
Koh et al. BMC Public Health         (2022) 22:1051  
https://doi.org/10.1186/s12889-022-13431-2

RESEARCH

A cross-sectional study on the perceived 
barriers to physical activity and their 
associations with domain-specific physical 
activity and sedentary behaviour
Yen Sin Koh1*, P. V. Asharani1, Fiona Devi1, Kumarasan Roystonn1, Peizhi Wang1, Janhavi Ajit Vaingankar1, 
Edimansyah Abdin1, Chee Fang Sum2, Eng Sing Lee3,4, Falk Müller‑Riemenschneider5,6, Siow Ann Chong1 and 
Mythily Subramaniam1,5 

Abstract 

Background: Physical inactivity and sedentary behaviour have detrimental consequences to the individual and the 
economy. Our study examined the prevalence of perceived barriers to physical activity in Singapore’s adult popula‑
tion and their associations with physical activity and sedentary behaviour.

Methods: This cross‑sectional analysis utilised data from a nationwide survey in Singapore. Participants (n = 2867) 
were recruited from February 2019 to March 2020. The independent variables were internal (e.g. fatigue, age) and 
external (e.g. weather, cost) perceived barriers to physical activity. The outcomes were domain‑specific physical activ‑
ity (work, transport and leisure) and sedentary behaviour, all of which were assessed using the Global Physical Activity 
Questionnaire. The associations were examined using zero‑inflated negative binomial regressions for physical activity 
and linear regression for sedentary behaviour.

Results: The median (Interquartile range) for work‑related, transport‑related and leisure‑related physical activity were 
0 (0 – 1440), 600 (160 – 1120) and 360 (0 – 1080) MET (metabolic equivalent)‑minutes per week. The median seden‑
tary behaviour (IQR) was 360 (240 – 540) minutes per day. The top three barriers were lack of time (65.3%), fatigue 
(64.7%) and pollution (56.1%). After adjustment, the level of transport‑related physical activity was lower for respond‑
ents who cited lacking pavement or parks as a barrier, but higher for those who indicated cost and safety concerns. 
Respondents who reported pollution as a barrier were more likely to engage in transport‑related physical activity. The 
level of leisure‑related physical activity was lower for respondents indicating weather, lack of time and age as barriers, 
but higher for those reporting safety concerns. The odds of engaging in leisure‑related physical activity was lower for 
those citing age, cost and fatigue as barriers, but higher for those indicating the weather. Sedentary behaviour was 
positively associated with work and limited accessibility to exercise facilities, but negatively with safety concerns.

Conclusion: Individuals can be motivated to overcome internal barriers (fatigue, lack of time, cost and age) through 
social support and emphasis on exercise benefits. External barriers (weather and lack of pavements or parks) can 
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Background
According to the World Health Organisation (WHO), 
being physically active involves participating in moder-
ate-intensity exercise for 150  min or vigorous-intensity 
exercise for 75 min per week among adults [1]. This rec-
ommendation is equivalent to 600 metabolic equivalent 
(MET)-minutes. However, approximately 28% of adults 
worldwide failed to meet this requirement in 2016 [1]. 
Being physically inactive poses physical health risks (e.g., 
obesity and chronic conditions) and increases the likeli-
hood of mental health conditions (e.g., depression and 
dementia) in the individual [2–5]. Moreover, these nega-
tive health consequences can impose an economic bur-
den at the societal level. According to a study that used 
data from 142 nations, the healthcare systems incurred 
53.8 billion international dollars in 2013 because of phys-
ical inactivity [6].

Similar to physical inactivity, sedentary behaviour is 
also a concern. Sedentary behaviour encompasses any 
waking activity that uses little energy (≤ 1.5 metabolic 
equivalents (METs)) while sitting, lying, or reclining [7, 
8]. Technological advancement and urbanisation have 
attributed to the increase in sedentary behaviour [9, 10]. 
The invention of smartphones and laptops has encour-
aged higher screen time and a greater preference for 
sedentary behaviour [9]. Studies have also associated sed-
entary behaviour with poor health outcomes, such as the 
increased risk of diabetes and poor quality of life [11, 12].

Perceived barriers to physical activity are features that 
a person views as impediments to physical activity [13]. 
They can be classified into internal and external barri-
ers. Internal barriers relate to personal factors such as 
attitudes and preferences, while external barriers refer 
to the environment, such as infrastructure [14]. As 
populations, culture, and socio-economic settings differ 
between countries, barriers to physical activity can also 
vary. For example, an Australian-based study showed that 
among those who were physically inactive, the two most 
commonly cited barriers were lack of time (50.0%) and 
lack of enjoyment (43.9%) [15]. Another study in Kuwait 
revealed that hot weather (75.9%) and work (71.2%) were 
the two most reported barriers [16].

Perceived barriers to physical activity may influ-
ence both physical activity and sedentary behaviour. An 
Australian-based study by Salmon et  al. revealed that 
respondents who cited cost, fatigue, and work commit-
ment as barriers were more likely to be physically inactive 

[17]. Moreover, respondents who cited cost, weather, and 
family needs were more likely to engage in sedentary 
behaviour [17]. Studies related to behavioural econom-
ics have alluded to a possible explanation for the associa-
tion between perceived barriers to physical activity and 
sedentary behaviour [18, 19]. Whether individuals prefer 
physical activity or sedentary behaviour is influenced by 
factors such as the environment and the value assigned 
to each activity [18, 19]. As a result, perceived barriers to 
physical activity may promote sedentary behaviour, as it 
discourages physical activity [17].

Singapore is a multi-ethnic city-state in Southeast 
Asia with a population that comprises 75.9% Chinese, 
15.0% Malay, 7.5% Indian, and 1.6% other races [20]. 
The National Population Health Survey in 2019 found 
that the proportion of Singaporeans engaged in exercise 
increased from 29.4% in 2017 to 35.2% in 2019 [21]. This 
trend may be attributed to population-level campaigns 
that motivate individuals to live healthy lifestyles [22], 
such as the National Steps Challenge [23]. It is a seasonal 
campaign whereby participants are provided wearables 
to track their daily steps and heart rate while participat-
ing in exercises [22]. They receive financial incentives if 
they reach specific targets [22]. These campaigns were 
launched in response to counter the potential increase in 
Singapore’s chronic disease burden. Type 2 Diabetes Mel-
litus, a highly prevalent chronic condition in this multi-
ethnic population, is expected to rise from 7.3% in 1990 
to 15% by 2050 [24]. Another common chronic condi-
tion, hyperlipidemia, had increased from 25.2% in 2010 
to 33.6% in 2017 [25].

Although several studies have examined the barriers to 
physical activity in Singapore, these studies only included 
a selected group of Singaporeans [26, 27]. Hence, the 
findings cannot be generalised to the Singapore popula-
tion. Moreover, few studies have investigated barriers to 
physical activity at a population level in Singapore. The 
previous population-based study examining barriers to 
physical activity in Singapore was the National Health 
Surveillance Survey in 2007 [28]. The study was con-
ducted over ten years ago. It included responses from 
sedentary individuals and excluded those who were phys-
ically active. Thus, our study utilised data from a repre-
sentative sample of adults in Singapore to determine 
the prevalence of different perceived barriers to physi-
cal activity. We also examined the associations of these 
barriers with domain-specific physical activity (work, 

be reduced by raising awareness of existing infrastructure. Sedentary behaviour can be improved by implementing 
workplace measures, such as reducing the time spent sitting.
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transport and leisure) and sedentary behaviour in the 
population.

Methods
Population
This cross-sectional secondary analysis used data from 
a nationwide survey that examined the knowledge, 
attitudes, and practices of diabetes in Singapore. The 
methodology was described in detail previously [29]. 
Participants were Singaporeans or permanent resi-
dents, ≥ 18  years, living in Singapore during the survey 
period and fluent in English, Malay, Chinese, or Tamil. 
The survey excluded individuals below 18 years old, those 
who could not be contacted due to missing or incomplete 
addresses, lived outside of Singapore, or were institution-
alised during the study period. In addition, individuals 
who had difficulty completing the survey due to physical, 
mental, or cognitive impairment were also excluded. The 
survey was conducted face-to-face in either one of Sin-
gapore’s four main languages: English, Malay, Chinese, or 
Tamil. Responses were recorded via computer-assisted 
personal interviews (CAPI) using handheld tablets.

The recruitment period was from February 2019 to 
March 2020. This study excluded participants recruited 
between April 1st, 2020 and September 1st, 2020 (n = 28) 
because of the COVID-19 pandemic and the resultant 
self-imposed restriction of movement, as well as social 
distancing measures, implemented that may have influ-
enced physical activity level and sedentary behaviour.

The study was approved by the Institute of Men-
tal Health’s Institutional Research Review Committee 
(IRRC) and the National Healthcare Group’s Domain 
Specific Review Board (Ref: 2018/00430). All participants 
provided written informed consent. Parental consent was 
also obtained for participants aged 18 to 20 years old.

Sampling and sample size
A disproportionate stratified sampling design was used 
to sample participants from a national administrative 
database that comprises of all Singapore residents. The 
proportion of participants in each ethnic group (Chi-
nese, Malay, and Indian) was fixed at approximately 30%. 
In each age group (18 – 34  years, 35 – 49  years, 50 – 
64 years, 65 years and above), the proportion of respond-
ents was specified at 20%. This survey design ensured 
that the different ethnicities and age groups were well 
represented. Additionally, survey weights were incorpo-
rated to ensure that the sample was representative of the 
population.

The sample size in the survey was 3000, which was 
determined by the prevalence of diabetes knowledge in 
Singapore (60%), as reported in a previous study [30]. 
Moreover, it was calculated using a power of 0.8, type I 

error of 0.05, and adjusted for design effects. The margin 
of error was 2.5% for the overall prevalence and 4.5–5.0% 
for prevalence stratified by age groups and ethnicities.

Recruitment strategy
The participants were sampled from a national adminis-
trative database that included all the residents in Singa-
pore [29]. An invitation letter was sent to the participants 
1 to 2 weeks before the household visit by the interviewer 
[29]. The letter provided information about the study 
and a contact number to address any enquires about the 
study [29]. A maximum of 10 visits were made to reduce 
the survey’s non-response rate [29]. If the participant was 
not at home during the visit, a card with the survey firm’s 
contact number was left in the letterbox [29]. An incon-
venience fee of SGD40 was given to the participant after 
the survey [29].

Barriers to physical activity
Respondents were asked to rate 12 barriers on a three-
point Likert scale: ‘not really a barrier’, ‘somewhat a bar-
rier’, ‘very much a barrier’. Internal barriers comprised 
‘a disability or injury’, ‘young children or family needs’, 
‘work’, ‘lack of time’, ‘age’ and ‘feeling tired’. External barri-
ers consisted of ‘the weather’, ‘pollution’, ‘safety concerns’, 
‘limited accessibility’, ‘cost of exercising’ and ‘lack of foot-
path, cycle lanes or parks’. An item was considered a bar-
rier if the respondent indicated it as either ‘somewhat a 
barrier’ or ‘very much a barrier’. These barriers were iden-
tified through literature review and consultation with 
clinicians, an epidemiologist and policymakers working 
in the diabetes prevention domain [31–33]. Moreover, 
the content validity of the questionnaire was assessed 
through cognitive interviews. We asked the participants 
if they felt the items in the questionnaire represented 
the most important barriers and whether we had left out 
anything relevant.

Physical activity and sedentary behaviour
Information on physical activity and sedentary behaviour 
was collected using the Global Physical Activity Ques-
tionnaire (GPAQ). It is a 16-item self-reported question-
naire that assesses two types of physical activity intensity 
in three different domains: moderate (work, transport 
and recreation) and vigorous (work and recreation) 
intensity [34]. Moderate intensive activities are those that 
involve ‘a small increase in breathing or heart rate for at 
least 10 min continuously’ (e.g., brisk walking), whereas 
vigorous intensive activities are those that involve ‘a large 
increase in breathing or heart rate for at least 10  min 
continuously’ (e.g., running) [34]. The energy expendi-
ture for each domain was computed by multiplying the 
metabolic equivalent (MET) values to time variables. For 
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moderately intensive activities, the MET value is 4. The 
MET value for vigorous intensive activities is 8 [35].

The physical activity level in each domain was calcu-
lated by summing the energy expenditure. Overall phys-
ical activity level was computed by adding the energy 
expenditure from the three domains. Sedentary behav-
iour was determined by asking the amount of time spent 
sitting or reclining per day. GPAQ was used to assess 
physical activity and sedentary behaviour because stud-
ies in Singapore have demonstrated that it correlated 
moderately with accelerometer-measured physical 
activity and sedentary behaviour [36, 37]. Moreover, 
GPAQ is inexpensive to administer in population-based 
studies [36].

Confounders
Based on a previous analysis by Lau et  al. [38] and two 
systematic reviews by O’Donoghue et  al. and Bauman 
et  al. [39, 40], we adjusted for the following confound-
ers when examining the association between barriers to 
physical activity and physical activity-related outcomes: 
age, sex, ethnicity, monthly personal income, chronic 
physical conditions, and sedentary behaviour. Moreover, 
the systematic review by Bauman et  al. found that sig-
nificant environmental factors of leisure-related activity 
include safety concerns, access to facilities and the pres-
ence of pavement [40]. Hence, ‘safety concerns’, ‘limited 
accessibility’ and ‘lack of footpath, cycle lanes or parks’ 
were included as confounders regardless of their signifi-
cance in multivariable regression analyses for leisure-
related activity.

For sedentary behaviour, we adjusted for the following 
confounders: age, education, marital status, monthly per-
sonal income, body mass index, chronic physical condi-
tions, and physical activity. Confounding environmental 
factors included ‘safety concerns’, ‘weather’, and ‘limited 
accessibility’. These confounders were obtained from pre-
vious analysis by Lau et al. and the systematic review by 
O’Donoghue et al. [38, 39].

Sociodemographic factors were included in the analy-
sis with the following categories: age (18 – 34 years, 35 
– 49 years, 50 – 64 years, 65 years and above), sex (male 
and female), ethnicity (Chinese, Malay, Indian, Others), 
educational qualification (primary or below, second-
ary, pre-university/junior college, vocational institute, 
diploma, degree and above), marital status (single, mar-
ried, divorced, separated/widowed/divorced), monthly 
personal income (no income/below SGD 2000, SGD 
2000 – 3999, SGD 4000 – 5999, SGD 6000 – 9999 and 
SGD10 000 and above) and WHO Classification of body 
mass index (Underweight, Normal weight, Overweight 
and Obese).

Chronic conditions were assessed using a self-reported 
checklist of 18 chronic conditions. These conditions 
included asthma, arthritis, back problems, cancer, 
chronic inflammatory bowel disease, chronic lung dis-
eases, congestive heart failure, diabetes, heart disease, 
hyperlipidaemia, hypertension, kidney failure, migraine, 
neurological conditions, Parkinson’s disease, stomach 
ulcer, stroke, and thyroid disease. These responses were 
divided into three categories: no chronic condition, one 
chronic condition, and two or more chronic conditions.

Statistical analysis
Survey weights were included in the analysis to account 
for disproportionate sampling, non-response bias, and 
post-stratification by age and ethnicity. Weighted per-
centages and unweighted frequencies were used to sum-
marise categorical variables. The outcomes examined 
were domain-specific physical activity (work, transport 
and leisure) and sedentary behaviour.

All physical activity-related outcomes were posi-
tively skewed and had many zeros. Hence, associations 
between barriers to physical activity and these outcomes 
were determined by considering four regression models: 
Poisson regression, negative binomial regression, zero-
inflated Poisson model and zero-inflated negative bino-
mial model [41]. The zero-inflated negative binomial 
model was selected as the best model as it had the lowest 
Akaike Information Criteria (AIC) [41].

The zero-inflated negative binomial model is a two-
part model. The first portion follows a negative binomial 
distribution and relates to the change in physical activ-
ity level among those who were physically active [42]. The 
exponential form of the regression coefficient denotes 
the proportional change in physical activity level (in 
MET-minutes) for each unit increase in the independent 
variable [42]. The second portion follows a logit prob-
ability process to distinguish between physically inac-
tive respondents (represented by excessive zeros) and 
physically active respondents [42]. The exponential form 
of the regression coefficient indicates the odds of being 
physically inactive for each unit increase in the independ-
ent variable [42]. The exponential form of the regression 
coefficients  (eβ) and 95% confidence interval  (e95% CI) were 
calculated for all zero-inflated negative binomial models.

Associations between the barriers and sedentary 
behaviour were assessed using a  multivariable linear 
regression. Linear regression assumes that the residuals 
have constant variance and a normal distribution. These 
assumptions were tested by inspecting the residuals ver-
sus fitted values plot and the quantile–quantile plot of 
the residuals. These plots showed that the assumptions 
had not been seriously violated. Beta-coefficients (β) and 
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95% confidence interval (CI) were reported for sedentary 
behaviour.

All regression models were modelled based on the par-
simony principle. Initially, all barriers to physical activ-
ity were included. Statistically insignificant barriers were 
removed from the multivariable model in a stepwise 
manner. The final multivariable model for each outcome 
included significant barriers to physical activity and the 
established confounders. Due to the disproportionate 
stratified sampling design, standard errors were esti-
mated using Taylor series linearisation.

The analysis was conducted using Stata/SE 17.0 (Col-
lege Station, Texas), with a two-sided test at a 5% sig-
nificance level. Missing data were removed in a listwise 
manner.

Results
The survey’s response rate was 66.2%. A total of 2867 
participants were included in the analysis (Fig. 1). Most 
respondents were 18 to 34  years old (29.9%), female 
(51.6%), of Chinese ethnicity (75.9%), having a university 
degree, professional certification or above (29.6%), mar-
ried/cohabiting (61.6%), with monthly personal income 
below SGD 2000 (47.3%) and with no chronic condi-
tion (45.9%) (Table  1). The median (interquartile range, 
IQR) for work-related physical activity, transport-related 
physical activity and leisure-related physical activity were 
0 (0 – 1440), 600 (160 – 1120) and 360 (0 – 1080) MET-
minutes respectively (Table 2). Sedentary behaviour had 
a median (IQR) of 360 (240 – 540) min (Table 2).

Table 3 presents the prevalence of perceived barriers to 
physical activity. The three most common perceived bar-
riers to physical activity were lack of time (65.3%), feeling 
tired (64.7%), and pollution (56.1%). When the prevalence 
of perceived barriers to physical activity were stratified by 

sex, age group and race (Table S1 and S2), lack of time 
and feeling tired remained the top two barriers.

Table  4 shows the multivariable models for physi-
cal activity. No significant barriers to physical activity 
were found for work-related physical activity. The level 
of transport-related physical activity was negatively 
associated with a lack of footpaths, cycle lanes or parks 
 (eβ = 0.79,  e95% CI = 0.66 – 0.94), but positively associated 
with cost  (eβ = 1.33,  e95% CI = 1.04 – 1.69) and safety con-
cerns  (eβ = 1.23,  e95% CI = 1.01 – 1.51). Pollution was asso-
ciated with a lower odds  (eβ = 0.55,  e95% CI = 0.41 – 0.73) 
of being physically inactive in the transport domain.

Weekly MET-minutes of leisure-related physical activ-
ity was lower for respondents who reported weather 
 (eβ = 0.85,  e95% CI = 0.75 – 0.98), lack of time  (eβ = 0.73, 
 e95% CI = 0.62 – 0.86) and age  (eβ = 0.82,  e95% CI = 0.67 – 
0.99) as barriers. A higher level of leisure-related physical 
activity was found for respondents who reported safety 
concerns  (eβ = 1.29,  e95% CI = 1.08 – 1.54) as barriers. 
The weather  (eβ = 0.69,  e95% CI = 0.53 – 0.91) was asso-
ciated with a lower odds of being physically inactive in 
the leisure domain, whereas age  (eβ = 1.43,  e95% CI = 1.02 
– 2.01), cost  (eβ = 1.58,  e95% CI = 1.13 – 2.22), and fatigue 
 (eβ = 1.85,  e95% CI = 1.40 – 2.46) were associated with a 
higher odds.

Regarding sedentary behaviour (Table  5), respond-
ents who cited work (β = 31.57, 95% CI: 9.54 to 53.60) 
and limited accessibility to exercise facilities (β = 28.83, 
95% CI: 3.06 to 54.60) were more likely to be sedentary, 
whereas those who reported safety concerns (β =54.73, 
95% CI: -81.43 to -28.01) were less likely to be sedentary.

Discussion
Identifying significant perceived barriers to physi-
cal activity allow policymakers to implement effective 
strategies that increase physical activity and reduce 

Fig. 1 Study Flow diagram. ^ Sample size did not reach 3000 as the study stopped due to COVID restrictions
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sedentary behaviour. Our results showed that the three 
most common perceived barriers were a lack of time, 
fatigue, and pollution. Moreover, the significant cor-
relates of physical activity-related outcomes were a 
lack of footpaths, cycle lanes or parks, cost, safety con-
cerns, pollution, weather, lack of time, age and fatigue. 

Sedentary behaviour was associated with work, limited 
accessibility to exercise facilities and safety concerns.

Lack of time and fatigue as barriers to physical activ-
ity were also prevalent in several studies. In a study by 
Uijtdewilligen et al. on park use for physical activity in 
Singapore, the top three reasons for not visiting parks 
were being too busy with their work or studies, being 
too tired or choosing to stay at home, and being con-
cerned about the weather [27]. A study in the United 
States also found that the four most common barriers 
to physical activity were lack of time, fatigue, adequate 
exercise at work, and low motivation [43].

However, pollution may be a seasonal barrier that 
was overestimated in the survey. Singapore experiences 
haze from forest fires in neighbouring Indonesia. It is 
a seasonal problem between July and October when 
the monsoonal winds tend to blow the smoke to Singa-
pore. In September 2019, the haze caused the air qual-
ity to reach an exceptionally unhealthy level for 11 days 
[44–46]. Consequently, the prevalence of pollution as a 
barrier might be overstated because respondents might 
recall this event that affected their daily activities then.

Our study showed that lacking footpaths, cycle lanes 
or parks was negatively associated with the level of 
transport-related physical activity, which is consistent 
with other studies. According to a qualitative study on 
the attitudes toward walking and cycling in Singapore, 
the participants knew the benefit of cycling and were 
enthusiastic about cycling [47]. However, some indi-
viduals were discouraged from cycling due to a lack of 
cycling paths and parking facilities [47]. As our study 
assessed perceived barriers to physical activity, this 
association can arise because individuals may be una-
ware of the existing infrastructure. This possibility is 
supported by the study from Uijtdewilligen et al., which 
found that their participants were unaware of parks 
near their homes [27].

The level of leisure-related physical activity was lower 
for individuals citing the weather as a barrier. Similarly, 

Table 1 Summary statistics of the population (n = 2867)

Missing observations: marital status (n = 1), monthly personal income (n = 124), 
number of chronic conditions (n = 8), body mass index (n = 201)

Weighted 
Percentage 
(n)

Age groups (years)
  18 to 34 29.9% (814)

  35 to 49 28.2% (711)

  50 to 64 26.7% (766)

  65 and above 15.2% (576)

Sex
  Female 51.6% (1458)

  Male 48.4% (1409)

Ethnicity
  Chinese 75.9% (791)

  Malay 12.7% (961)

  Indian 8.6% (908)

  Others 2.9% (207)

Education
  Primary and below 20.4% (631)

  Secondary 20.3% (681)

  Pre‑University/Junior College 4.7% (123)

  Vocational Institute/ITE 6.6% (263)

  Diploma 18.5% (474)

  Degree, professional certification, and above 29.6% (695)

Marital Status
  Single 29.3% (723)

  Married/Cohabiting 61.6% (1840)

  Separated/Widowed/Divorced 9.2% (303)

Monthly Personal income (SGD)
  Below 2,000 /no income 47.3% (1441)

  2,000 to 3,999 25.1% (689)

  4,000 to 5,999 13.5% (317)

  6,000 to 9,999 8.1% (180)

  10,000 and above 6.0% (116)

Number of chronic conditions
  No chronic condition 45.9% (1216)

  1 chronic condition 26.4% (759)

  2 or more chronic conditions 27.7% (884)

Body Mass Index (WHO Classification)
  Underweight 7.3% (150)

  Normal weight 55.9% (1253)

  Overweight 27.4% (848)

  Obese 9.4% (415)

Table 2 Summary statistics of physical activity and sedentary 
behaviour in the population (n = 2867)

Missing observations: overall physical activity (n = 1), work-related physical 
activity (n = 1), transport-related physical activity (n = 1), leisure-related physical 
activity (n = 1), sedentary behaviour (n = 1)

Median (IQR)

Overall physical activity, MET-minutes 1840 (840 – 4200)

Work-related physical activity, MET-minutes 0 (0 – 1440)

Transport-related physical activity, MET-minutes 600 (160 – 1120)

Leisure-related physical activity, MET-minutes 360 (0 – 1080)

Sedentary behaviour, minutes 360 (240 – 540)



Page 7 of 11Koh et al. BMC Public Health         (2022) 22:1051  

Table 3 Prevalence of perceived barriers to physical activity

Missing observations: A disability or injury (n = 4), young children of family needs (n = 4), work (n = 5), weather (n = 5), pollution (n = 4), lack of time (n = 3), cost 
(n = 5), safety concerns (n = 3), limited accessibility (n = 22), age (n = 4), Lack of footpaths, cycle lanes or parks (n = 3), feeling tired (n = 3)

Not really a barrier Somewhat of a barrier/Very 
much a barrier

Weighted % n Weighted % n

A disability or injury 80.4 2239 19.6 624

Young children or family needs 73.7 2110 26.4 753

Work 51.9 1602 48.1 1260

The weather (e.g., wet and hot) 50.4 1599 49.6 1263

Pollution—Haze 43.9 1360 56.1 1503

Lack of time 34.7 1110 65.3 1754

Cost 78.0 2219 22.0 643

Safety concerns (e.g., street lighting, traffic) 76.8 2239 23.2 625

Limited accessibility of gym or other exercise facilities (e.g., 
distance hours, open, availability)

74.1 2160 25.9 685

Age 80.2 2279 19.7 584

Lack of footpaths, cycle lanes or parks 84.0 2450 16.0 414

Feeling tired 35.3 1104 64.7 1760

Table 4 Adjusted models for the association between barriers to physical activity and physical activity

┼ Adjusted for age, ethnicity, sex, personal income, chronic conditions, sedentary behaviour.
╪ Adjusted for age, ethnicity, sex, personal income, chronic conditions, sedentary behaviour, safety concerns, limited accessibility and lack of footpaths, cycles lanes or 
parks

Transport-related physical activity ┼ Physical activity level (Negative binomial model) Odds of being physically inactive 
(Logit model)

Barriers to physical activity eβ (e.95% CI) p‑value eβ (e.95% CI) p‑value

Lack of footpaths, cycle lanes, or parks 0.79 (0.66—0.94) 0.007

Cost 1.33 (1.04—1.69) 0.021

Safety concerns (e.g., street lighting, traffic) 1.23 (1.01—1.51) 0.044

Pollution – Haze 0.55 (0.41—0.73)  < 0.001

Leisure-related physical activity ╪ Physical activity level (Negative binomial model) Odds of being physically inactive 
(Logit model)

Barriers to physical activity eβ (e.95% CI) p‑value eβ (e.95% CI) p‑value

The weather (e.g., wet and hot) 0.85 (0.75—0.98) 0.022 0.69 (0.53—0.91) 0.009

Lack of time 0.73 (0.62—0.86)  < 0.001

Age 0.82 (0.67—0.99) 0.042 1.43 (1.02—2.01) 0.037

Safety concerns (e.g., street lighting, traffic) 1.29 (1.08—1.54) 0.004

Cost 1.58 (1.13—2.22) 0.008

Feeling tired 1.85(1.40—2.46)  < 0.001

Table 5 Adjusted models for the association between barriers to physical activity and sedentary behavior

#  Adjusted for age, ethnicity, educational qualification, marital status, personal income, body mass index, chronic conditions, overall physical activity, the weather, 
safety concerns and limited accessibility

Sedentary behaviour #

Barriers to physical activity β (95% CI) p-value

Work 31.57 (9.54 to 53.60) 0.005

Limited Accessibility of gym or other exercise facilities (e.g., distance, hours open, 
availability)

28.83 (3.06 to 54.60) 0.028

Safety concerns (e.g., street lighting, traffic) ‑54.73 (‑81.43 to ‑28.01)  < 0.001
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another study conducted among older individuals in 
six European countries showed that humidity and tem-
perature were positively associated with physical activ-
ity [48]. The study by Uijtdewilligen et al. explained this 
association by revealing that the weather might demo-
tivate individuals from exercising outdoors, especially 
when Singapore is typically humid and warm [27]. Our 
results also presented that weather was associated with 
higher odds of engaging in leisure-related physical 
activity. This finding suggests that individuals still exer-
cise despite perceiving the weather as a barrier, though 
they may exercise less.

Besides the weather, lack of time and age were nega-
tively associated with the level of leisure-related physical 
activity. Furthermore, age, cost and fatigue were related 
to lower odds of engaging in leisure-related physical 
activity. These findings corroborated with other studies. 
In a study on the process evaluation of park prescription 
intervention in Singapore, the participants explained that 
they lacked the time to exercise because they were too 
busy with work and domestic duties [26]. Some studies 
have also found that individuals who perceived age as a 
barrier might be discouraged from exercising because 
they viewed the ageing process as an obstacle to being 
physically active, such as the increased risk of injury and 
difficulty in learning complex exercises [27, 49].

Regarding the association between cost and the odds 
of engaging in leisure-related physical activity, two 
qualitative studies found that cost of gym membership 
and fitness classes was a barrier to physical activity [50, 
51]. Specifically, the focus group discussion by Eyler 
et  al. revealed that older Asian women reported cost to 
be a barrier to physical activity because they were fru-
gal [51], which is consistent with our findings as frugal-
ity is considered a virtue in Singapore [52]. The negative 
association between fatigue and the odds of engaging in 
leisure-related physical activity can be explained by the 
study from Uijtdewilligen et  al., which found that indi-
viduals might be too exhausted to exercise after returning 
from work and doing housework chores [27].

Work was positively associated with sedentary behav-
iour in our study. Several studies have examined the 
association between work commitment and sedentary 
behaviour. Wang et  al. examined the sedentary behav-
iour of employees in a tertiary hospital in Singapore and 
revealed that the median sitting time was five hours/day 
[53]. Furthermore, the environment lacked the infra-
structure to reduce sedentary behaviour at work [53]. 
Employees also misunderstood that decreasing physical 
inactivity was equivalent to reducing sedentary behaviour 
[53]. However, findings can be inconsistent across studies 
because sedentary behaviour was defined differently. Our 
study assessed sedentary behaviour using GPAQ, which 

asks respondents about the number of hours spent sitting 
or reclining in a day. Additionally, it provides examples of 
sedentary behaviour, which includes “sitting or reclining 
at work” and “at home”. However, the study by Salmon 
et  al. omitted the time spent reclining or sitting during 
work and focused on leisure-time sedentary behaviour 
[17]. Hence, their findings showed that individuals who 
cited work commitment as a barrier were less likely to 
engage in sedentary behaviour [17], which is different 
from our findings.

Limited accessibility was also associated with sedentary 
behaviour. This finding contrasted with most quantitative 
studies, which revealed no statistically significant rela-
tionship [54, 55]. However, qualitative studies provided 
possible explanations for the positive association between 
limited accessibility and sedentary behaviour. Lim-Seto 
et al. found that individuals with poor access to exercise 
facilities were more likely to stay home, thus encouraging 
sedentary behaviour [56]. Ding et  al. revealed that peo-
ple staying in China’s rural areas were sedentary because 
they had to travel long distances to exercise facilities 
[57]. These findings suggest that inadequate access to 
exercise facilities may encourage physical inactivity and 
subsequently promote sedentary behaviour. However, 
this explanation was inconsistent with our results, since 
limited accessibility was not associated with all outcomes 
of physical activity. Hence, further studies are needed to 
understand why limited accessibility may influence sed-
entary behaviour.

Some external barriers, specifically the weather, safety 
concern, pollution and costs, were positively related 
to physical activity-related outcomes. Safety concern 
was also negatively associated with sedentary behav-
iour. While counterintuitive, few studies have similar 
findings [58, 59]. A study in the United States showed a 
similar association between perceived safety concerns 
and physical activity. It suggested that individuals who 
walked more were more conscious of their surroundings 
[59]. Likewise, our findings imply that physically active 
individuals may experience these external barriers more 
acutely. Non-sedentary individuals are also more likely 
to encounter safety issues while doing everyday activi-
ties. Our results for the association between pollution 
and physical activity might also differ from most stud-
ies as they measured pollution objectively. For example, 
a study in China revealed that a 10  μg/m3  increase in 
PM2.5 reduced moderate-to-vigorous physical activity by 
2.2 min [60].

Based on our findings, motivating people to exercise 
can be a viable way to overcome internal barriers (lack of 
time, age, cost and fatigue) to physical activity. Other Sin-
gapore-based studies also found that individuals can be 
motivated by providing social support and emphasizing 
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the benefits of exercise as well as the cost of physical 
inactivity [26, 27]. External barriers to physical activ-
ity (weather and lacking footpaths, cycle lanes or parks) 
can be overcome by educating people about the existing 
infrastructure that allows them to exercise in the shade 
and travel by walking or biking [27]. Sedentary behaviour 
may be improved by implementing workplace interven-
tions at a population level. Local studies have proposed 
possible interventions, such as creating awareness of 
sedentary behaviour at work and changing the work-
place environment, to reduce the amount of time spent 
sitting at work [53, 61]. Future studies could examine 
whether implementing these strategies is effective and 
cost-efficient in improving physical activity and seden-
tary behaviour.

Our study has several limitations. Firstly, the cross-
sectional study design limits the ability to establish cau-
sality in the relationship between internal barriers and 
outcomes. Secondly, we could not achieve our target 
sample size of 3000 due to Covid-19 restrictions. Thirdly, 
although the questionnaire was assessed in terms of con-
tent validity, we did not evaluate the construct validity 
of the questionnaire. Lastly, the factors associated with 
physical activity and sedentary behaviour were related 
to the characteristics of a developed country. Hence, our 
findings have limited generalisability, especially for devel-
oping countries. Despite these limitations, this study is 
one of the few in Singapore to identify significant barri-
ers to physical activity that policymakers can target for 
population-level intervention.

Conclusion
According to our findings, the three most common bar-
riers to physical activity were a lack of time, fatigue, and 
pollution in Singapore. Physical activity-related out-
comes were negatively associated with a lack of pavement 
or parks, weather, lack of time, age, cost and fatigue. 
Work was positively correlated with sedentary behaviour. 
Physical activity can be improved in Singapore by moti-
vating people (providing social support and emphasizing 
cost and benefits) and raising awareness of existing infra-
structure. Moreover, workplace interventions that inform 
individuals on sedentary behaviour and reduce the time 
spent sitting can reduce sedentary behaviour.
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