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1. Introduction
Sedentary behavior and physical activity (PA) are modifiable risk factors for a number of
serious diseases and conditions, including cardiovascular disease, obesity, diabetes, and some
cancer (U.S. Department of Health and Human Services, 1996). PA has also been shown to
reduce symptoms, improve physical functioning and promote psychological well-being and
increased quality of life for persons who have already developed chronic diseases or conditions
(Mazzeo et al., 1998; Rejeski and Mihalko, 2001; Penninx et al., 2002; U.S. Department of
Health and Human Services, 1996). Despite these established benefits of regular PA, the
majority of U.S. adults does not engage in and maintain the recommended amount of PA
(Centers for Disease Control, 2003). Specific subgroups such as lower socioeconomic status
groups, older adults, and ethnic minorities are even less likely to engage in and maintain regular
PA and therefore, are at greater risk for developing inactivity-related disease (Brownson et al.,
2000).

Other groups at high risk for disease and disability related to inactivity are individuals with
severe and persistent mental illness (SPMI) such as schizophrenia. Brown and colleagues
(1999), found that fewer persons with schizophrenia engaged in any meaningful PA during a
given week relative to persons of similar age and SES. Another study found that individuals
with SPMI were less physically active compared to age-gender-race-matched individuals in
the general population when assessed by self-report (Daumit et al., 2005). The reasons for
reduced levels of regular physical activity in this group are multifaceted, and likely include
aspects of the psychiatric disorders, side effects of medications, and lifestyle issues.

Insufficient energy expenditure through reduced PA and excessive sedentary behaviors in this
population may further compound problems frequently observed in this group. Overweight
and obesity were more prevalent in a community-based sample of persons with SPMI than in
the general population (26% versus 18%) after accounting for age, race, and tobacco smoking
behavior (Daumit et al., 2003). Moreover, antipsychotic medications have been shown to be
associated with higher incidence of medical illnesses for which improvements in regular PA
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have demonstrated positive effects (Haupt and Kane, 2007). For example, atypical
antipsychotics have been found to be associated with weight gain, glucose tolerance changes,
and hyperlipidemia, which all are risk factors for diabetes and cardiovascular disease (Meyer
and Nasrallah, 2003) and which all are amenable to intervention in part through regular PA.

Few studies have addressed accurately measuring PA or intervening to improve PA in persons
with schizophrenia. Although weight control programs have been tested in this population, few
experimentally evaluate PA interventions, and many only address diet and nutrition (McDevitt
et al., 2005; Littrell et al., 2003; McCreadie et al., 2005; Evans et al., 2005; Menza et al.,
2004). When PA is addressed, studies typically measure it using simple self-reports of time
engaged in PA, usually walking (Vreeland et al., 2003). Recently, however, there have been a
few reports assessing the reliability and validity of PA self-report measures in persons with
SPMI. For example, Soundy and colleagues (2007) found high test-retest reliability (single-
measure interclass coefficient (ICC)=.97) over a 4-week period for the 7-day recall measure
(7-DR) (Blair, 1984) in a small group of individuals with SPMI (n=14). They also found
adequate concurrent validity (Kendall’s tau=0.43) between the 7-DR and total energy
expenditure as measured by accelerometry (Menza et al., 2004). Similarly, Dubbert and
colleagues (2006) found evidence for acceptable test-retest reliability (ICC, r=.84) for
expended energy on the Community Healthy Activities Model Program for Seniors
(CHAMPS) (Stewart et al., 2001) in a relatively small sample of outpatient male veterans with
SPMI and severe impairment of psychosocial functioning (n=20). They also found a modest,
but not statistically significant, correlation between energy expended measured on the
CHAMPS and accelerometry (Spearman’s rho =0.40). In a sample of persons with
schizophrenia (n=35), Faulkner et al. (2006) assessed the reliability and validity of the
International Physical Activity Questionnaire (Craig et al., 2003), a commonly used self-report
PA measure in adults, and found adequate test-retest reliability (Spearman’s rho=.68) and
concurrent validity of 0.37 between total minutes of PA assessed on the IPAQ and
accelerometry.

These studies, however, have some limitations, including small sample size and heterogenous
diagnostic groups. Moreover, instruments developed for the general population have several
limitations when applied to PA assessment in predominantly sedentary adults, such as those
with schizophrenia. Because inactive persons engage in less intensive activities more
frequently than moderate or vigorous ones and perform them on a less regular basis, their recall
of PA is less accurate (Harada et al., 2001). Furthermore, accurate recall requires intact working
memory and executive functioning, both of which are commonly impaired in persons with
schizophrenia. Self-report measures developed specifically for less active individuals, such as
the Yale Physical Activity Scale (YPAS) (DiPietro et al., 1993) circumvent some of these
problems by employing prompts and cued recall and also by inquiring about light activities
and sedentary behavior.

Knowledge of how to measure the full range of PA and sedentary behavior in individuals with
schizophrenia is essential if interventions to improve these behaviors are to be implemented
and evaluated. The purpose of this study was three-fold: 1) To examine the level of physical
activity in persons with schizophrenia relative to a non-psychiatric comparison group using
both self-report and objective measures; 2) To establish the test-retest reliability of the YPAS
in a sample of individuals with schizophrenia; 3) To assess the concurrent validity of the YPAS
in this group by comparing it with objective data collected via accelerometry.

We hypothesized that the persons with schizophrenia spend less time engaged in PA than the
comparison group as measured by both the YPAS and the accelerometer, that the YPAS would
demonstrate high test-retest reliability, and that the YPAS would show concurrent validity with
other subjective and objective measures of PA.
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2. Method
2.1 Participants

Community dwelling men and women, age 40 or older, with a DSM-IV (American Psychiatric
Association, 2000) diagnosis of schizophrenia or schizoaffective disorder and persons with no
known psychiatric diagnosis were eligible to participate in this study. Individuals were
excluded if they had a known diagnosis of dementia and/or were not able to give informed
consent. All participants were ambulatory and had no known current, severe medical
conditions. From a sample of 124 persons, who were involved in ongoing research at an
academic research center (schizophrenia/schizoaffective, n=70; normal comparison, n=54),
we selected a subset of individuals stratified by the absence or presence of actigraph data and
matched on gender and age (± 10 years) in a 2:1 schizophrenia:comparison ratio. The data from
a total of 81 participants (schizophrenia or schizoaffective disorder (n=54) and comparison
group (n = 27)) were analyzed.

This study had approval from the appropriate institutional review boards, and all participants
provided written informed consent prior to enrolling in the study.

2.2 Assessments
We obtained relevant demographic and clinical data by interview and medical record review,
when appropriate. For the participants with schizophrenia, positive and negative symptoms of
schizophrenia, as well as general psychopathology, were assessed with the Positive and
Negative Syndrome Scale (PANSS) (Kay et al., 1987). Self-reported height and weight were
colleted to determine Body Mass Index (BMI) for each individual. Physical activity was
assessed using two self-report measures, the Yale Physical Activity Scale (DiPietro et al.,
1993) and Stage of Motivational Readiness Scale (Marcus et al., 1992), and one objective
indicator, accelerometry. Non-psychiatric comparisons completed the YPAS and interview,
and a subsample participated accelerometry measurement.

2.2.1 Yale Physical Activity Scale—The YPAS is based on self-report and measures five
activity dimensions (Vigorous Activity, Leisurely Walking, Moving on Feet, Standing, and
Sitting) that occur in a typical week in the past month. Eight summary scores are calculated:
Total time spent per week in all physical activities, weekly energy expenditure in kcal per
week, five individual Indices for the activity dimensions, and a Total Activity Dimension Index.
Indices are calculated from the frequency, duration and intensity of the activities.

2.2.2 Stage of Motivational Readiness Scale—We assessed PA motivational readiness
with a five-item scale that classifies individuals into one of five stages of change that are based
on intention and behavior--Precontemplation, Contemplation, Preparation, Action, and
Maintenance (Marcus et al., 1992). Regular PA was defined according to the American College
of Sports Medicine criteria: Any physical activity performed for 30 minutes per session for
most days of the week (American College of Sports Medicine, 1990).

2.2.3 Accelerometer—For the objective measurement of PA, we used an Actigraph
Accelerometer (model 7164) (formerly Computer Science and Applications (CSA)), a small
(5.1 × 3.8 × 1.5 cm), lightweight (45 g), uni-axial accelerometer on a belt around the waist and
records the occurrence and intensity of movement. The Actigraph has been shown to be valid
for quantifying activity levels in laboratory and field settings (Nichols et al., 2000). Participants
were asked to wear an accelerometer for seven days concurrent with the other assessments of
physical activity. The Actigraph stored acceleration counts at 1-minute intervals. A monitored
hour was not considered valid if the number of consecutive minutes of 0 counts exceeded 30
minutes. Acceleration counts were translated into minutes of light, moderate and vigorous
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physical activity using accepted cut points of 101, 1952, and 5725, respectively (Freedson et
al., 1998). Daily hours of sedentary behavior were estimated by summing minutes with
acceleration counts between 0 and 100 for valid hours of monitoring. Data from the monitors
were considered valid if the monitor was worn for at least 3 of the 7 days and for at least 10
hours each day. A range of 3 to 7 days of monitoring has been found to give reliable estimates
of physical activity (Trost et al., 2005).

2.3 Procedure
After giving informed consent, all participants were administered the YPAS and the Stages of
Motivational Readiness Scale. A subset received the Actigraphs. The participants were seen
for a second visit approximately one week later at which time the Actigraphs were returned
and the YPAS and the Stages of Motivational Readiness Scale were administered a second
time.

2.4 Data Analysis
All statistical tests were conducted using SPSS (Version 12.0) and were interpreted at the 0.05
two-tailed significance level, unless otherwise specified. Continuous variables were examined
for normality and homogeneity of variance and transformed, if necessary, to meet these
assumptions. Chi-square and analysis of variance (ANOVA) were conducted for comparisons
between the two groups (psychiatric, non psychiatric) on categorical and continuous variables,
respectively. Pearson correlations were calculated to assess test-retest reliability and the degree
of association between YPAS scores and Actigraph variables. In order to have adequate cell
size for the analysis by motivational stage of readiness, we collapsed PA stages of change from
five to four (Cardinal and Sachs, 1996): Precontemplation, Contemplation, Preparation and
Action/Maintenance.

3. Results
3.1 Demographic and Clinical Characteristics

The age of persons in the schizophrenia and comparison groups was generally in the early 50’s,
and both groups were predominately Caucasian (See Table 1). Most of the schizophrenia
sample lived in residential facilities, and approximately one-half had ever married. In contrast,
all of the persons in the comparison group lived independently, and about 78% had ever
married. As expected, the comparison group had more years of education than the
schizophrenia group. In the schizophrenia group, the mean PANSS Positive subscale score was
12.5 (s.d. = 6.0), the average Negative subscale score was 14.3 (s.d.=4.5), and the mean General
Psychopathology score was 27.0 (s.d.=7.3). All PANSS scores fell in the 10th percentile (low
range), which is typical of community-dwelling persons with schizophrenia who are
psychiatrically stable (Kay et al., 1988).

3.2 Physical Activity Measures
3.2.1 Yale Physical Activity Scale—Table 2 shows the scores on the YPAS and the
accelerometry variables for both groups. For the schizophrenia group, the mean number of
hours per week spent doing any physical activity, including low-intensity activities and chores,
was less than half of that of the comparison group, and consequently, so was the total estimated
energy expenditure.

When examining the YPAS Indices for the activity domains, as well as the Total Activity Index,
we found a number of differences between the groups. The schizophrenia group had lower
scores on the Vigorous Activity, Moving on Feet, and Standing Indices than the comparison
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group, whereas the groups scored similarly on the Sitting Index. The schizophrenia group
reported lower scores on the Leisurely Walking Index, but it was not significant.

3.2.2 Accelerometry—A total of 54 participants received Actigraph monitors; however due
to monitor malfunctions and too little data (less than 3 days of records), data from 17
participants were not included in analyses. Of the 37 participants (schizophrenia n=17;
comparison n=20) with valid accelerometer data (3–7 days of at least 10 hours per day), a total
of 22 were selected for analysis based on matching for gender and age. There were 16 persons
in the schizophrenia group; six in the comparison group.

There were no differences between the two groups on the mean number of days the monitor
was worn (6.1, s.d. = 1.2), the mean total number of valid hours of monitoring (90.3, s.d.=
32.4), or the accelerometer counts per minute during wear time (346.4, s.d. = 206.4).

The accelerometers indicated the schizophrenia group had lower light activity hours per day
relative to the comparison group. Average daily minutes of moderate or vigorous PA did not
differ between the groups, nor did the number of sedentary hours per day or mean activity
counts.

3.2.3 Physical Activity Motivation Readiness—Similar to group differences found on
the YPAS, we found significant differences between those with and without schizophrenia on
the assessment of PA motivational readiness, as seen in Figure 1. About 62% of the non-
psychiatric comparison group was classified as in the Active/Maintenance group compared to
just over 30% of those in the schizophrenia group. Conversely, none of the comparison group
participants were classified as “Precontemplation”, whereas 20% of those in the schizophrenia
group were.

3.3 YPAS Test-Retest Reliability
Test-retest reliability coefficients were significant for five of the eight YPAS scores for the
normal comparison group (r’s .64–.90) while the correlation coefficient for the Sitting Index
was only .29 (See Table 3). The correlation coefficients for the Moving and Standing Indices
were in the adequate range for the comparison group, but failed to reach significance because
of the lack of power due to the small sample size. For the schizophrenia group, three of the
eight YPAS scores had significant reliability coefficients ranging from .40–.62. For all YPAS
scores test-rest reliability was lower for the schizophrenia group compared to the comparison
group.

3.4 Concurrent Validity
We examined concurrent validity in two ways: 1) by examining the relationship between YPAS
and accelerometry scores for both groups, and 2) by examining YPAS as a function of
motivational readiness. Pearson’s correlation coefficients indicated no significant relationships
between YPAS Vigorous Index scores and the average daily minutes of vigorous activity as
measured by accelerometry for either the schizophrenia or the comparison groups. When we
examined the relationship of YPAS Vigorous and Leisurely Index scores to average daily
minutes of moderate activity as measured by accelerometry, we did not find significant
relationships between Leisurely Index scores and accelerometry for either group. A significant
relationship for only the normal comparison group was found between the YPAS Moving Index
scores and the average daily minutes of light activity as measured by accelerometry (r=.930,
p<.007). Finally, no relationship for either group was found between Standing and Sitting
Indices of the YPAS and average minutes of sedentary activity measured by accelerometry.
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When we examined the YPAS measures as a function of motivational readiness within the
schizophrenia group, we observed several differences (Table 4). Those individuals categorized
as in the combined “Active/Maintenance” group reported on the YPAS spending more time
per week being physically active and consequently, expended more energy, as well as having
higher Total Activity Indices. The Scores on the Vigorous Activity and Moving on Feet Indices
were also higher for the “Active/Maintenance” group but only reached a trend level of
significance. We found no differences on any of the demographic variables or BMI among the
four-stage classification within the schizophrenia group.

4. Discussion
We found that persons with schizophrenia spent less than half the time engaged in PA and
expended less than half of the kilocalories per week relative to a non-psychiatric comparison
group as measured by the Yale Physical Activity Scale, a self-report measure of PA. No group
differences, however, were seen using accelerometry, an objective measure of PA. Test-retest
reliability for the YPAS was comparable between the schizophrenia and comparison groups
for summary measures, such as Time, Energy, and Total Activity Index. On the other YPAS
Indices, however, the comparison group demonstrated adequate test-retest reliability, while
the schizophrenia group did not. Concurrent validity for the YPAS was found with other self-
report, but not objective, measures of physical activity in persons with schizophrenia.

Our results are consistent with the reports of reduced PA in persons with schizophrenia or other
SMPI compared to the general population (Daumit et al., 2005). The average total amount of
energy expended per week by schizophrenia group as measured by the YALE in our study
(3174.2, s.d.= 5072.9) was similar to the kilocalories per week reported by the CHAMPS
(2710.6, s.d.= 2092.6 at time 2) (Dubbert et al., 2006) and by the 7-D PAR (3020.2, s.d.= 890.6)
(Soundy et al., 2007).

The amount of PA reported by the comparison group in this study was similar to that found by
DiPietrio and colleagues (1993) in their initial investigation of the YPAS. They found that
healthy older adults (mean age 71 years) participated in about 34 hours per week and had a
mean energy expenditure of 7613 kilocalories per week doing any physical activity. The
comparison group also scored similarly to DiPietio’s normative group on the YPAS Indices.

We found no differences between persons with schizophrenia and the comparison group on
dimensions of PA using accelerometry, despite the group differences on the YPAS Total Time,
Total Energy, and Total Activity Index, as well as most of the other activity dimension Indices.
As measured by accelerometry, both groups spent as much time engaged in moderate and
vigorous activity per day as a sample of younger adults (mean age about 30) but more than a
group of older persons (mean age about 76) (Davis and Fox, 2006), which is expected given
the average age in our sample is in the early 50’s. Given the small sample size, it is possible
that our schizophrenia group may not be representative; those that wore the actigraphs may
have been more active than those who refused. Moreover, the lack of a significant correlation
between the YPAS Vigorous Index and the amount of time engaged in vigorous activity as
measured by accelerometry may have been influenced by the restricted range of values in the
sample.

Our findings are not consistent with the results of the study by Faulkner and colleagues
(2006) who found a significant, albeit modest, relationship (Spearman’s rho = 0.37) between
the International Physical Activity Questionnaire (IPAQ), self-report PA measure and
accelerometry on number of minutes of PA per week. The IPAQ, however, only assesses
moderate and vigorous PA. It may be possible that YPAS is more likely to capture light activity
than the accelerometer, and persons with schizophrenia are engaging is less light activity than
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the comparison group. Some researchers (Levine et al., 2006) have suggested that light activity
may be a major contributor to total energy expenditure and relate to overweight. It is also
important to note that accelerometry data were collected on a subsample of the schizophrenia
and comparison group in this study. Future work should include a larger accelerometry sample
to better understand the relationship between the YPAS and objective measures like
accelerometry.

We found the YPAS demonstrated test-retest reliability for the Total Time, Total Energy, and
Total Activity Index for both groups; however, the YPAS was reliable for the other activity
dimension Indices for only the comparison group. This is important in that the Total Time,
Total Energy, and Total Activity Indices were found to be the most stable of all Indices for the
scale development sample (DiPietro et al., 1993).

Results from this study provide preliminary evidence of the reliability and validity of the YPAS
for persons with schizophrenia. Because there is reason to believe that use of the IPAQ has
potential limitations in individuals with schizophrenia (i.e., only inquires about moderate
activity rather than light and sedentary activities which are more appropriate for people with
schizophrenia), instruments, such as the YPAS or the CHAMPS, developed for use in older
sedentary populations that inquire about specific behaviors (e.g., mopping, vacuuming) across
a range of PA, as well as sedentary behavior provide an alternative to the IPAQ.

This study has several limitations, including a small sample size, no anthropometric or
physiologic data, a small subsample of accelerometry data, the control group may have been
less active than the general population, and inherent limitations of the YPAS for patients with
schizophrenia (i.e., some activities, such as time spent gardening, may be less appropriate for
patients with schizophrenia living in a residential facility).

Methods of assessing physical activity in behavioral research in the general population, while
improving, are still suboptimal. The field is moving from reliance on self-report to incorporate
more objective measures such as accelerometers and heart rate monitors. Because of practical
and cost-related issues self-report measures will continue to be used, but increasingly these
will be instruments that have been validated by concurrent objective assessments. Measuring
PA of people with schizophrenia, in whom cognitive impairment and the social and functional
limitations are common, poses many challenges. Thus, use of the YPAS in this population
should be augmented with other more valid measures of PA.
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Figure 1.
Percentages of persons with and without schizophrenia as a function of stage of motivational
readiness.
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Table 1
Comparison of demographic and clinical variables in persons with and without schizophrenia.

Schizophrenia N=54
Mean (SD) or %

Comparison N=27
Mean (SD) or %

Chi-square or F-value p-value

Age
(years)

50.7 (6.4) 52.2 (8.6) .727 .396

Ethnicity
(%Cauc.)

81.5 66.7 2.20 .138

Gender
(%male)

59.3 59.3 .000 1.00

Education
(years)

11.9 (1.5) 13.5 (1.6) 19.87 .000

Living Situation
(% Independ.)
(% Assisted)

7.4
92.6

100
0

-- --

Marital Status
(% Ever Married)

51.9 77.8 5.063 .021

Body Mass Index 30.5 (7.1) 27.8 (4.4) 2.40 .127
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Table 2
Means and standard deviations on the YPAS and accelerometry between persons with and without schizophrenia.

Schizophrenia
(n=54)

Comparison
(n=27)

F-value p-value

YPAS
Time+ (hr/wk) 11.2 (11.8) 32.5 (27.5) 36.00 .001
Energy + (kcal/wk) 3174.2 (5072.9) 7968.6 (6886.3) 29.70 .001
Vigorous Activity Index+ 10.2 (15.4) 22.4 (20.4) 10.76 .002
Leisurely Walking Index+ 11.9 (11.1) 17.2 (14.2) 1.43 .235
Moving Index 6.2 (4.3) 9.1 (3.6) 9.59 .003
Standing Index+ 3.0 (2.4) 5.3 (2.9) 11.75 .001
Sitting Index 2.5 (1.0) 2.3 (.86) 1.28 .261
Total Activity Index 34.2 (22.4) 56.2 (28.2) 14.58 .001
Accelerometry (n=16) (n=6)
Counts minute during wear time 337.7 (240.5) 365.3 (117.2) .070 .795
Ave. Sedentary (hours/day) 8.9 (2.9) 8.2 (1.3) .347 .563
Ave. Light activity (hours/day) 4.0 (1.0) 5.4 (1.0) 7.44 .013
Ave. Moderate (minutes/day) 32.0 (28.3) 31.6 (19.2) .001 .975
Ave. Vigorous+ (minutes/day) 4.1 (8.3) 5.4 (8.4) .140 .712
+

log transformed
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Table 3
Pearson correlation coefficients for the one-week test-retest reliability of YPAS in persons with and without
schizophrenia.

Schizophrenia N=19 Comparison N=10

Time+ (hr/wk) .62** .90**

Energy+ (kcal/wk) .60** .91**
Vigorous Activity Index .40** .69**
Leisurely Walking Index .04 .95**
Moving Index .10 .60
Standing Index .34 .58
Sitting Index .36 .29
Total Activity Index .36 .64*

+
log transformed

*
p<.05;

**
p<.01
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