
Schizophrenia Research 126 (2011) 103–109

Contents lists available at ScienceDirect

Schizophrenia Research

j ourna l homepage: www.e lsev ie r.com/ locate /schres
Low cardiorespiratory fitness and physical functional capacity in obese
patients with schizophrenia

Martin Strassnig a,b, Jaspreet S. Brar c, Rohan Ganguli a,b,d,⁎
a University of Toronto, Canada
b Center for Addiction and Mental Health, Toronto, Ontario, Canada
c Department of Psychiatry, University of Pittsburgh, Pittsburgh, Pennsylvania, USA
d University of Pittsburgh, USA
a r t i c l e i n f o
⁎ Corresponding author. Center for Addiction andM
8501x2102; fax: +1 416 583 3485.

E-mail address: Rohan_Ganguli@camh.net (R. Gan

0920-9964/$ – see front matter © 2010 Elsevier B.V.
doi:10.1016/j.schres.2010.10.025
a b s t r a c t
Article history:
Received 27 July 2010
Received in revised form 18 October 2010
Accepted 22 October 2010
Available online 13 December 2010
Background: Low cardiorespiratory fitness is a prominent behavioral risk factor for cardiovascular
disease (CVD) morbidity and mortality, as cardiorespiratory fitness is strongly associated
with CVD outcomes. High rates of CVD have been observed in the schizophrenia population,
translating into amarkedly reduced life expectancy as compared to healthy controls. Surprisingly
however, while cardiorespiratory fitness is an eminent indicator for overall cardiovascular health
as well as eminently modifiable risk factor for CVD, no studies have systematically assessed
cardiorespiratory fitness in schizophrenia.
Methods:Community-dwelling schizophreniapatients underwent graded-exercise tests, to ascertain
maximal oxygen uptake (Max Vo2), considered to be the gold standard for the evaluation of
cardiorespiratory fitness and physical functional capacity. The modified Bruce protocol was used to
ascertain cardiorespiratory fitness and physical functional capacity; data was normalized and
compared to population standards derived from the ACLS (Aerobics Center Longitudinal Study) and
the National Health and Nutrition Examination Surveys (NHANES), Cycles III and IV.
Results:Data for n=117 participants (41%male, 46%white)was analyzed.Mean age (y)was 43.2±
9.9, and mean BMI was 37.2±7.3. Peak HR attained during exercise was 145.6±19.6, after 8.05±
3.6 min, achieving 111.2±44.2W. Max Vo2 was 1.72±6.6 l/min, MaxVCo2 1.85±7.2 l/min, and
minute ventilation (VE) was 55.6±21.9 ml/s. PANSS Positive subscores (13.3±4.4; r=−0.21,
p=0.024) were inversely correlated with Max Vo2 ml−1min−1kg−1. Neither PANSS Total (56.3±
12.3; r=−0.105, p=0.72), PANSS Negative (14±5.1; r=−0.52, p=0.57) nor PANSS General
Psychopathology (28.4±7.4; r=−0.28,p=0.76) scoreswere correlatedwithMaxVo2 ml−1min−1

kg−1. Peak heart rate and duration of exercise were not correlated with PANSS scores. Compared to
healthy controls derived from the ACLS and NHANES, respectively, 115 participants achieved ‘low
levels’ of fitness only, as well as highly significantly reduced Max Vo2, across all age groups.
Conclusion: The test was generally well received and tolerated by those who elected to participate;
and adherence to the protocol was good. Among participants with schizophrenia, most of whom
were obese, and across all age groups, cardiorespiratory fitness was exceedingly poor. Only two
participants in our entire sample fit the categorization of ‘moderate fitness level’; that is, a fitness
level at or above the 20th percentile of ACLS-derived population comparisons. Conversely, this left
98.3% of participants with schizophrenia below population standards. Low cardiorespiratory fitness
emerges as an eminent modifiable risk factor for CVD mortality and morbidity in schizophrenia
complicated by obesity.
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1. Introduction

High rates of cardiovascular disease (CVD) have been
observed in the schizophrenia population, translating into a
life expectancy that is reduced by as much as 20–25% in
comparisonwithmentally healthy controls (Hennekens, 2007).
The reasons are complex and include unhealthy lifestyles, poor
diet, little exercise, and cigarette smoking (Brown et al., 1999;
Strassnig et al., 2006), in addition to treatment with antipsy-
chotic medication, which can add deleterious metabolic
consequences by themselves (Newcomer, 2005).

This has lead to the untenable situation that, despite
improved outcomes with respect to psychiatric symptoms,
social functioning, and quality of life, the mortality gap for
patients has not narrowed, but may actually be worsening
(Saha, Chant & McGrath, 2007). A therapeutically unsustain-
able situation, it coincides with a relative lack of research into
lifestyle-related adverse sequelae that would in all likelihood
identify causative mechanisms and risk factors that could
represent targets of intervention to mitigate, close or even
reverse that gap (Koivukangas et al., 2010).

One lifestyle factor, low cardiorespiratory fitness has been
recognized as a prominent behavioral risk factor for cardiovas-
cular disease (CVD)morbidity and an independent risk factor for
all-cause mortality in adults (Blair et al., 1989; Kampert et al.,
1996). Higher cardiorespiratory fitness decreases overall mor-
tality rates, and morbidity and mortality due to CVD in a dose–
response fashion (CDC, 1996). These associations are quite
robust and have been demonstrated to be largely independent
from other major risk factors (Elekund et al., 1988; Blair et al.,
1989, 1996). Together with anecdotal observations of sedentary
behavior and lack of exercise in schizophrenia patients that may
far exceed population standards (Faulkner et al., 2006; Lindamer
et al., 2008, Sharpe et al., 2006), cardiorespiratory fitness in
schizophrenia emerges as amajor modifiable risk factor for CVD
and overall morbidity and mortality (Vancampfort et al., 2010).

At the same time, the literature regarding cardiorespiratory
fitness in schizophrenia remains insufficient. No studies have
systematically assessed cardiorespiratory fitness in patients
treated for schizophrenia, facing known deleterious lifestyles
and chronic treatment with antipsychotic medication. More-
over, to our knowledge, neither the response to structured
physical exercise nor its tolerability has been systematically
examined in patients with schizophrenia. This would aid in the
development of targeted interventions to improve cardiorespi-
ratory fitness and physical health in patients with schizophre-
nia, and identify specific subgroups that may be at especially
high risk for CVD due to low cardiorespiratory fitness.

2. Methods

2.1. Study population

Between 2005 and 2008, overweight and obese communi-
ty-dwelling patients with a DSM-IV diagnosis of schizophrenia,
schizoaffective disorder and psychotic disorder NOS were
recruited from the outpatient clinic and partial hospital at the
Schizophrenia Treatment and Research Center, at Western
Psychiatric Institute andClinic, University of PittsburghMedical
Center, Pittsburgh, PA, for a clinical trial on weight loss. The
subjects in the parent study were asked if they were willing to
participate in graded-exercise tests (GXTs), but this was not a
requirement for continuing in the parent protocol. Less than
half of the individuals in the clinical trial agreed to undergo
GXT. Reasons for accepting or declining, were not tracked.
TheGXT is considered to be the gold standard for the evaluation
of cardiovascular fitness and overall physical functional
capacity, and a standardized GXT protocol at the University of
Pittsburgh Medical Center's ONRC (Obesity and Nutrition
Research Center), using the Bruce protocol (Myers et al., 1991),
was used.

The University of Pittsburgh IRB approved the study; all of
the participants gavewritten consent prior to the GXT. The GXT
was completed at baseline before any behavioral weight loss
intervention took place. Each individual was asked to verify
demographic, clinical and medication information with regard
to history of chronic disease, currentmedications, and cigarette
smoking habits. Information was verified by chart review.
Subjects received a physical examination and baseline electro-
cardiogram (ECG), and those deemed to have a medically
unstable condition or ECG abnormalities were excluded from
the GXT. Body weight and height were recorded. BMI was
calculated.

2.2. Graded-exercise test (GXT) procedure

Participants, dressed lightly, completed the GXT on a
stationary cycle ergometer, and those deemed to exceed the
ergometer safety weight limits (N400 lbs; n=2) were asked to
complete theGXTona treadmill. Preparationwas as follows: The
subjects were asked to sit down comfortably on the ergometer
after removing excess clothing,were then connected to a 12 lead
ECG and an automatic sphygmomanometer, and had a rubber
face mask fitted to comfortably enclose their mouth and nose.
The facemask was then connected via flexible tubes to an open-
circuit spirometer for themeasurement of gas exchange. Prior to
each test session, the gas analyzerswere calibratedwith certified
gases of known standard concentration.

After a brief rest period to get familiarizedwith the setup and
adjusted to the facemask, the exercise test was initiated; speed
remained constant throughout each subsequent 2 min testing
stagewhile resistancewas increased. During the last 10 s of each
exercise stage and at the point of test termination, heart ratewas
measured from a 12 lead ECG, blood pressure was measured by
an automatically inflating sphygmomanometer, and rating of
perceived exertion (RPE) was obtained using the 6–20 category
Borg Scale (Borg, 1974). For safety, bloodpressurewasmeasured
during the last 45 s of each even minute exercise stage (i.e.,
stages 2, 4, 6, etc.) and for a defined period after test termination
using a manual sphygmomanometer. Using the standard test
termination criteria of the American College of Sports Medicine
(ACSM, 2005; Gibbons et al., 2002), the test was terminated at
voluntary exhaustion or if the patient reported signs or
symptoms of exercise intolerance (i.e., muscular fatigue, signif-
icant ST depression and ischemia, or complex arrhythmias).

Cardiorespiratory fitness was expressed as maximal oxygen
uptake (Vo2max ml−1min−1kg−1). Peak exercise time was
recorded in minutes; peak exercise capacity was estimated as
metabolic equivalents (METs). OneMET is defined as the energy
expended at rest, which is equivalent to an oxygen consumption
of 3.5 ml kg−1 of body weight per minute and peak exercise
capacity as MET (metabolic equivalent) was estimated from
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speed and resistance using standardized quotations where
V02 (ml kg−1min−1)/ [0.1 ml kg−1 m−1 s(m min−1)]+
[1.8 ml kg−1 m−1 s(m min−1)G]+3.5 mL kg−1 min−1;
s=speed and r=resistance in percent. METS=Vo2 (ml kg−1

min−1)/3.5 ml kg min−1. Predicted Vo2max was calculated
as follows, for males: VO2max=14.76−(1.379×time)+
(0.451×time2)−(0.012×time3) and for females: VO2max=
(4.38×time)−3.90, whereas time=max time. Predicted max-
imum heart rate was calculated as follows: 220 −age.

To ascertain cardiovascular fitness and exercise capacity
among study participants, study results categorized by age
and gender were compared to reference data derived from US
population surveys including the Aerobics Center Longitudi-
nal Study (ACLS; Blair et al., 1989), and the National Health
and Nutrition Examination Survey (Duncan et al., 2005;
Wang et al., 2010; Sanders and Duncan, 2006).

The Borg Scale is a 15-point linear Likert scale and measures
subjective, i.e., perceived exertion/exercise intensity (including
heart rate, respiration effort, soreness and fatigue). Exertion is
rated on a scale of 6–20; between 7 and 8 is ‘very light’ exertion.
Eleven is a light levelof exertion. Fifteenwouldbeconsistentwith
a level of heavy resistance. A level of 20 cannot be sustained.

2.3. Statistics

TheNHANES survey design is a stratified probability sample
of the US population. Details of the NHANES protocol and
testing procedures are available elsewhere (http://www.cdc.
gov/nchs/abutmajro/nhanes/datalink.htm#1999%20Current%
20NHANES). All individuals aged 12–49 years were eligible to
participate in the cardiovascularfitness component of NHANES.
The final sample consisted of 1978 adults who had complete
data available for the analysis (Duncan et al., 2005).

The ACLS (Blair et al., 1989; Mahler et al., 1995) stratifies
data according to fitness levels. Low cardiovascular fitness is
defined as MET below the 20th percentile of the same sex and
age group, a moderate fitness levels is a value between the
20th and 59th percentile; and a high fitness level is at or
above the 60th percentile (also see Table 2 later).

SPSS (forwindows) softwarewas employed for data analysis.
Descriptive analysis including mean, range and standard
deviation for continuous variables was carried out to determine
whether the variables were normally distributed and frequency
counts for categorical data (for example gender, race, etc) were
done to examine the proportions of the GXT were examined for
the whole group, for males and females and for Caucasians and
AfricanAmericans. IndividualGXTvalues suchasmaxVo2,METs,
were categorized according to standard fitness-level cut-offs
derived corresponding values observed in the National Health
and Nutrition Examination Survey, Cycle III (NHANES III; Alaimo
et al., 1994; McDowell et al., 1994). Student t-tests and where
appropriate Fisher's exact tests, chi-square tests and ANOVA
were employed to look for statistical differences between the
means of 2 variables. Confidence interval was 95% throughout.

3. Results

3.1. Exercise capacity

From among n=260 subjects who were recruited to
participate in the behavioral weight loss trial, n=117 subjects
(41% male, 46% white) were elected to participate in the GXT.
Mean age (y) of those subjects was 45.1±10.1, and mean BMI
was 36.7±7.5. Antipsychotic medications included clozapine
(n=21), olanzapine (n=15), risperidone (n=28), quetiapine
(n=10), ziprasidone (n=7), aripiprazole (n=19), and
antipsychotic polypharmacy (n=19). Psychopathology was
measured with the Positive and Negative Symptom Rating
Scale (PANSS; Kay et al., 1987) and scores were as follows:
PANSS Positive subscores were 13.3±4.4, PANSS Negative
subscores 14±5.1, PANSS General Psychopathology subscores
were 28.4±7.4, and PANSS Total scores were 56.3±12.3.

Resting BP was 124 (11)/80(10), and resting HR was 88±
14. Peak HR attained during exercise was 142±21, after 7.7±
3.4 min, and peak BP was 161±21 and 82±9. Maximal watt
attained was 103.4±45.2; corresponding to a Vo2max of
1635±687 ml/min, a VCo2 max of 1741±731 l/min and a
minute ventilation (VE) max of 49±19.9 ml/s. This equates
to a max MET of 4.4±1.75. The anaerobic threshold (AT)
amongst all participants was surpassed at 1.06±0.5. The rate
of perceived exertion was 15(±2), indicating ‘hard to very
hard work’ (Table 1).

Compared to individual age-predicted maximal values
(ACLS derived), study subjects achieved 38±16% of maximal
MET 12±3; 83% of maximal predicted heart rate (171±7);
and 42±11% of maximal V02 uptake, 2648±916 ml/min.
One hundred and fifteen (n=115; 98.3%) out of the total
participant number of 117 fell in the age-adjusted ACLS ‘low
fitness category’. Two participants fell in the ‘moderate fitness
category’. No participant reached the ACLS ‘high fitness
category’ (Table 2).

Age was inversely correlated with Max Vo2 ml−1min−1

kg−1 (r=−0.184, p=0.047), max watt attained (r=−0.215,
p=0.021), duration of exercise (r=−0.315, p=0.001); peak
heart rate (r=−0.261, p=0.024), but not with RPE (r=0.151,
p=0.104). BMI was inversely correlated with Max Vo2 ml−1

min−1kg−1 (r=−.0207, p=0.025), but notwithmaxminutes
(exercise time; r=0.038, p=0.691), or RPE (r=−0.54,
p=0.561). PANSS Positive subscores (13.3±4.4; r=−0.21,
p=0.024) were inversely correlated with Max Vo2 ml−1

min−1 kg−1. Neither PANSS total scores (56.3±12.3; r=
−0.105, p=0.72), PANSS Negative (14±5.1; r=−0.52,
p=0.57), nor PANSS General Psychopathology (28.4±7.4;
r=−0.28, p=0.76) subscores were correlated with Max
Vo2 ml−1min−1kg−1. Peak heart rate, duration of exercise,
and RPE were not correlated with PANSS total scores, PANSS
Positive, Negative, and General Psychopathology subscores.

There was no difference across antipsychotic medications
in Max Vo2 ml−1 min−1 kg−1 (F=0.942, p=0.47), max VE
(F=0.427, p=0.86), RQ (F=0.28, p=0.94),maxwatt attained
(F=0.91, p=0.49), max minutes (F=1.25, p=0.29) or RPE
(F=0.54, p=0.78).

Males (n=46) had higher Max Vo2 ml−1min−1kg−1 than
females (n=71, 18.7±6.8 vs. 13.4 ±4.6; p=0.017, t=2.45),
maximum MET (5.4±1.9 vs. 3.8±1.3; p=0.017, t=2.43) but
not maximum minutes (8.9±3.9 vs. 7±2.8; p=0.104,
t=1.65), and peak heart rate (144±20 vs. 140±21; p=0.5,
t=0.68), RPE (15.6±1.7 vs,14.5±2; p=0.96, t=−0.46).

There were no differences in BMI (27.1±7 vs. 37.4±6.9;
p=0.92, t=−0.106), Max Vo2 ml−1min−1kg−1 (19.1±7.3
vs. 17.9±5.7; p=0.6, t=0.527) and RPE (15.6±1.8 vs. 15.8±
1.7; p=0.69, t=−0.4) between white (n=32) and black

http://www.cdc.gov/nchs/abutmajro/nhanes/datalink.htm#1999%20Current%20NHANES
http://www.cdc.gov/nchs/abutmajro/nhanes/datalink.htm#1999%20Current%20NHANES
http://www.cdc.gov/nchs/abutmajro/nhanes/datalink.htm#1999%20Current%20NHANES


Table 1
Population distribution, cardiorespiratory fitness.

Cardiovascular fitness level Population males Population females

(age) 20–39
Low b10.8 b8.6
Moderate 10.9–13.3 8.7–10.8
High N13.3 N10.8

40–49
Low b9.9 b8.1
Moderate 10–12.4⁎ 8.2–9.9
High N12.4 N9.9

50–59
Low b8.9 b7.2
Moderate 9.0–11.3+ 7.3–8.9
High N11.3 N8.9

60+
Low b8.1 b6.3
Moderate 8.2–10.3 6.4–8.1
High N10.3 N8.1

Maximal MET cutoff points for low, moderate and high cardiovascular
fitness, adapted from the Aerobics Center Longitudinal Study (2002).
⁎, + One male study participant each, in the 40–49 year group (n=1) and
50–59 year group (n=1), respectively, reached moderate levels of fitness
respectively; all other participants (n=115), male and female, age-adjusted
only reached low levels of fitness.

Table 2
Study participants, cardiorespiratory fitness.

Schizophrenia Healthy controls

Males Females Males Females

(age) 20–29 20–29

n=5 n=7 n=675 n=576

BMI 44.1±3 9 39.5±9.5
Vo2 ml−1min−1kg−1 18.5±5.9 14.9±4.3 44.5±0.4 36.5±0.4

pb0.0001 pb0.0001
t=95.9 t=83.7

Minuteventilation(VE) 62.3±26 44±17
Watt 150±66 107±31
Minutes 12±4.2 8.6±3
MET 5.3±1.7 4.2±1.2
%PredMaxHR a 82.4±11 80±10
%PredMaxVo2+ 65±8.1 44.5±4.5

30–39 30–39

n=10 n=14 n=574 n=542

BMI 42±7.8 38.9±8.6
Vo2 ml−1min−1kg−1 22.3±6.2 15.6±5.2 42.8±0.5 35.4±0.4

pb0.0001 pb0.0001
t=63.6 t=82.3

VE 64±13 47.6±10.8
Watt 138±32 96±35
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,
,

Minutes 10±2.8 8.5±3.2
MaxMet 6.4±1.8 4.5±1.5
%PredMaxHR 87±1.4 78±8
%PredMaxVo2 66.5±18 69±21.6

40–49 40–49

n=19 n=29 n=458 n=425

BMI 37.6±6 35.8±5.3
Vo2 ml−1min−1kg−1 19.8±7.1 13.3±4.7 42.2±0.6 34.4±0.5

pb0.0001 pb0.0001
t=96.4 t=86.8

VE 66±17.1 36.4±9.6
Watt 142±53 83±25.1
Minutes 8.6±4.1 6.2±1.7
MaxMet 5.6±2.1 3.8±1.3
%PredMaxHR 80±13 80.5±10
%PredMaxVo2 65.4±23.5 61.6±16

50–59 50–59

n=21 n=23

BMI 33.8±4.3 34.±8 9
Vo2 ml−1min−1kg−1 17.1±6.5 12±3.7 b

VE 59.7±22 38±13.7
Watt 116±38 75±33
Minutes 7.2±3.3 6.5±3.2
MaxMet 4.9±1.9 3.4±1
%PredMaxHR 81.7±8.4 81±15.3
%PredMaxVo2 58±23 62±18

a %PredMaxHR=Percentage of expected maximal heart rate.
+ PredMaxVo2=percentage of expected maximal Vo2 ml−1min−1kg−1

b NHANES population GXT data available until age 49 (Duncan et al., 2005)
males (n=14). White males exercised longer (max minutes
9.7±4.2 vs. 7.1±3.2; p=0.039, t=2.12). Among females,
white females (n=23) had significantly lower BMI (33.8±9.8
vs. 37.7±6.4; p=0.049, t=−2) than black females (n=48)
and significantly higher Max Vo2 ml−1min−1kg−1 (15.3±5.5
vs. 12.6±3.9; p=0.017, t 2.45). There was no difference in
maximum minutes spent exercising (7.8±3.1 vs. 6.5±2.6;
p=0.1, t=1.65) or RPE (14.4±2.3 vs. 14.5±1.9; p=0.96, t=
−0.46).

3.2. Tolerability

Termination reason wasmuscular soreness (n=52, 44.5%),
shortness of breath (n=10, 8.5%), physical fatigue n=32,
27.3%, drymouth (n=3, 2.6%),medical (n=1;0.8%), and other
(n=21, 18%). Nineteen subjects developed ECG changes
during the GXT (16.2%), eleven of which (9.4%) showed ST-
wave changes (10 nonspecific, 1 terminated) and ten of which
showed rhythm abnormalities (i.e., extrasystoles, PVCs). No
subject had to be terminated due to GXT-induced rhythm
abnormalities, but one subject presented to the GXT lab with a
previously undetected baseline sinus arrhythmia and had to be
referred to emergency care after ECG leads were placed and
before the protocol was started.

4. Conclusions

The graded-exercise test, considered the ‘gold standard’
for examination of cardiorespiratory fitness, was generally
well received and tolerated by those who elected to
participate and their adherence to the rather demanding
protocol was good. Among the study participants, all of whom
were suffering from schizophrenia of various illness dura-
tions, cardiovascular fitness was exceedingly poor. All but
two participants met ACLS criteria for ‘low fitness’ levels,
referring to the lowest quintile of age and sex adjusted fitness
levels according to a standardized US population sample.
.

.

Looking more closely, there was a highly significant differ-
ence in Vo2max – hallmark of cardiorespiratory fitness –

between subjects and population comparisons. Even more
worrisome yet, the lack of cardiorespiratory fitness among
participants was not confined to older age groups, but was
present in the youngest age group as well. These findings are
consistent with those of a handful of recent studies that have
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investigatedfitness levels; in earlypsychosis patients, reporting
poor cardiorespiratory fitness and little habitual physical
activity (Koivukangas et al., 2010); and among hospitalized
patients with schizophrenia, showing low physical activity and
fitness levels (Chamove, 1986).

High rates of subjectively perceived exertion (RPE) together
with a Respiratory Quotient that indicates that the participants
had, on average, reached the anaerobic threshold (Wasserman
et al., 1973) during the GXT, i.e., had exceeded their sustainable
exercise performance capabilities, indicating that most partici-
pants exerted themselves up to close to their physiological
limitations. In the subset of participants who gave no physical
termination reasons (18%), motivational and self-efficacy
issuesmayhave imparted limitations on their exercise capacity,
that is, they may have been able to continue longer with the
GXT before terminating. Overall however, because the average
cardiovascular fitness among participants is so low, functional
capacity, i.e., the physical ‘functional reserve’ is reached quickly
and indicates a state ofmarked physical deconditioning,mostly
observed in chronic medical— as opposed to psychiatric illness
(Fleg et al., 2000).

The subjects in this study were all overweight or obese, and
questions may arise as to whether obesity itself explains the
lowered fitness of the schizophrenia subjects. In general,
overweight and obese subjects may not have an impaired
Vo2max (Leger, 1996). The limiting factor in aerobic activities of
the obese individual is not usually the cardiorespiratory system
but rather a limitation in their sub-maximal aerobic capacity, as
indicatedbyhigher sub-maximal heart and respiratoryexchange
rates, and a shorter time to exhaustion (Goran et al., 2000).
Stateddifferently,maximaloxygenconsumptionof fat free tissue
(predominantlymuscle) ismostly independent of body fatmass.
Thus, we suspect that obesity, by itself, does not explain the poor
physical fitness of our subjects.

Health implications are profound. Low cardiorespiratory
fitness predicts an 8 to 9 fold increased risk of cardiovascular
death over a follow-up period of 8.2 years (Blair et al., 1989).
Physical activity is inversely correlated with morbidity and
mortality from several chronic diseases, including CVD (Harring-
ton et al., 2009). Strong evidence supports that increased
cardiorespiratoryfitness improves several parameters of physical
health including body weight and composition (Rippe and Hess,
1998), glucose control (Boulé et al., 2001), blood pressure
(Kokkinos et al., 2009), and lipid profile (Kelley et al., 2005).
These associations of sedentary habits to health risk are
independent of confounding by other well-established risk
factors, such as smoking, diet, or socioeconomic status (Blair
et al., 1989).

At least two important conclusions can be drawn, relevant
for obese patientswith schizophrenia. 1) Low cardiorespiratory
fitness is an eminently modifiable risk factor, as it closely
correlates with habitual physical activity. Because maximal
aerobic capacity (i.e., Vo2max) at any given time is inversely
related to the initial level of fitness (Astrand, 1976), a
previously sedentary person may experience a highly relevant
– as much as a 25% – increase in VO2max after as little as
8 weeks of structured training (Wilmore et al., 2001), that is,
receive substantial health benefits from only a short period of
physical exercise. Data from the ACLS indicate that moderately
fit men and women have approximately half the risk (e.g., 50%
lower) of all-cause mortality compared with their low fit
counterparts. Because the level of cardiorespiratoryfitnessmay
be extremely low in patients with schizophrenia, amounting to
a state of deconditioning and a very low capacity for sustained
physical activity that is high in intensity, activities promoting
low to moderate activity levels may serve the population well
and lead to highly relevant improvements in health prospects.

2) On a more fundamental level, cardiorespiratory fitness
translates directly into the ability to engage in aerobic, i.e.,
oxygen-using, work, and as such, is a requirement for all
activities of daily living (Levinger et al., 2009; Fleg et al.,
2000). Cardiorespiratory fitness, in this context, becomes an
important predeterminant for health-related quality of life,
and increases in cardiorespiratory fitness commensurately
increase functional capacity (Fleg et al., 2000). In addition,
several studies point to a relationship of physical activity and
mental health, that is, they have shown how physical activity
improves mental health status in a variety of domains, including
depression, anxiety and overall mental well-being (Moses et al.,
1989; Babyak et al., 2000; Mather et al., 2002; Acil et al., 2008;
Schmitz et al., 2004). Regular physical exercise to improve
cardiorespiratory fitness practiced by patients with schizophre-
nia can be a useful non-pharmacological application to improve
their mental states, quality of life, and functional capacity
(Faulkner and Biddle, 1999; Menza et al., 2004; Fogarty and
Happel, 2005; Lindenmayer et al., 2009). A handful of small
studies confirm positive outcomes in these domains, most
notably in the physical fitness of residents (Fogarty and Happell,
2005), overall however, physical exercise prescription remains a
neglected intervention in schizophrenia (Callaghan, 2004).

There are several limitations of this study. The subjectswere
all overweight or obese with themean BMI for the group in the
moderate to severe range. Thiswasnot a randomsampledrawn
from thepopulation, nor a random sample froma defined clinic
population, but a subset of individuals who had initially
volunteered to take part in a weight loss study. Accordingly,
caution is recommended in generalizing the results to all or
most personswith schizophrenia. The results are most likely to
be applicable to obese individuals with schizophrenia, which
does, however represent a large proportion of people suffering
from this disorder. Unfortunately neither NHANES nor ACLS
provides BMI stratified exercise data, limiting our ability to
draw conclusions from our own data, which is derived from
overweight and obese patients. On the other hand, most of the
exercise capacity/physical fitness literature available reports
Max Vo2 ml−1min−1kg−1, that is, uses Vo2max data relative
to bodyweight. This is anacceptedmethodwhenanalyzing and
reporting exercise comparisons between exercise performance
of normal weight and obese subjects (Goran et al., 2000).
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