomization (exercise
or occupational therapy/life as usual) as independent variables.
For relative and absolute V02pea_k analyses, baseline VOzpeak
was added as a possible confounder.

RESULTS

Baseline characteristics. Patients were randomized
to exercise (n = 31) or occupational therapy (n = 32),
whereas controls were randomized to exercise (n = 27) or
life as usual (n = 28). As shown in Table 1, controls were
matched to patients for gender, age, and socioeconomic status
(40), but as expected, controls had lower BMI (P = 0.01)
and higher IQ (P < 0.001). Furthermore, on average, patients
smoked significantly more cigarettes per day than controls
(P <0.001).

Dropout of patients was significantly higher in occupa-
tional therapy (n = 7) compared with exercise therapy
patients (n =2, x*(2) = 8.33, P = 0.02). One healthy control
(randomized to life as usual) dropped out because of seri-
ous physical illness. Although at that time undiscovered,
this physical illness was present before inclusion and was
unrelated to the study. It was the only (serious) adverse event
to take place during this trial. Baseline CPET was performed
in all included patients and controls. In one patient, no oxy-
gen measurements were acquired because of anxiety.

Thirty-nine patients (62%; exercise, n = 20; occupational
therapy, n = 19) and 53 controls (96%; exercise, n = 26; life
as usual, n = 27) met minimal compliance demands of 50%
of 52 offered sessions. Mean number of sessions in the final
group was not statistically different between exercise (41 + 8)
and occupational therapy patients (42 + 7, F(1,38) = 1.00,
P =0.32). However, compliance in the final patient group
was, albeit at trend-level significance, different from exer-
cise controls (45 £ 7, F(1,63) =2.95, P =0.09). There were
no significant differences between exercise and occupa-
tional therapy patients in clinical variables or dose and type
of antipsychotic or comedication (Table 2).

Baseline comparisons. At baseline, patients had
higher HR,.s (P < 0.01) and lower HRcox (P < 0.001),
peak systolic blood pressure (P = 0.02), relative VOapear
(P <0.01), Wpeai (P <0.001), RERpeai (P <0.001), Vigpear
(P =0.02), HR ¢ (P < 0.001), and, at trend-level signifi-
cance, lower absolute VOzpeak (P = 0.09) than controls. No
significant baseline differences between patients and controls
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TABLE 1. Baseline characteristics of all patients with schizophrenia and healthy controls.

Patients (n = 63)

Controls (n = 55) Group Analyses

EX (n=31) 0T (n=32) F P EX (n=27) LaU (n = 28) F P F P
Age, (yr) 292+72 30177 0.23 0.63 29.8 +8.3 288 +7.3 0.21 0.65 0.07 0.80
Height (cm) 179.1 £ 11.0 176.8 + 7.1 0.99 0.32 179.9 = 10.5 1765+ 9.6 1.56 0.22 0.03 0.86
Weight (kg) 84.6 +19.5 81.5 £ 191 0.41 0.53 778 £16.2 749123 0.54 0.47 451 0.04
Gender (M/F) 23:8 23:9 0.042  0.84 18:9 18:10 0.03” 0.85 0.79° 0.37
BMI (kg-m ) 26.6 + 6.6 26.0 £55 0.13 0.72 239+35 24.0+3.2 0.02 0.90 6.60 0.01
Parental education? 1(1), 3(1), 4(7), 2(2), 3(1), 4(3), 6.87°  0.33 4(2), 5(9), 2(1), 4(4), 5(9), 3.21° 052 6.79° 0.34
(level (count)) 5(14), 6(4), 7(4) 5(11), 6(11), 7(4) 6(8), 7(8) 6(10), 7(4)
Smoking (cigarettes 119+114 11.7+97 0.01 0.93 1+4 16+59 1.70 0.20  52.03 <0.001
per day)
1Q (0-155)° 85.5 + 11.4 88.9+ 18.8 0.77 0.38 110.3 + 13.8 105.9 + 13.7 1.39 025 5813 <0.001

Results are presented as mean + SD unless indicated otherwise. Significant results are presented in bold.
2 Socioeconomic status was assessed by parental education level according to Verhage (40).

5 Pearson x? test was used.
¢ Wechsler Adult Intelligence Scale was used to estimate total 1Q at baseline.
EX, exercise therapy; OT, occupational therapy; LaU, life as usual.

in peak diastolic blood pressure (P = 0.68), Ozpyise (P = 0.76),
and VAT (P = 0.20) were found between patients and con-
trols (Table 3). Except higher HR . in exercise therapy (78.3 =
16.3) compared with occupational therapy patients (69.5 +
12.5, F(1,62) = 5.86, P = 0.02), no baseline differences in
fitness scores were found between exercise versus occupa-
tional therapy patients or exercise versus life-as-usual con-
trols. Relative VOzpcak was not different in compliant (>50%)
versus noncompliant (<50%) patients (P = 0.65) and controls
(P = 0.86). Age was inversely correlated to relative VOzpeak
in male (r = —0.34, P = 0.01) but not in female (» = —0.39,
P =0.13) patients with schizophrenia and in male (»= —0.27,
P =0.12) and female (» = —0.20, P = 0.42) controls. BMI
was inversely correlated to relative VOzpeak in male (= —0.67,
P < 0.001) and female (» = —0.54, P = 0.03) patients with
schizophrenia and in male (» = —0.61, P < 0.001) and,
at trend-level significance, in female (» = —0.42, P = 0.08)

controls. There was a trend-level significant negative cor-
relation between VOzpeak and severity of psychosis in male
patients (r = —0.252, P = 0.091) but not in female patients
(r=—0.234, P =0.383). Both in male and female patients,
illness duration (males, » = —0.229, P = 0.125; females,
r = —0.181, P = 0.503) or antipsychotic medication use
(males, »= —0.173, P=0.263; females, = —0.201, P = 0.473)
was not significantly correlated with VOzpcak. Smoking
was inversely correlated to the percentage of reference
relative (r = —0.21, P = 0.02) and absolute (» = —0.24,
P <0.01) VOspeak-

Comparison with reference data. Individual base-
line relative and absolute VOzpeak values for male and fe-
male patients and controls are set out against reference

values in Table 4. Relative VOypea Was 90.5% + 19.7%

(P < 0.01) of predicted relative VOzpeak in male patients
with schizophrenia compared with 99.6% + 13.5% (P = 0.46)

TABLE 2. Clinical characteristics of included patients for exercise therapy and occupational therapy.

Treatment
EX (n=31) 0T (n=32) Analyses?

Characteristic Mean + SD Mean + SD F P
Diagnosis assessed with CASH (schizophrenia/schizoaffective disorder/schizophreniform disorder) (n patients) 24/611 21/9/2 1.12 0.57
Duration of illness (d) 2302.5 + 2056.5 2540.1 + 2233.2 0.19 0.66
Antipsychotic dosage (mg-d~")? 8.1+58 82 +46 0.01 0.93
Antipsychotic medicine (n (dose)): 5.35 0.80

Aripiprazole 4 (19) 4 (21)

Clozapine 8 (338) 8 (359)

Haloperidol 0 1(7)

Olanzapine 8 (14) 10 (16)

Penfluridol 2 (18) 0

Pimozide 1(8) 0

Quetiapine 2 (500) 2 (800)

Risperidone 4 (5) 3 (5)

Zuclopentixol 1(12) 1 (20)
Second antipsychotic (n patients) 4 7 4.40 0.62
Antidepressant (n patients) 1 7 1.43 0.23
Mood stabilizer (n patients) 0 3 5.26 0.07
Benzodiazepines (n patients) 8 5 1.12 0.57
PANSS total (measures severity of psychosis) 63.6 £ 11.2 61.7 + 101 0.51 0.48
MADRS (measures severity of depression) 16.6 + 8.3 13.8 £ 8.5 1.84 0.18
CAN sum® 84+29 83+34 0.03 0.86

Results are presented as mean + SD unless stated otherwise.

2EX and OT were compared at baseline on relevant clinical characteristics, depending on data, ANOVA, X2 , or Mann-Whitney U-tests used.

b Baseline antipsychotic doses in haloperidol equivalent in milligrams per day.
¢ CAN, sum of met and unmet needs.

PANSS, Positive and Negative Syndrome Scale; MADRS, Montgomery and Asberg Depression Rating Scale; CAN, Camberwell Assessment of Needs; EX, exercise therapy; OT,

occupational therapy; CASH, Comprehensive Assessment of Schizophrenia and History.
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TABLE 3. Baseline fitness scores for patients with schizophrenia and matched healthy controls.

Group
Patients (n = 63) Controls (n = 55) Analyses

Characteristic Mean + SD Mean + SD F P
HRyest (bpm)? 738 £15.0 67.3+9.8 7.52 <0.01
HRpeax (bpm)? 1728 +17.7 190.4 + 11.6 39.39 <0.001
Peak systolic blood pressure (mm Hg)? 169.3 + 19.6 178.8 + 221 5.94 0.02
Peak diastolic blood pressure (mm Hg)” 738 £125 728 £11.8 017 0.68
Relative VOapea (ML-min~"kg ") 316 +9.9 359+55 7.92 <0.01
Wogak (W)? 2185+ 515 255.0 + 54.1 14.06 <0.001
Absolute VOgpeax (ML-min~")? 2532.2 + 668.2 2736.0 = 627.0 2.87 0.09
Vepeak (ML-min~")2 95.7 + 26.0 106.6 + 25.2 5.30 0.02
RERpeak (VCOzpeak/Vozpeaka 127 + .15 1.37 + .09 21.16 <0.001
Oazpuise (VOzpear/HRpear)” 14.6 + 3.4 144+ 32 0.09 0.76
VAT (VO, in mL'min~ )2 1577.4 + 451.2 1690.5 + 496.1 1.669 0.20
HRgitr (bpm)? 39.4 £ 14.6 55.3 £ 12.6 38.83 <0.001

Significant results are presented in bold.
2 Higher score indicates superior fitness.
b | ower score indicates superior fitness.

in male controls. In female patients with schizophrenia,
relative VOspeax Was 95.9% + 14.9% (P = 0.18) of pre-
dicted relative VOzpeak versus 110.3% + 19.0% (P = 0.06)
in female control subjects. Absolute VOyp,cq in male patients
with schizophrenia was 95.5% + 20.7% (P = 0.12) of pre-
dicted absolute VOzpeak compared with 103.4% = 13.3%
(P = 0.17) in male controls. In female patients with schizo-
phrenia, absolute VOypea wWas 96.8% + 15.3% (P = 0.42) of
predicted values compared with 112.3% + 17.0% (P < 0.01)
in female controls.

CRF change. Six patients (exercise, n = 3; occupa-
tional therapy, n = 3) did not meet the maximal effort cri-
terion (RERpc. > 1.1) and were therefore excluded from
the peak exercise data analyses. In one patient (occupa-
tional therapy, n = 1), because of anxiety, no breath anal-
yses were assessed. For most subjects, peripheral muscle
fatigue (>50%) was the main reason for cessation of the
test. Other reasons for cessation mentioned were dyspnea
(+10%) and general fatigue (<10%).

In patients, exercise therapy increased relative V02peak,
whereas relative VOje decreased after occupational
therapy. In controls, increased relative VOzpeak was seen

after exercise therapy and, although to a lesser extent, after
life as usual (group, P < 0.01; randomization, P = 0.03).
Exercise therapy increased W, in patients and controls
compared with decreased W pc.x in occupational therapy
patients and life-as-usual controls (randomization, P < 0.001).
The change over time in W, differed, at trend-level sig-
nificance, between patients and controls (group x randomi-
zation, P = 0.09). Increased absolute VOzpeak levels were
seen in controls compared with patients (group, P = 0.03).
Also, absolute VOzpeak increased, at trend-level significance,
after exercise therapy (randomization, P = 0.07). After
exclusion of one outlier, the exercise effect was no longer
significant (randomization, P = 0.11). Increases in absolute
VOspeax did not differ between groups (group x randomi-
zation, P = 0.95). Reduced Oppu5c Was seen in patients
compared with controls (group, P = 0.03). A trend-level
significant exercise effect was seen for O,pyise (randomi-
zation, P = 0.08). Effects in Oypyise did not differ between
groups (group x randomization, P = 0.90). VAT increased
significantly after exercise subjects compared with non-
exercise subjects (randomization, P < 0.01). VAT effects did
not differ between groups (group x randomization, P =0.37).

TABLE 4. Actual baseline versus reference absolute and relative Vogpeak, HRpeak, and Ozpuise O all subjects plus the actual VAT and number of subjects who comply with VAT reference

demand, stratified for gender and group (patients vs. controls).

Male Patients (n = 46)

Male Controls (n = 36)

Actual Reference P Actual Reference t P
Relative VOzpea (mL-min~"kg 4 343+99 380+76 -3.26 <0.01 379+49 385+58 —0.74 0.46
Absolute VOgpea (ML-min~") 2762.4 + 596.8 2900.9 + 243.9 -157 0.12 3085 + 437 2994.3 + 293.1 1.40 0.17
HRpea (bpm)? 176.2 + 16.1 1916 + 4.3 —7.04 <0.001 193.8 + 10.0 191.7 + 4.8 1.26 0.22
Ozpuise. (VO2pear/HRpeak)? 15,6 + 2.9 151 +1.2 1.20 0.24 16.0 + 2.6 15.6 + 1.3 1.10 0.28
VAT (VO, in mL'min~")#? 17131 + 413.8 40/6 — 1863.2 + 483.1 35/1 — —

Female Patients (n = 16) Female Controls (n = 19)

Relative V/Oppeak (ML-min~"kg~")? 24.0 + 45 253 + 4.9 -1.40 0.18 321+45 29.6 + 4.9 2.02 0.06
Absolute VOppeax (ML-min~")? 1870.3 = 342.9 1928.9 + 168.0 -0.83 0.42 2074 + 317.9 1853.2 + 174.4 3.12 <0.01
HRpeax (bpm)? 163.8 + 18.9 188.4 + 5.5 <0.001 183.9 + 11.8 189.6 + 5.3 -2.23 0.04
Ozpuise (VO2pear/HRpea)? 114 +26 10.2 + 0.7 2.04 0.06 113+1.8 98+0.7 414 0.001
VAT (VO in mL'min~")*? 1187.3 + 309.0 16/0 — 1363.3 + 334.6 19/0 — —

Results are presented as mean + SD unless stated otherwise. Significant results are presented in bold.

? Higher score indicates superior fitness.

b VAT is presented as the number of subjects who comply versus the number of subjects who do not comply with VAT reference demand: VAT >40% VO, predicted.

¢ Lower score indicates superior fitness.
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No other group, randomization, or group x randomization
effects were seen (Table 5). Except for absolute VOspcax,
exclusion of outliers had no influence on results.

DISCUSSION

The current study examined CRF of patients with schizo-
phrenia as well as matched controls. Furthermore, the effect of
a 6-month biweekly exercise therapy on CRF was studied.
Male and female patients with schizophrenia had a relative
VOopear of 34.3 £ 9.9 and 24.0 + 4.5 mL-kg™ "min"', re-
spectively. Our results demonstrate that patients with schizo-
phrenia, on average, age 29 yr old, have reduced relative
VOspear and peak workload (W) compared with matched
and physically inactive healthy controls. In addition, com-
parison of individual and reference values for relative
VOzpeak shows 10%—15% reductions in CRF levels, espe-
cially in male patients with schizophrenia. In our study, the
difference in relative VOZpeak between patients and matched
controls (4.3 mLkg "min~") corresponds to a more than
13% increased mortality risk in patients with schizophre-
nia (26,34).

This randomized clinical trial is the first to examine the
influence of exercise therapy on CRF in patients with schizo-
phrenia. Moreover, CRF was assessed by “the gold standard”
graded exercise test with respiratory gas exchange analysis.
Results show exercise, once to twice a week for 6 months,
slightly increased relative VOzpeak and markedly improved
Wpeak in patients with schizophrenia compared with de-
creased relative VOzpeak and Wcai in nonexercising patients
with schizophrenia. Exercise therapy completely ameliorated
this progressive CRF decrease seen in nonexercising patients
with schizophrenia. In controls, exercise improved relative
VOypear by, on average, 2.2 mL-kg "min~" and Wyea by
9.6 W, indicating that the intervention was effective in in-
creasing CRF in healthy subjects.

Before 2011, only one cross-sectional study investigated
CRF through graded exercise testing in patients with
schizophrenia. Deimel and Lohmann (16) concluded that
patients with schizophrenia demonstrate lower aerobic—
anaerobic threshold but terminated the test at submaximal
workloads, indicating that maximal ergometer testing is
unreliable in these subjects. In the past year, four cross-
sectional studies were published examining CRF in schizo-
phrenia. Two of which incorporated submaximal exercise
testing (19,38) and two “gold standard” cardiopulmonary
exercise testing (21,37). Opposite to Deimel and Lohmann
(16), recent studies show CRF can be reliably assessed in
patients with schizophrenia, which is congruent with data
from our study (21,37). At baseline, all controls and all but
four patients with schizophrenia met maximal effort de-
mand (RERc.x > 1.1), although patients with schizophre-
nia did reach significantly lower average RERc.x values
than controls. This could in part be due to poorer CRF and
the fact that they are not accustomed to perform high-in-
tensity exercise.
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In accordance with previous CPET studies, our results
show decreased relative VOzpeak values in patients with
schizophrenia compared with age, gender, and socioeco-
nomic status matched controls (Tables 3 and 4). Compared
with the present study, Heggelund et al. (21) found higher
VOspear Values in male (37.1 £ 9.2 mL'kg "min~") and
female (35.6 + 10.7 mLkg ™ "-min ") patients. Given higher
average age (males 5.4 yr and females 2.6 yr older) with
comparable HR..x, this is opposite to expectation. Possi-
bly, the fact that somewhat lower VOs,e. values are
achieved in cycle ergometer protocols (present study)
compared with treadmill protocols (21) could explain these
differences (23). Another explanation might be that people
from Nordic countries have higher fitness levels (7).

As in our study, Strassnig et al. (37) incorporated cycle
ergometer tests. Yet, their participants had extremely low
relative VOzpeak values compared with the present study.
This is, at least in part, explained by a higher average age
(45 vs. 29 yr old) and BMI (37 vs. 26) compared with the
present study. In our data, as in Strassnig et al. (37), age was
inversely correlated to VOzpeak. The study by Strassnig et al.
(37) provides relevant information on increased cardiovas-
cular risk of obese patients with schizophrenia and possibly
describes a later stage of the illness. Given more heterogenic
patient characteristics, generalizability of results obtained
in this study appears to be better.

Our results demonstrate that exercise, only once to twice
a week for 6 months, increased relative VOzpeak and Wpeax
in patients with schizophrenia and inactive controls com-
pared with nonexercising patients and controls. Moreover,
contrary to nonexercising controls, relative VOzpeak and
Wieak reduced in nonexercising patients. The improvement
in VOzpeak in exercising controls was larger than that in
exercising patients. The difference in relative VOzpeak im-
provement may in part be due to higher exercise compli-
ance in controls compared with patients. In addition, there
is evidence that patients with schizophrenia experience
mitochondrial dysfunction, which may also affect their
ability to improve VOzpeak (39). However, Heggelund et al.
(22), although not using a randomized controlled trial,
showed that high intensity training (4 X 4-min bouts at
85%-95% of HR,cax) did increase relative VOzpeak by 12%
in patients with schizophrenia. Possibly, relative VOspeak
improvement in exercising subjects (patients and controls)
could have been more pronounced if training intensity had
been higher than 75% of HR reserve.

Our study is the first to show in a robust experimental
randomized controlled design that VOzpeak and Wc,i, both
CRF measures, decreased progressively in nonexercising
patients with schizophrenia. In addition, age was inversely
associated with relative VOzpeak, more so than that in
controls. Research has unequivocally shown decreased
VO, is associated to increased mortality in healthy males
and females (5,26). Evidence is growing that poor CRF is a
key risk factor for the development of CHD in patients with
schizophrenia also (16,19,21,37,38,42). Importantly, our

results indicate that, with only 1 to 2 h of exercise therapy
per week, this progressive decrease of CRF can be pre-
vented, which should lead to reduced mortality in schizo-
phrenia. We therefore recommend including exercise therapy
in the usual care of patients with schizophrenia.

There are some limitations to this study. First, because of
dropout and noncompliance, the longitudinal analyses were
performed on a relatively small number of patients. Never-
theless, the compliance rate of this study is comparable with
previously published exercise trials in patients with schizo-
phrenia and seems a normal feature in patients with schizo-
phrenia (9,29,32,43). Moreover, long-term exercise adherence
rates average 40% to 65% in healthy populations as well (24).
Still, especially in this patient group, therapy adherence is
problematic and should be improved. A recent study dem-
onstrated increased adherence to exercise regiments in
schizophrenia by incorporation of motivational techniques
(8). Second, higher exercise frequency, longer session du-
ration, and possibly individualized exercise intensity may
have improved patients’ CRF further. For improvement of
CREF in healthy subjects, the ACSM suggests at least three
exercise sessions a week (1). It is noteworthy that our trial
shows that only one to two exercise sessions of moderate
intensity lead to improved CRF. Third, because no follow-
up period was assessed after study cessation, it is not
known whether CRF improvements sustained, nor whether
patients have continued exercise regularly.

In conclusion, patients with schizophrenia had lower
CRF levels compared with inactive matched controls. Ex-
ercise therapy, 1 to 2 h a week for 6 months, was able to
increase relative VOZpeak and W, in exercising patients
and controls compared with nonexercising participants.
Furthermore, in nonexercising patients, CRF decreased
over the 6-month study period. Future studies should enroll
more patients and use longer follow-up periods to validate
our findings. Priority should be given to exercise adherence
improvement in patients with schizophrenia, for example,
by incorporating motivational techniques. Increased exer-
cise frequency, session duration, and individualized exer-
cise intensity could lead to more pronounced CRF benefits
in patients with schizophrenia (18,22).
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