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Abstract
Background  Quality of life is an important clinical outcome in individuals with schizophrenia. Illness severity and physical 
activity (PA) were independently reported to influence health-related quality of life (HRQoL) in people with schizophrenia. 
This study attempts to examine the intensity and types of PA and their impact on HRQoL, as well as the relative contribu-
tions of illness severity, PA, and sedentary behavior (SB) to HRQoL in people with schizophrenia.
Methods  Demographic information was collected from 297 community-dwelling individuals with schizophrenia. Sever-
ity of illness was assessed on the Clinical Global Impression—Severity (CGI-S); PA and SB were assessed on the Global 
Physical Activity Questionnaire (GPAQ); HRQoL was assessed on the RAND-36. Regression analyses were conducted to 
examine the impact of different types and intensities of PA on HRQoL, and the relative impact of CGI-S, GPAQ-PA, and 
GPAQ-SB on HRQoL.
Results  Most participants had low PA level, and travel is the main type of PA adopted. Leisure time, travel-related, work-
related, moderate-, and vigorous-intensity PA were all not associated with HRQoL. Lower severity of illness was signifi-
cantly associated with better physical (PHC), mental (MHC) and global (GHC) health composites of the RAND-36 (GHC: 
t = − 5.628, p < 0.001, PHC: t = − 4.026, p < 0.001, MHC: t = − 5.534, p < 0.001). Both PA and SB were not significantly 
associated with PHC, MHC, and GHC.
Conclusion  Severity of illness has a significant impact on HRQoL in people with schizophrenia. However, we found no 
evidence to support the association between physical activity and sedentary behavior with HRQoL.
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Introduction

Schizophrenia is a chronic and debilitating mental disor-
der that was associated with significant functional impair-
ments [1]. The outcome measures in schizophrenia might 
extend from the objective assessment of psychopathology 
and functioning to more subjective elements aiming to 
understand individuals’ perception and experience of life, 
e.g., quality of life (QoL). Health-related quality of life 
(HRQoL) assesses how health has affected an individual’s 
subjective perception of his or her health status and mental 
and physical well-being [2]. A study by Boyer et al. [3] 
suggested that higher HRQoL as measured on the Medi-
cal Outcome Study 36-Item Short Form Health Survey 
(SF-36), a generic HRQoL measure, was predictive of a 
lower rate of relapse in schizophrenia two years later. QoL 
was also incorporated into prediction models for remission 
in schizophrenia, in addition to symptomatic status and 
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functioning [4]. People with schizophrenia were found to 
have a lower QoL when compared to the general popula-
tion [5, 6]. The scores on all SF-36 domains, except body 
pain, were lower in people with schizophrenia as compared 
to their age- and gender-matched healthy counterparts [7]. 
Better QoL was associated with better functioning, social 
support, and cognition, as well as lower psychopathology 
and depressive symptoms [8–12].

Suboptimal lifestyle such as a lack of physical exercise, 
smoking, and alcohol use were associated with shorter life 
expectancy in people with psychosis [13, 14]. Individuals 
with schizophrenia were found to engage in more sedentary 
behaviors (SB) and less physical activities (PA) than the 
healthy controls [15, 16]. SB was associated with higher 
likelihood of developing metabolic syndrome and lower QoL 
in people with schizophrenia [16, 17]. PA, on the other hand, 
was associated with better QoL in general population [18, 
19], while physical exercise was associated with better QoL 
in people with schizophrenia [20, 21]. Systematic reviews on 
physical exercises also concluded that exercises were asso-
ciated with reduced psychotic symptoms, lower metabolic 
risks, improved functioning, and better QoL in people with 
schizophrenia [22–26].

PA, physical fitness (PF), and physical exercise are dif-
ferent constructs [27, 28]. PA involves body movements 
that results in energy expenditure, PF is related to skills and 
health components like strength, endurance, and flexibil-
ity, while exercise is planned and structured PA conducted 
repetitively with purpose to improve PF, and exercise inter-
vention has structured activities under guided environment 
[21, 27, 28]. The impact of these different constructs on 
different domains of QoL may not be the same and findings 
were not consistent. Increment in physical activity (PA) in 
inpatients with schizophrenia was associated with improve-
ment in QoL [29]. Engaging in active leisure activities was 
associated with lower negative emotion and better physi-
cal HRQoL in people with schizophrenia [7, 30]. However, 
Bonsaksen and Lerdal found that HRQoL was not associ-
ated with PA in inpatients with severe mental illness [31]. 
HRQoL was associated with PF, but much lesser extent with 
reported PA and had no association with accelerometer in 
people with cystic fibrosis [32]. Certain levels of frequency, 
duration, and intensity of PA were suggested to develop and 
maintain PF [33]; while higher exercise dose was associated 
with improvements in QoL after 6 months in postmenopau-
sal women [34]. Nonetheless, the association between PA 
dose and HRQoL may not be linear and daily moderate and 
vigorous PA as well as very short or extended periods of PA 
was associated with poorer HRQoL in general population 
[35]. In addition, PF was associated with HRQoL in healthy 
subjects but not in people with schizophrenia [36]. The 
majority evidence to date pointed to association between 
physical exercise and QoL, but investigation on the impact 

of different intensities and types of PA on HRQoL in people 
with schizophrenia was relatively scarce.

Symptoms of schizophrenia were associated with poorer 
QoL in individuals with schizophrenia [37–40]. Stud-
ies showed that reduction in positive symptoms, negative 
symptoms, emotional distress, and cognitive issues were 
associated with better QoL [41–44]. Psychopathology was 
associated with physical HRQoL but not mental HRQoL in 
a study by Vancampfort et al. [44]. Also, aerobic fitness was 
not significantly associated with HRQoL after controlling 
for impact of psychopathology [44]. The impact of sever-
ity of psychopathology on different domains of HRQoL in 
schizophrenia, as well as the unique association between PA 
and HRQoL after controlling for severity of illness remains 
an unexplored area.

This study aims to investigate PA and SB in people with 
schizophrenia, as well as the association between different 
types and intensities of PA with Physical (PHC), Mental 
(MHC), and Global (GHC) Health domains of HRQoL in 
people with schizophrenia. Furthermore, we aim to explore 
the associations and relative contribution of severity of ill-
ness, PA, and SB on PHC, MHC, and GHC. We hypothesize 
that lower severity of illness, higher PA, and lower SB are 
associated with better HRQoL.

Method

Participants

340 individuals with schizophrenia were approached in out-
patient clinics in a tertiary mental health hospital in Singa-
pore from 2012 to 2015. 42 of them were either not inter-
ested to participate in the study or did not meet screening 
criteria of the study, 1 of them withdrew from the study, 
and 297 completed the study. 1 outlier was deleted from 
data analyses. Eligible patients were referred by clinicians 
who had assessed them to have a stable mental state and fit 
to give informed consent. Trained research staff briefed the 
patients about the study using a standard information sheet 
and obtained signed informed consent from all enrolled 
study participants in accordance with guidelines laid down 
by the ethics board. This study was approved by the Domain 
Specific Review Board of the National Health Group, Sin-
gapore (DSRB Ref: 2012/00933).

Demographic information including age, sex, ethnicity, 
education, marital status, employment status, household 
income, residence type, smoking status, alcohol consump-
tion, antipsychotic dose, duration of illness, and duration 
of psychiatric treatment was collected. Height and weight 
were measured and body mass index (BMI) was calculated 
for each participant. Antipsychotic dose was calculated as 
total daily chlorpromazine (CPZ) equivalents.
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Instruments

The participants were assessed on the Clinical Global 
Impression—Severity scale (CGI-S), a clinically intuitive 
scale widely used to assess illness severity in people with 
schizophrenia [45–47]. The CGI-S categorizes a person’s 
overall severity of mental illness with a seven-point sys-
tem, from “1: normal, not at all ill” to “7: among the most 
extremely ill patients.”

PA was evaluated using the Global Physical Activity 
Questionnaire (GPAQ) [48], a self-report questionnaire 
which probes about intensity and time spent on PA at work 
and recreation, travel to and from places, and time spent 
on SB. GPAQ was found to be equivalent to International 
Physical Activity Questionnaire (IPAQ) [49–51], which 
was validated for use in individuals with schizophrenia 
with reliability and validity comparable to those found in 
general population [52, 53]. Specifically, when IPAQ was 
used in schizophrenia, test–retest reliability of PA minutes 
was reported to be moderate (rs = 0.47–0.68); Spearman’s 
correlation that indicate criterion validity between IPAQ 
and accelerometer was small (rs = 0.30–0.37) [52, 53]; 
test–retest reliability of GPAQ in general population was 
also shown to be moderate (rs = 0.55–0.69), while associa-
tion that indicates criterion validity with accelerometer was 
fair (rs = 0.20–0.46) [54, 55]. GPAQ and IPAQ had good 
concurrent validity (rs = 0.45–0.94) [49, 51].

MET minutes (Metabolic equivalents of task) were used 
to capture the total time spent on different intensities of PA 
in a week. Specifically, one MET denotes the energy cost of 
being in a sedentary state (e.g., sitting quietly). Time spent 
on moderate-intensity activities and time travel to a place 
continuously for at least 10 min were multiplied by a MET 
value of 4, while time spent on vigorous-intensity activities 
were multiplied by a MET value of 8 to form GPAQ-Phys-
ical. GPAQ-Physical estimates energy consumption on PA 
in a week, while GPAQ-Sedentary assesses the total amount 
of time spent on SB in a typical day. Energy consumption 
on leisure time, work-related, travel-related, moderate-, and 
vigorous-intensity PA was also computed. Participants’ lev-
els of total PA were categorized into three categories accord-
ing to the GPAQ analysis guide [56]. A binary variable on 
whether or not World Health Organization (WHO) recom-
mendation on PA for health is met was computed using the 
criteria adopted in two local studies [55, 57]. GPAQ-Seden-
tary was dichotomized by being sedentary for 8 h or more 
to compute GPAQ-Sedentary-Binary.

HRQoL was evaluated using the RAND-36 Health Sta-
tus Inventory [58] distributed by the Psychological Corpo-
ration. Although less commonly used, the RAND-36 has 
the same items with differences in scoring as compared to 
SF-36 [2, 59], which was widely used in HRQoL assess-
ment in schizophrenia [60]. The RAND-36 scoring was 

based on item response theory and factor-based composite 
scores [59]. It was reported to have decent internal consist-
ency, e.g., alpha reliability coefficients of 0.60–0.87 were 
reported for an English version and 0.56–0.89 for an Arabic 
version in company employees [61], and reliabilities of 0.80 
above was reported for most subscales in people with mul-
tiple sclerosis, rheumatism, asthma, chronical bronchitis, or 
lung emphysema [62]. Cronbach’s Alpha reported in SF-36 
was generally similar to coefficients reported for RAND-
36, e.g., internal consistency of 0.64–0.92 was reported in 
Dutch inhabitants with musculoskeletal diseases [63], and 
0.66–0.93 was showed in people with cancer, migraine, and 
general population [64]. Construct validity of SF-36 was 
supported in normal working adults [65] and also indicated 
by decent CFA fit indices in people with schizophrenia [66]. 
Orthogonal factor rotation was used for SF-36, while oblique 
rotation which factors were allowed to correlate was used 
in RAND-36. Studies showed that the physical and mental 
health factors were moderately correlated [67, 68], therefore 
oblique rotation would be a more realistic representation 
[58].

RAND-36 contains 36 items to measure eight domains 
of health status represented by two factors—Physical (PHC) 
and Mental (MHC) Health Composites. PHC comprised of 
physical functioning, role limitations due to physical health, 
pain, and general health, while MHC comprised of role limi-
tation due to emotional problems, energy/fatigue, emotional 
well-being, and social functioning. PHC, MHC, and a global 
score of HRQoL (GHC) were computed from the HRQoL 
scale following the RAND-36 manual. The responses in 
each item were first recoded to IRT weight assigned to each 
response, and all IRT weights of the items that belong to 
a domain were summed to form a raw score. In our study, 
because of the distinct differences in ethnicity composition 
and education system, the raw scores were not converted to 
T scores stratified by age, ethnicity, and education accord-
ing to the US norm. Raw scores were used instead, to be 
multiplied with the assigned weights for each domain, and 
the relevant weighted domain scores were then summed to 
form PHC, MHC, and GHC scores.

Data analysis

Descriptive statistics of demographic information and 
clinical characteristics of the sample, RAND-36, PA, and 
SB were examined. To examine the association of differ-
ent types and intensities of PA with PHC, MHC, and GHC, 
total energy consumption in leisure time, work-related, 
travel-related, moderate-, and vigorous-intensity PA was 
entered in linear regression as independent variables with 
PHC, MHC, and GHC as dependent variables. To deter-
mine possible covariates for the models, each of the demo-
graphic variables was first entered as independent variables 
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in linear regression analyses with PHC, MHC, and GHC as 
dependent variables, respectively. The demographic vari-
ables that were significantly associated with PHC, MHC, 
or GHC at p < 0.05 were subsequently entered in multivari-
ate regression analyses as covariates, with GPAQ-Physical, 
GPAQ-Sedentary, and CGI-S as independent variables and 
PHC, MHC, and GHC as dependent variables, respectively. 
Assumptions of multivariate regression models were also 
examined. Effect sizes of GPAQ-Physical, GPAQ-Sedentary, 
and CGI-S on GHC, PHC, and MHC, respectively, were 
estimated using Cohen’s f2, where 0.02 indicates small effect 
size, 0.15 indicates medium effect size, and 0.35 indicates 
large effect size [69, 70].

Analyses were conducted on IBM SPSS Statistics Ver-
sion 23.

Results

Description of the study sample is shown in Table 1. Most 
of the participants were well maintained in terms of sever-
ity of mental illness. Using Asian BMI cut-off, 90 (30.4%) 
of the participants were overweight, and 119 (40.2%) were 
obese. 136 (45.9%) reported being sedentary for more than 
8 h a day and 144 (48.6%) met WHO recommendation for 
PA. Among participants who met WHO recommendation 
for PA, 55 (38.2%) were obese, 53 (36.8%) were overweight. 
34 (11.5%), 110 (37.2%) and 152 (51.4%) participants were 
categorized as having high, moderate, and low level of total 
PA, respectively. Travel accounted for 53.63% of PA, while 
25.81% of PA was contributed by work and 20.56% by lei-
sure activity. 96.58% of PA were of moderate-intensity level.

Leisure time, work-related, travel-related, moderate-, 
and vigorous-intensity PA, GPAQ-Sedentary, and GPAQ-
Sedentary-Binary were all not associated with PHC, MHC, 
and GHC. Sex, ethnicity, alcohol consumption, residence 
type, current employment status, duration of illness, duration 
of treatment, and household income were all not associated 
with PHC, MHC, and GHC. Age, marital status, and antip-
sychotic dose were significantly associated with MHC; BMI 
was significantly associated with PHC; and education level 
and smoking status were significantly associated with both 
PHC and GHC. The results of unadjusted linear regressions 
are shown in Table 3 in Appendix.

Assumptions of multivariate regression models were 
all met. There was no evidence of multicollinearity. First, 
the highest correlation coefficients observed was correla-
tion between current and past smoking, r = 0.664, p < 0.001 
in both GHC and PHC models. Second, tolerance and VIF 
values were in acceptable ranges (tolerance > 0.10 and 
VIF < 4). In GHC model, tolerance values = 0.527- 0.983, 
VIF values = 1.017–1.899, the lowest tolerance and highest 
VIF values were observed between current and past smoking 

(tolerance = 0.527–0.556, VIF = 1.798–1.899). In PHC 
model, tolerance = 0.526–0.983, VIF = 1.018–1.902, with 
the lowest tolerance and highest VIF obtained on current and 
past smoking (tolerance = 0.526–0.546, VIF = 1.833–1.902). 
In  MHC model ,  to lerance = 0.907–0.987 and 
VIF = 1.013–1.103. Residuals appeared to be independent, 
and Durbin–Watson values were all close to 2 (2.002 in 
GHC, 2.030 in PHC, 1.958 in MHC). Scatterplots of stand-
ardized residuals versus standardized predicted value did 
not suggest heteroscedasticity. Furthermore, Breusch–Pagan 
tests yielded non-significant results for all three models, sug-
gesting homoscedasticity. P–P plots suggested the values 
of residuals were normally distributed for all models and 
that the assumption of normality of residuals is met. Cook’s 
distance for all three models was less than 0.15, indicating 
the results were not biased by individual cases.

CGI-S was negatively and significantly associated with 
GHC (t = − 5.628, p < 0.001), PHC (t = − 4.026, p < 0.001), 
and MHC (t = − 5.534, p < 0.001). Age was significantly 
associated with MHC (t = 2.552, p = .011). GPAQ-Physical 
and GPAQ-Sedentary were not significantly associated with 
GHC, PHC, and MHC. Effect sizes of GPAQ-Physical, 
GPAQ-Sedentary, and CGI-S on GHC, PHC, and MHC, 
respectively, were small, Cohen’s f2 = 0.10 for GHC, Cohen’s 
f2 = 0.049 for PHC, and Cohen’s f2 = 0.097 for MHC. The 
results are shown in Table 2.

Discussion

The present study sought to understand PA and SB in indi-
viduals with schizophrenia, impact of different types and 
intensities of PA on HRQoL, and to examine the relative 
contributions of illness severity, PA, and SB to HRQoL in 
individuals with schizophrenia. Our results showed that most 
participants had low level of PA, and travel constituted the 
major proportion of their PA. Types and intensities of PA 
were not associated with any aspect of HRQoL. More severe 
mental illness was associated with lower physical, mental, 
and global HRQoL, and accounted for more variance than 
PA and SB in HRQoL. It was suggested that effect sizes 
ranging from 0.09 to 0.28 in RAND-36 would be considered 
clinically important [58]. In our study, effect sizes of ill-
ness severity, PA, and SB on GHC and MHC were clinically 
significant (Cohen’s f2 = 0.097–0.10), while effect size did 
not attain clinical significance for PHC (Cohen’s f2 = 0.049). 
This is consistent with the evidence that people with depres-
sion showed worse mental well-being as compared to people 
with chronic medical illnesses [58]. In people with schizo-
phrenia, it is possible that illness severity, PA, and SB were 
more relevant to mental well-being. Nevertheless, appro-
priate caution should be exercised in interpreting clinical 
significance for clinical decision, activities that only require 
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Table 1   Demographic and 
characteristics of participants

*Antipsychotic doses were converted into total daily chlorpromazine equivalents

Variable Mean or n (% or SD)

Sex (male) 166 (56.1%)
Age 39.83 (SD = 9.20)
Duration of illness (year) 15.72 (SD = 8.65)
Duration of psychiatric treatment (year) 15.10 (SD = 8.53)
BMI 26.40 (SD = 5.17)
Ethnicity
 Chinese 257 (86.8%)
 Malay 14 (4.7%)
 Indian 25 (8.4%)

Smoking status
 Smoker 60 (20.27%)
 Ex-smoker 110 (37.16%)
 Non-smoker 126 (42.57%)

Alcohol consumption
 Current 70 (23.6%)
 Past 79 (26.7%)
 Non-user 147 (49.7%)

Education level
 No education 7 (2.4%)
 Primary 52 (17.6%)
 Secondary 77 (26.0%)
 Vocational 38 (12.8%)
 Pre-U/Diploma 88 (29.7%)
 Degree and above 34 (11.5%)

Marital status
 Never married 233 (78.7%)
 Married 36 (12.2%)
 Separated 3 (1.0%)
 Divorced 20 (6.8%)
 Widowed 4 (1.4%)

Employment status (employed) 144 (48.6%)
Antipsychotic dose* (mg) 484.05 (SD = 406.56)
CGI-S 2.46 (SD = 1.17)
 Normal 79 (26.7%)
 Borderline mentally ill 78 (26.4%)
 Mildly ill 73 (24.7%)
 Moderately ill 56 (18.9%)
 Markedly ill 10 (3.4%)

GPAQ-Physical activities (MET minutes/week) 1522.66 (SD = 2404.44)
GPAQ Vigorous activities-Work (MET minutes/week) 36.08 (SD = 421.65)
GPAQ Vigorous activities-Leisure (MET minutes/week) 47.30 (SD = 281.13)
GPAQ Moderate activities-Work (MET minutes/week) 762.57 (SD = 2100.13)
GPAQ Moderate activities-Leisure (MET minutes/week) 186.51 (SD = 423.81)
GPAQ Travel more than 10 min (MET minutes/week) 490.20 (SD = 742.59)
GPAQ-Sedentary behavior (minutes/day) 453.97 (SD = 252.61)
RAND-36 GHC 277.72 (SD = 61.74)
RAND-36 PHC 303.42 (SD = 61.81)
RAND-36 MHC 213.22 (SD = 60.94)
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minimal resources may still be worthwhile doing even if the 
effects do not attain clinical significance [58].

The finding on the negative association between illness 
severity and HRQoL is consistent with previous studies. 
More severe clinical symptoms were associated with poorer 
QoL in individuals with first-episode schizophrenia [40, 71] 
and schizophrenia [37, 38]. CGI-S was negatively associated 
with all SF-36 domains [72], and a pooled analysis from 
eight longitudinal studies showed that changes in schizo-
phrenia symptoms were inversely associated with changes 
in QoL [42].

BMI had marginally significant negative association with 
PHC. Obesity was associated with physical factor of SF-36 
in general population [73, 74] and in people with schizo-
phrenia [75]. Similar to Folsom et al. [5], age had significant 
positive association with MHC in our study. However, dif-
ferent findings exist in literature [43, 76]. Ritsner et al. [43] 
showed non-significant association between HRQoL with 
education and duration of treatment, while Tan et al. [76] 
indicated that years of education, gender, marital status, and 
social-economic class were not associated with HRQoL. The 
differences in findings may be due to the use of different 
HRQoL measures and characteristics of different samples. 
Employment status was not associated with HRQoL in our 
study. This is consistent with Eklund’s [77] suggestions that 
employment status is minor in QoL in people with severe 
mental illness and meaningful daily activities were more 
important.

The study found no significant associations between types 
and intensities of PA, GPAQ-Sedentary, and GPAQ-Physical 
with HRQoL. The lack of association between PA and QoL 
is consistent with Bonsaksen and Lerdal [31] but the study 
only had 18 inpatients with severe mental illness. The evi-
dence on beneficial effects of PA on QoL [22–24] mostly 
investigated impacts of exercise interventions like aerobic, 
anaerobic, yoga, and Tai chi on QoL. A study showed that 
aerobic fitness, but not PA, was associated with SF-36 [44]. 
It may be possible that PF that is relatively stable, instead 
of PA that is more variable [27], has stronger impact on 
HRQoL. A systematic review on neurobiological impact 
of physical exercise in people with schizophrenia also 
found that possible reason of different findings on effects 
of exercise on hippocampal volume was the difference in 
average exercise frequency, and people with lower exercise 
frequency did not exhibit hippocampal volume increment 
[78]. These suggested that the intensity and frequency of 
exercise and PF would be more important than the actual 
doing of PA itself.

Similar to the findings in two local studies in the general 
population [55, 57], larger proportions of PA in our sample 
were moderate-intensity activity and travel-related activity; 
vigorous PA constituted a very small proportion. Similar 
results were also found in two meta-analyses on people with 
schizophrenia indicating that they engaged in more light-
moderate PA but significantly less in moderate-vigorous 
activities [15, 79]. Unfortunately, light PA was not captured 

Table 2   Multiple regression with CGI, GPAQ-Physical activity, and GPAQ-Sedentary behavior on RAND-36 composite scores

Model summary: GHC (R2 = 0.132, F(6,286) = 7.247, p < 0.001); PHC (R2 = 0.111, F(7.285) = 5.063, p < 0.001); MHC (R2 = 0.159, 
F(9,283) = 5.933, p < 0.001)
CGI-S Clinical Global Impression-Severity, GPAQ Global physical activity questionnaire, BMI body mass index
*Antipsychotic doses were converted into total daily chlorpromazine equivalents

Independent variables GHC PHC MHC

B SE t p B SE t p B SE t p

CGI-S − 16.517 2.935 − 5.628 < 0.001 − 11.999 2.980 − 4.026 < 0.001 − 16.372 2.958 − 5.534 < 0.001
GPAQ-Physical − 0.000041 0.001 − 0.029 0.977 − 0.001 0.001 − 0.612 0.541 0.001 0.001 0.406 0.685
GPAQ-Sedentary − 0.006 0.014 − 0.477 0.634 − 0.011 0.014 − 0.780 0.436 − 0.003 0.013 − 0.237 0.813
Age (year) 0.980 0.384 2.552 0.011
Antipsychotic dose* − 0.013 0.008 − 1.580 0.115
Education level 2.460 2.562 0.960 0.338 4.057 2.611 1.554 0.121
BMI − 1.461 0.680 − 2.148 0.033
Smoking status
 Current smoker − 17.770 11.595 − 1.533 0.126 − 16.325 11.781 − 1.386 0.167
 Ex-smoker − 7.141 9.438 − 0.757 0.450 − 3.760 9.674 − 0.389 0.698

Marital Status
 Married − 9.667 10.551 − 0.916 0.360
 Separated − 72.139 33.277 − 2.168 0.031
 Divorced 10.793 13.603 0.793 0.428
 Widowed 42.969 29.349 1.464 0.144
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in GPAQ. Also, studies showed that engagement in broad 
varieties of activities and activities with higher intensity may 
be more beneficial to health and HRQoL [80–82].

Vancampfort et al. [7] showed that lack of PA during lei-
sure time was associated with impaired physical HRQoL. 
Leisure-time PA only accounted for 21% of total PA in our 
sample, PA conducted to fulfill responsibilities and to travel 
may not have significantly contributed to HRQoL. Further-
more, negative symptoms, particularly avolition and anhe-
donia, may be associated with both PA [83] and HRQoL [6, 
8, 37, 40, 84], and may attenuate the association between 
both variables. Similarly, self-determination was suggested 
to influence the initiation and persistence of health-promot-
ing PA in people with schizophrenia [85]. Satisfaction with 
activities and the value of activities were associated with 
subjective QoL [77, 86, 87]; it would be possible that satis-
faction level experienced and the value individuals assigned 
to an activity, rather than doing an activity per se, have sig-
nificant association with HRQoL. Other variables such as 
self-efficacy and attitudes towards PA would also influence 
the associations between PA and HRQoL. Self-efficacy was 
suggested to mediate the relationship between PA and QoL 
in people with multiple sclerosis [88] and elderly [89, 90] 
in a social cognitive model. Besides, it is possible that the 
strength of associations found were diluted by measurement 
error from the use of composite scores, i.e., GHC, PHC, and 
MHC that were latent variables. Psychotic symptoms, medi-
cation side effects, and non-supportive social environment 
were reported to be the barriers to leisure-time PA in indi-
viduals with severe mental illness [83, 91]; contradictorily, 
these are the domains that were shown to be improved with 
participation in PA [22–24]. The underlying factors lead-
ing to the more active lifestyle and better HRQoL would be 
worthy of future research.

Between-subject variability in PA scores may also be 
affected by other factors. MET values adopted may be more 
appropriate for people with normal weight but an overesti-
mation for the obese people as energy expenditure per kilo-
gram body mass is lower in the obese [92]. The energy cost 
for activities may also vary with gender, age, and fitness lev-
els [93]. In addition, environment in which people perform 
PA may have influences on total energy expenditure [93]. 
One’s interpretation of moderate- and vigorous-intensity 
may be different from another, and it has been shown that 
participants often understand PA in terms of psychological 
efforts rather than physical efforts [94]. Also, engaging in a 
sport competitively or leisurely may render an activity to be 
categorized differently. Within-subject variability is possible 
especially for people who do not have a routine—informa-
tion collected from a measure of SB and PA in a typical 
day or a typical week may not well reflect the variability 
of activities in people who perform activities sporadically.

The possible influence of limitation of the PA measure on 
the results should be noted. PA is a complex and multi-fac-
eted construct that involves measurements of PA in occupa-
tion, household, leisure, and transport domains described in 
type, intensity, frequency, and duration [28]. These require 
participants to recall their activities in a specific period in 
details, and demand cognitive capability. People with schizo-
phrenia suffer moderate to severe cognitive impairment [95] 
that may affect their ability to recall details of their activities, 
which may compromise the accuracy of GPAQ. In addi-
tion, the responses to GPAQ may also be affected by social 
desirability bias, i.e., the reported PA may not be the true 
representation of PA and SB [27, 51]. Studies have found 
that participants overestimated their PA [55, 96, 97] and 
under-reported time spent being sedentary [55, 98].

One of the limitations of our study is only question-
naire measure was used to measure PA. The cross-sectional 
nature of our study also did not allow the examination of 
test–retest reliability of GPAQ or the consistency of PA 
over time. In future research, an objective measure of PA 
should be adopted along with questionnaire. SB should also 
be clearly defined and more directly inquired [99]. Tech-
nology like mobile apps could be used to facilitate timely 
record of daily activity to better capture accurate activity 
information. In computation of composite scores, a more 
sophisticated weighting system could be employed to dif-
ferentiate PA conducted leisurely and professionally, as skill 
levels would affect energy consumption. As most published 
studies to date focus on moderate- and vigorous-intensity 
PA, more evidence is needed on the efficacy of light PA 
on health outcome and QoL in people with schizophrenia. 
Despites doubts on validity of subjective HRQoL measures 
in people with schizophrenia [60, 100], patients’ subjective 
perception of their well-being should still be incorporated 
into their treatment plan [101]. In fact, it was shown that 
individuals with schizophrenia were able to reliably and 
validly report their subjective QoL [102, 103]. Cronbach’s 
alpha coefficients of RAND-36 subscales in our study are 
comparable to those reported in literature; the significant 
association between illness severity and HRQoL shown in 
our study also rendered support to the validity of RAND-36 
in people with schizophrenia.

To conclude, our study showed that severity of illness is 
important in HRQoL, therefore management of symptoms 
is important in subjective well-being in people with schizo-
phrenia. Also, PA might not directly contribute to generic 
QoL. Determinants that have greater impact on HRQoL and 
variables that may moderate the associations between PA 
and HRQoL should be identified and examined. Exploring 
meaningful activities and programs targeted at internaliz-
ing values and cultivating intrinsic motivation would be an 
important goal for this population.
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Appendix

See Table 3.

Table 3   Simple regression of CGI, GPAQ-Physical activity, GPAQ-Sedentary behavior and covariates on RAND-36 composite scores

CGI-S Clinical Global Impression-Severity, GPAQ Global physical activity questionnaire, BMI body mass index
*Antipsychotic doses were converted into total daily chlorpromazine equivalents

Independent variables GHC PHC MHC

B SE t/R2 p B SE t/R2 p B SE t/R2 p

CGI-S − 16.573 2.940 0.098 < 0.001 − 12.480 3.012 0.056 < 0.001 − 16.878 2.875 0.105 < 0.001
GPAQ-Physical − 0.000045 0.002 0.000003 0.976 − 0.001 0.002 0.001 0.575 0.000309 0.001 0.000149 0.834
GPAQ-Sedentary − 0.006 0.014 0.001 0.651 − 0.010 0.014 0.002 0.478 − 0.004 0.014 0.000275 0.776
Age (year) 0.413 0.397 0.004 0.298 − 0.419 0.397 0.004 0.292 0.973 0.382 0.022 0.011
Sex 4.107 7.287 0.001 0.573 − 0.742 7.299 0.000035 0.919 8.432 7.132 0.005 0.238
Ethnicity 0.009 0.284 0.010 0.226 0.007 0.348
 Malay − 15.978 16.934 − 0.944 0.346 − 26.424 16.940 − 1.560 0.120 − 7.450 16.721 − 0.446 0.656
 Indian 15.660 12.929 1.211 0.227 8.258 12.935 0.638 0.524 17.252 12.764 1.352 0.178

Antipsychotic dose* − 0.017 0.009 0.013 0.055 − 0.013 0.009 0.008 0.132 − 0.018 0.009 0.014 0.040
Education level 5.831 2.572 0.017 0.024 7.289 2.563 0.027 0.005 3.408 2.549 0.006 0.182
Employment status 5.268 7.223 0.002 0.466 1.836 7.237 0.000221 0.800 7.798 7.084 0.004 0.272
Household income 3.370 2.530 0.006 0.184 4.354 2.536 0.011 0.087 2.284 2.480 0.003 0.358
Residence type − 0.391 2.325 0.000097 0.866 1.074 2.327 0.001 0.645 − 0.958 2.290 0.001 0.676
Duration of illness 0.207 0.418 0.001 0.621 − 0.477 0.418 0.004 0.255 0.562 1.373 0.006 0.171
Duration of treatment 0.261 0.424 0.001 0.538 − 0.481 0.424 0.004 0.257 0.655 0.415 0.008 0.115
BMI − 0.861 0.698 0.005 0.219 − 1.833 0.693 0.023 0.009 − 0.122 0.688 0.000107 0.859
Smoking status 0.026 0.021 0.025 0.025 0.020 0.054
 Current smoker − 18.203 11.838 − 1.538 0.125 − 18.717 11.859 − 1.578 0.116 − 17.524 11.593 − 1.512 0.132
 Ex-smoker − 7.231 9.902 − 0.730 0.466 − 6.149 9.920 − 0.620 0.536 − 4.264 9.644 − 0.442 0.659

Alcohol consumption 0.004 0.601 0.004 0.575 0.005 0.481
 Current drinker − 8.997 9.001 − 1.000 0.318 − 6.654 9.010 − 0.739 0.461 − 10.221 8.857 − 1.154 0.249
 Past drinker − 4.132 8.684 − 0.476 0.635 − 8.304 8.693 − 0.955 0.340 − 0.357 8.509 − 0.042 0.967

Marital Status 0.018 0.266 0.013 0.429 0.033 0.042
 Married − 3.875 11.039 − 0.351 0.726 − 15.272 11.079 − 1.379 0.169 4.856 10.802 0.450 0.653
 Separated − 51.000 35.799 − 1.425 0.155 − 38.403 35.928 − 1.069 0.286 − 51.900 35.050 − 1.481 0.140
 Divorced 19.940 14.360 1.389 0.166 10.735 14.411 0.745 0.457 22.496 14.055 1.601 0.111
 Widowed 35.405 35.799 0.989 0.323 − 11.045 35.928 − 0.307 0.759 69.718 30.419 2.292 0.023
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