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Abstract
Background: Young adults’ physical activity is a foundation of creating future healthy lifestyles. The purpose of this study was to explore differences in
physical activity, sedentary behavior, walkability, and health beliefs between young adults with and without cardiometabolic risk factors and the in�uence
of moderate-to-vigorous physical activity.

Methods: A cross-sectional study was conducted using a structured questionnaire.

Results: Totally, 1149 valid responses were received for a response rate of 86.32%. A signi�cant effect of cardiometabolic risk factors on the physical
activity and sedentary time among groups was found. Young adults at high risk had a lower probability of moderate-to-vigorous physical activity than did
healthy adults. Individuals who perceived that there were more recreational facilities, higher bene�ts of exercise, and lower barriers to exercise were more
likely to participate in moderate-to-vigorous physical activity.

Conclusions: Engaging in physical activity from environment and psychological perspectives is necessary for young adults’ cardiometabolic health
promotion.

Background
Physical inactivity is the fourth leading cause of death. Individuals who spend lots of time engaged in sedentary behaviors have increased risks of non-
communicable diseases (NCDs), such as obesity, cardiovascular diseases, type II diabetes, and certain cancers (1, 2). Every year 63% of deaths are
estimated to result from NCDs worldwide (3).

Physical activity (PA) is one of the most effective modi�able behaviors in order to prevent NCDs, especially cardiometabolic diseases (i.e., hypertension,
hyperlipidemia, diabetes, and metabolic syndrome). Increasing moderate-to-vigorous PAs (MVPAs) and decreasing sedentary behaviors are key to
preventing NCDs and promoting health. Consistently integrating MVPAs into one's daily life leads to lower prevalence rates and mortality due to
cardiometabolic diseases (Hill et al., 2015; Hunter et al., 2015; Rao et al., 2016). Engaging in MVPAs, exercise training, and rehabilitation improves
cardiopulmonary functions, physical �tness, insulin sensitivity, and muscle power (7). Consistently participating in MVPAs can decrease the body-mass
index (BMI), the history of chronic diseases, and the mortality rate from cardiometabolic diseases (8). However, even though PAs are important in
preventing NCDs, 21.4% of the population still engages in an inactive daily lifestyle worldwide (9).

If a decline in PA occurs, the �rst priority is to identify changes in personal characteristics, the physical environment, and psychological factors (10). Two
main strategies for promoting individuals’ MVPAs are environmental and psychological (11). Characteristic of the living environment in�uence residents’
behaviors and well-being (12). Creating a walkable environment is bene�cial for pedestrians to increase walking behaviors and recreational PAs, with such
bene�ts as friendly neighbors, short distances to recreational facilities, esthetic views, accessible infrastructure, and a feeling of safety (13, 14). Walkability
is a determinant of people’s PAs and sedentary behaviors (15). People living in an environment with higher walkability have higher frequencies and longer
times of PAs (16). Therefore, high walkability also brings about bene�ts of lower incident rates of cardiometabolic diseases through the mediator of
MVPAs (17).

On the other hand, PAs are also in�uenced by intra- and interpersonal factors in psychological domains, including socioeconomics, knowledge, attitudes,
and social interactions (18, 19). The Health Beliefs Model is often used to explain the psychological domain of health behaviors, for example, health
beliefs of PA (HBPAs) (19). Once people are aware of the serious consequences of physical inactivity, they might begin to achieve minimal PA
requirements. When perceived bene�ts are higher than the costs of PAs, people will choose an active lifestyle. In contrast, individuals with insu�cient
knowledge of future health threats of physical inactivity or who perceive many barriers to exercise might spend much time in sedentary behaviors (20).
Social relationships with family, friends, and neighbors also impact PA self-choices (21).

The prevalence of engaging in PAs in healthy populations also differs from that of populations with no chronic diseases, such as obesity, hyperlipidemia,
hypertension, and diabetes. The duration of individuals’ chronic disease history is negatively associated with the prevalence of PAs (22). One meta-
analysis that compared healthy children and adolescents to those with chronic diseases found that patients with cardiovascular diseases or diabetes had
lower amounts of PA per day, fewer days when they achieved the MVPA standard, and longer sedentary times than the healthy control group (23). Healthy
older adults have a higher level of leisure-time PAs and shorter sedentary times than older adults with two and more diagnoses of chronic diseases (24).
However, few studies have focused on comparisons of young adults as the main target population.

In Erikson’s stage of human psychological development, individuals with the age of 20–39 years old are in the Early adulthood (Erikson, 1959). Young
adults experience many major life changes, such as graduation and marriage, especially when aged 18 ~ 45 years. Such life changes impact one's self-
identity, self-determination, future lifestyle, and long-term health behaviors (26). However, few studies have discussed the relationship of young adults’
health behaviors and cardiometabolic diseases. In this population, it is important to identify environmental and psychological risk factors that affect
changes in health behaviors. Young adults are encouraged to engage in MVPAs and embrace the habit for their future lifestyle.

Purpose
Young adults’ lifestyle and health behaviors form the foundation of creating the lifestyle when they are older. Differences in environmental and psychology
factors impact whether young adults participate in MVPAs. Therefore, the purpose of this study was to explore differences in PAs, walkability and health
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beliefs between healthy young adults and young adults with cardiometabolic risks, and determine the in�uence of cardiometabolic risk factors, walkability,
and health beliefs on MVPAs. The research questions were as follows:

1. Are there any differences in PA, sedentary behaviors, perceived walkability, and health beliefs concerning PAs by early adults with and those without
cardiometabolic risk factors?
2. Do cardiometabolic risks, perceived walkability, and health beliefs have an in�uence on MVPAs?

Methods

Research Design
A case-control study was conducted from December 2016 to June 2017. According to their self-identi�ed current health condition, all participants were
assigned to one of �ve groups: (1) healthy adults: young adults with no cardiometabolic risk factors as a control group; (2) overweight: young adults with a
body-mass index (BMI) of 24 ~ 27 kg/m2; (3) obesity: young adults with a BMI of ≥ 27 kg/m2; (4) high (cardiometabolic) risks: young adults with self-
reported hypertension, hyperlipidemia, and hyperglycemia; and (5) (cardiometabolic) diseased: young adults with at least one diagnosis of metabolic
syndrome, hypertensive diseases, hyperlipidemia, or type II diabetes. If an individual had more than one health condition of interest, the individual was
given a higher number. For example, a participant with simultaneous obesity, self-reported hypertension, and type II diabetes would be assigned to the �fth
group of cardiometabolic diseases.

Participants and Sampling
The criteria of participants were (1) young adults aged 18 ~ 45 years, (2) currently living in urban, and (3) with no physical or mental disability. The
Walkability Index (WI) in each administrative region was calculated by the sum of Z-scores of street connectivity, land use mix, residential density,
socioeconomic status, and crime rate from objective open government data (27, 28). According to the WI, 19 administrative regions were ranked into four
levels. Quota sampling was used to recruit 300 participants in each level based on their current address. An internet survey through social media was
conducted, including FaceBook, Intragram, Twitter, and various forums. In total, 1331 people responded, and the valid response rate was 86.32%.
Participants satis�ed the minimal sample size (n > 384) for a population exceeding 10,000 for internet survey research.

Data Collection
Participants were required to complete an anonymously structured questionnaire composed of four parts to collect data. The �rst part was their
demographic background, including questions of gender, age, educational level, and income. The current health condition concerned participant's height,
weight, and whether they had any cardiometabolic risk factors (i.e., hypertension, hyperlipidemia, and hyperglycemia) or previous diagnoses of
cardiometabolic diseases (i.e., metabolic syndrome, hypertensive diseases, hyperlipidemia, or type II diabetes).

The Physical Activity Neighborhood Environment Survey (PANES) was developed by Sallis and Saelens (2000) to evaluate perceived walkability in
neighborhood environments (walking times of 10 ~ 15 min). The inventory includes 17 items with a 4-point Likert scale. According to the scoring guide,
How to Score PANES (Sallis, 2016), the score was categorized into several constructs of walkability in a neighborhood, such as land use mix, safety,
infrastructure, recreational facilities, esthetics, and so on. The construct validity and internal consistency of the inventory were tested in different languages
(Sallis et al., 2009). Cronbach’s alpha was 0.72 in this study.

The Health Beliefs in Physical Activity (HBPA) was �rst developed by Hayslip, Weigand, Weinberg, Richardson, and Jackson (1996) to measure the
psychological properties of PAs by the Health Belief Model. The inventory was translated into Chinese with good validity and reliability (33). The HBPA
inventory includes 41 items with a 5-point Likert scale. An exploratory factor analysis divided the inventory into �ve factors (Kaiser-Meyer-Olkin = 0.92),
including susceptibility to health problems, bene�ts of exercise, barriers to exercise, signi�cant others’ support, and cues to action. These factors were the
same as those of the original HBPA inventory. Cronbach’s alpha was 0.92 in this study.

The International Physical Activity Questionnaire (IPAQ) collected participants self-reported PAs over the previous 7 days. Participants’ PA level (MET-
min/week) was calculated in accordance with the scoring protocol. The IPAQ Taiwanese version was shown to have good content validity and test-retest
reliability (34). Participants were also categorized as to whether or not they participated in MVPAs, depending on whether their PAs met the minimal
requirement of MVPAs (600 MET-min/week) (International Physical Activity Questionnaire, 2016).

Data Analysis
All variables were descriptively analyzed. The Chi-squared test was used to identify interactions between demographic background data and groups of
cardiometabolic risk factors. A one-way analysis of covariance (ANCOVA) with a post-hoc test was used to analyze differences in PAs, sedentary
behaviors, walkability, and health beliefs using covariables of the demographic background. The variance in�ation factor of variables ranged 1.05 ~ 2.40
without multicollinearity. Odds ratio (OR) estimates of demographic background, cardiometabolic risk factors, walkability, and health beliefs were obtained
from a logistic regression model for predicting whether subjects participated in MVPAs.

Results

Demographic background and cardiometabolic risks
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Details of participants’ demographic background are given in Table 1. Numbers in the �ve group were 713 (62.10%) in healthy adults, 113 (11.60%) in
overweight, 68 (5.9%) in obesity, 150 (13.10%) in high risks, and 85 (7.40%) in diseased. Chi-square tests were performed, and signi�cant interactions
between the frequencies of adults with and those without cardiometabolic risk factors included gender (χ2 = 38.30, p < 0.01), age (χ2 = 63.21, p < 0.01),
educational level (χ2 = 23.82, p < 0.01), and income (χ2 = 64.97, p < 0.01).

Table 1
Chi-square Tests between Demographic Variables and Cardiometabolic Risk Groups

Demographic (1) Healthy adults (2) Overweight (3) Obese (4) High risk (5) Diseased Total χ2 p

n % n % n % n % n % n %

Gender                            

Male 301 42.22 77 57.89 41 60.29 89 59.33 57 67.06 565 49.17 38.30 < .001

Female 412 57.78 56 42.11 27 39.71 61 40.67 28 32.94 584 50.83    

Age (years)                            

18 ~ 25 301 42.30 39 29.50 28 41.20 30 20.00 18 21.20 416 36.30 63.21 < .001

26 ~ 35 331 46.50 69 52.30 33 48.50 88 58.70 38 44.70 559 48.70    

36 ~ 45 80 11.20 24 18.20 7 10.30 32 21.30 29 34.10 172 15.00    

Educational Level                            

College 109 15.29 21 15.79 7 10.29 9 6.00 6 7.06 152 13.23 23.82 < .001

Graduate School 429 60.17 81 60.90 50 73.53 87 58.00 53 62.35 700 60.92    

Others 175 24.54 31 23.31 11 16.18 54 36.00 26 30.59 297 25.85    

Income (NT$/year)                            

< 250,000 356 49.93 51 38.35 35 51.47 43 28.67 24 28.24 509 44.30 64.97 < .001

260,000 ~ 500,000 161 22.58 27 20.30 14 20.59 35 23.33 27 31.76 264 22.98    

501,000 ~ 750,000 126 17.67 33 24.81 9 13.24 30 20.00 13 15.29 211 18.36    

> 751,000 70 9.82 22 16.54 10 14.71 42 28.00 21 24.71 165 14.36    

Total 713 62.10 133 11.60 68 5.90 150 13.10 85 7.40 1149 100.00    

In 2017, the average exchange rate was US$1.00 ≈ New Taiwan (NT)$30.00.

Differences in PAs and sedentary behaviors among participants with various
cardiometabolic risk factors
Results of the one-way ANCOVA and post-hoc tests are given in Table 2. There was a signi�cant effect of cardiometabolic risk factors on PAs (F = 3.78, p < 
0.01) and sedentary time (F = 2.39, p < 0.05) after controlling for gender, age, educational level, and income. Post-hoc tests showed the healthy adult and
overweight groups had signi�cantly higher PAs than the high-risk and diseased groups. Post-hoc tests also showed that the healthy-adult and diseased
groups had signi�cantly longer sedentary times than the obesity group.



Page 5/10

Table 2
One-way ANCOVA Results of Physical Activity (PA), Sedentary Behavior (SB), Walkability, and Health Beliefs among Cardiometabolic Risk Groups

Cardiometabolic
risks groups

(1) Healthy
adults

(2) Overweight (3) Obese (4) High risk (5) Diseased      

Adjusted Mean SD Mean SD Mean SD Mean SD Mean SD F p post-
hoc

Physical activity
(MET-min)

1887.71 67.12 1901.04 154.18 1172.05 214.28 1515.73 146.57 1600.49 195.51 3.78 0.01 1,2 > 
3,4

Sedentary time
(min)

2624.34 62.24 2467.12 143.13 2057.81 198.17 2391.89 135.14 2649.22 180.73 2.39 0.05 1,5 > 
3

Walkability                          

Residential
Density

0.83 0.01 0.79 0.03 0.83 0.05 0.80 0.03 0.69 0.04 2.47 0.04 1,3,4 
> 5

Land Use Mix 6.45 0.06 6.41 0.13 6.58 0.18 6.42 0.12 6.11 0.16 1.19 0.31  

Transit Access 3.03 0.04 3.18 0.10 2.94 0.14 2.98 0.09 2.89 0.12 1.09 0.36  

Pedestrian
Infrastructure

5.06 0.06 5.17 0.15 4.79 0.21 5.08 0.14 5.23 0.19 0.74 0.56  

Bicycling
Infrastructure

4.54 0.06 4.67 0.15 4.24 0.20 4.68 0.14 4.44 0.19 1.08 0.37  

Recreational
Facilities

2.77 0.04 2.74 0.09 2.69 0.12 2.89 0.08 2.74 0.11 0.71 0.59  

Street
Connectivity

3.20 0.03 3.17 0.07 3.35 0.10 3.18 0.07 3.10 0.09 0.96 0.43  

Crime Safety 6.19 0.06 6.09 0.13 6.05 0.18 6.11 0.12 6.20 0.16 0.31 0.87  

Tra�c Safety 5.36 0.06 5.61 0.14 5.33 0.19 5.37 0.13 5.47 0.18 0.76 0.55  

Pedestrian
Safety

3.01 0.03 3.20 0.07 3.06 0.10 3.05 0.07 3.06 0.09 1.52 0.19  

Aesthetics 2.77 0.03 2.76 0.07 2.78 0.10 2.72 0.07 2.81 0.09 0.22 0.93  

Health Beliefs in
PAs

                         

Susceptibility 1 31.18 0.34 31.58 0.78 35.40 1.09 32.20 0.74 34.04 0.99 4.87 < .001 1,2 < 
3,5

Bene�ts of
Exercise

32.25 0.20 33.01 0.45 31.63 0.63 32.21 0.43 32.24 0.58 0.93 0.44  

Barriers to
Exercise

23.15 0.26 22.50 0.59 25.40 0.82 24.62 0.56 25.27 0.74 4.90 < .001 1,2 < 
3,4,5

Cues to Action 26.03 0.25 25.88 0.57 26.77 0.79 26.68 0.54 27.09 0.72 0.89 0.47  

Signi�cant
Others' Support

16.38 0.17 15.89 0.38 16.54 0.53 16.29 0.36 17.02 0.48 0.92 0.45  

* Adjusted for gender, age, educational level, income; 1 Susceptibility to health problems.

Differences in walkability and health beliefs among those with cardiometabolic risk
factors
Tests of walkability and health beliefs were conducted using a one-way ANCOVA to compare the �ve groups with and those without cardiometabolic risk
while controlling for gender, age, educational level, and income. For environmental factors, only the residential density was found to signi�cantly differ
among the healthy-adult, obesity, high-risk, and diseased groups. The diseased group had the lowest residential density. The effects of other indicators of
walkability were insigni�cant among groups with and those without cardiometabolic risk factors. For psychological factors, there were signi�cant
differences in susceptibility to health problems (F = 4.87, p < 0.01) and exercise barriers (F = 4.90, p < 0.01). Post-hoc tests revealed that the susceptibility to
health problems in the healthy-adult and overweight groups was signi�cantly lower than that in the obesity and diseased groups. Exercise barriers in the
healthy adult and overweight groups were signi�cantly lower than those of the obesity, high-risk, and diseased groups. The results showed that effects of
other indicators of health beliefs were insigni�cant, including exercise bene�ts, cues to action, and signi�cant others’ support.

Logistic Regression Model of MVPAs
A logistic regression was carried out to determine effects of cardiometabolic risk factors, environmental factors, and psychological factors on the
probability of engaging in MVPAs. The model included dummy variables for each group of cardiometabolic risk factors against healthy adults. The logistic
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regression results are given in Table 3. In model 1, there were signi�cant associations of gender, age, education, and cardiometabolic risk factors with
participation in MVPAs. Females, older individuals, and those with a lower educational level were less likely to participate in MVPAs than were younger
individuals and those with a higher educational level. There was no signi�cant interaction with income. Young adults in the high-risk group had a lower
probability of engaging in MVPAs than those in the healthy adult group (OR: 0.64, con�dence interval (CI): 0.41 ~ 0.99, p < 0.05). Demographic background
and cardiometabolic risk factors in the logistic model together accounted for 4.6% of the explanation for the probability of engaging in MVPAs.

Table 3
Logistic Regression of Three Models in odds ratio for Moderate-to-Vigorous Physical Activity (MVPA)

Variables Model 1   Model 2   Model 3

OR   95% CI   OR   95% CI   OR   95% CI

Demographic          

Gender 0.59 *** 0.44 - 0.80   0.61 ** 0.45 - 0.83   0.67 * 0.48 - 0.92

Age 0.97 * 0.95 - 0.99   0.97 * 0.95 - 1.00   0.97 ** 0.94 - 0.99

Educational Level 1.44 ** 1.10 - 1.90   1.44 * 1.09 - 1.90   1.38 * 1.03 - 1.85

Income 0.95   0.80 - 1.12   0.93   0.78 - 1.09   0.90   0.76 - 1.07

Cardiometabolic Risks (Ref: Healthy Adults)                        

Overweight 1.63   0.96 - 2.78   1.58   0.92 - 2.71   1.55   0.89 - 2.71

Obese 0.90   0.46 - 1.78   0.94   0.48 - 1.87   1.15   0.57 - 2.35

High risk 0.64 * 0.41 - 0.99   0.62 * 0.39 - 0.97   0.69   0.43 - 1.11

Diseased 0.99   0.61 - 1.59   0.92   0.57 - 1.50   1.14   0.68 - 1.90

Walkability                                  

Residential Density             0.72   0.47 - 1.10   0.78   0.51 - 1.21

Land Use Mix             1.01   0.88 - 1.15   0.96   0.83 - 1.11

Transit Access             1.08   0.92 - 1.26   1.07   0.91 - 1.25

Pedestrian Infrastructure             0.96   0.85 - 1.08   0.98   0.87 - 1.11

Biking Infrastructure             1.04   0.93 - 1.17   1.07   0.95 - 1.21

Recreational Facilities             1.27 * 1.05 - 1.53   1.26 * 1.03 - 1.53

Street Connectivity             0.92   0.74 - 1.15   0.84   0.67 - 1.06

Crime Safety             0.97   0.86 - 1.09   0.87   0.77 - 0.99

Tra�c Safety             1.05   0.93 - 1.17   1.00   0.89 - 1.12

Pedestrian Safety             0.97   0.77 - 1.21   0.92   0.72 - 1.17

Esthetics             1.00   0.80 - 1.24   0.99   0.79 - 1.26

Health Beliefs in PA                                  

Susceptibility to Health Problems                     1.03   0.83 - 1.29

Bene�ts of Exercise                         1.73 *** 1.30 - 2.31

Barriers to Exercise                         0.42 *** 0.32 - 0.55

Cues to Action                         0.75   0.55 - 1.04

Signi�cant Others' Support                       1.08   0.82 - 1.43

Model 1: Demographic, Cardiometabolic Risk Factors.

Model 2: Demographic, Cardiometabolic Risk Factors, Walkability.

Model 3: Demographic, Cardiometabolic Risk Factors, Walkability, Health Beliefs.

*p < 0.05, **p < 0.01, ***p < 0.001.

Model 2 added environmental factors, and this increased the explanatory power of the logistic model to 6.5%. One factor had a signi�cant association with
MVPAs, recreational facilities (OR: 1.27, CI: 1.05 ~ 1.53, p < 0.05). Individuals who perceived a high level of recreation facilities in a walkable neighborhood
were more likely to participate in MVPAs. There were no signi�cant interactions with other environmental factors. Model 3 added psychological factors,
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and this increased the explanatory power to 9.5%. Two factor scores had signi�cant associations with MVPAs: bene�ts of exercise (OR: 1.73, CI: 1.30 ~ 
2.31, p < 0.001) and barriers to exercise (OR: 0.42, CI: 0.32 ~ 0.55, p < 0.001). Individuals who understood the bene�ts of exercise and who perceived low
barriers to exercise were more likely to participate in MVPAs. No signi�cant interactions were observed among susceptibility to health problems, cues to
action, and signi�cant others' support in this model. Overall, the explanatory power of the �nal model accounted for 16.0%.

Discussion
The main purpose of the present study was to compare differences in PAs and sedentary time between individuals with and those without cardiometabolic
risk factors, and we focused on a population of young adults. The study found that healthy young adults and young adults who were overweight had
higher PAs than those with cardiometabolic risk factors. The severity of cardiometabolic risk factors impacted the level of PAs. Most previous studies
showed that healthy control groups had a longer duration and a higher level of PAs and more days that they achieved MVPAs than groups with
cardiometabolic diseases (23). The PA level was negatively associated with an individual’s number of diagnoses of chronic diseases (36). When the
history of chronic diseases, including diabetes and cardiovascular diseases, was longer, individuals’ PAs were lower (5, 37). Chronic diseases are a trigger
of changes in PAs (38). In the present study, the cutoff point re�ecting a difference in PAs was between being overweight and obese. Therefore, it is
important to be aware of changes in body weight which could be a danger sign of a lack of PAs.

The study also found that healthy young adults and young adults with cardiometabolic diseases had longer sedentary times than other risk groups.
Previous studies presented no marked differences and did not reach a conclusion about sedentary times between healthy groups and groups with chronic
diseases. The difference between strengthening and lightening PAs is more common than between being sedentary and initiating PAs (23, 38). Healthy
young adults share a lifestyle with simultaneous high PAs and long sedentary times. There is a balance between PAs and sedentary behaviors for now. But
it is possible to develop cardiometabolic risk factors when lifestyle changes cause an imbalance (4). Young adults with cardiometabolic diseases have an
inactive lifestyle which threatens their own health and future life. Deceasing sedentary behaviors and increasing PAs are both important in delaying
pathological processes of current diseases.

Regarding environmental differences among young adults, only one indicator of walkability exhibited a signi�cant difference. Young adults with
cardiometabolic diseases had the lowest score of perceived residential density. Individuals with cardiometabolic diseases had different insights as to their
neighborhood environment (39). However, there was no difference between healthy young adults and other cardiometabolic risk groups. Overall, PAs are an
important mediator between the environment and chronic illnesses (14). Walkability is a modi�able neighborhood featur which can promote PAs.

Regarding psychological differences among young adults, there were two domains in the HBPA with signi�cant differences. Young adults in the obese,
high-risk, and diseased groups were more susceptible to health problems and barriers to exercise than were healthy young adults and overweight young
adults. A person’s health and illness status impacted their health beliefs, especially with chronic diseases. Patients with chronic diseases are more
susceptible to health problem than are healthy adults (11, 40). Interestingly, the cutoff point of re�ecting on the difference in the HBPA was also between
being overweight and obese.

The second main purpose of the present study was to determine the in�uence of cardiometabolic risk factors, walkability, and health beliefs on MVPAs.
This study found that gender, age, and educational level had interactions with MVPAs. Previous studies also showed that personal demographic variables,
such as age, gender, race, and years of education, have interactions with chronic risk factors and disease in population-based studies (36). Young adults
with hypertension, hyperlipidemia, or hyperglycemia were less likely to participate in MVPAs in model 1. However, the predictive power of model 1 was low,
so that environmental and psychological factors should be considered in the logistic regression model for predicting MVPAs.

Walkability impacts residents’ leisure-time PAs, transportation choices, and an active lifestyle (41). Poor walkability causes long-term consequences of
cardiometabolic diseases (42). In predictive models 2 and 3, only recreational facilities was a signi�cant predictor of MVPAs. The accessibility, distance,
density, and utility of recreation facilities had positive associations with the level of PAs in residents (43). However, previous studies also found that not
every indicator of walkability has a direct association with PAs or the risk of cardiometabolic diseases (44). Creating an activity-friendly environment to
change physical and social characteristics is effective in promoting PAs (45). NCDs are related to health inequalities (46). Governments should pay
attention to designing healthy places to encourage residents’ PAs to maintain a positive health status and low diseases status (47).

The psychological domain is important for the self-determination of MVPAs. In predictive model 3, the bene�ts of exercise and barriers to exercise
signi�cantly predicted the OR of MVPAs. Bene�ts of exercise were positively associated with MVPAs. In contrast, barriers to exercise were negatively
associated with MVPAs (40). HBPAs are a motivation to increase PA participation. Previous studies also showed that indicators of health beliefs
signi�cantly predicted the odds of MVPAs or achievement of minimal requirements of PAs (11, 48). An individual’s susceptibility to chronic disease
in�uences their health behavior decisions. Once an individual has enough cues to action and perceives more bene�ts of than barriers to exercise, they are
more likely to engage in MVPAs (49).

Overall, more indicators of HBPA had signi�cant impacts on MVPAs than walkability in this study. Between models 2 and 3, the R2 value increased by
about 9.5%. Young adults’ thoughts impacted their PAs. Therefore, it is important to increase MVPAs beginning with health education for young adults.
Young adults’ lifestyles are not settled and can easily be modi�ed. Increasing knowledge and awareness of diseases can help young adults understand the
bene�ts of PAs and overcome barriers to exercise. MVPAs can become a part of one's lifestyle that is bene�cial for preventing chronic diseases and
promoting health in their future lives.
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There are some limitations in this study, a case-control study which focused on PAs and associated factors and compared differences between a healthy
control group and cardiometabolic groups. However, there are other cardiometabolic risk factors, such as eating behaviors, an unbalanced diet, smoking,
and alcohol consumption, which should be taken into consideration. An internet survey using structural questionnaires has potential sampling and self-
reported recall biases. All citizens were welcome to complete the questionnaires, and only one open question of “Do you have any other diseases, besides
chronic diseases” was used to screen participants. Young adults with other diseases or mental problems might have been recruited in this study. Only
37.90% of participants had cardiometabolic risk factors, so that small sizes of samples in groups were used to compare PAs, sedentary behaviors, and
environmental and psychological differences. Finally, the explanatory power of the �nal model was not high (16.0%). Future studies should consider other
environmental or psychological models as predictors of participation in MVPAs.

Conclusion
This was a case-control study that focused on a population of young adults. Young adults are a target group which is more likely to modify their health
behaviors. The results showed higher PAs in healthy adults and lower PAs in those with cardiometabolic risk factors. Environmental and psychological
indicators also differed between the healthy control group and case groups. Health beliefs, walkability, and cardiometabolic risk factors in�uenced
individual participation in MVPAs. The results provide information for public health practitioners, health educators, and the government to pay greater
attention to young adults’ PAs. By overcoming barriers against PAs and decreasing environmental disparities, young adults will have more opportunities to
engage in MVPAs. This is important for shaping healthy lifestyles and making MVPAs a necessary part of their daily lives, in order to prevent NCDs and
promote well-being in the future.

Declarations

Ethics approval and consent to participate:
All participants signed an informed consent form. Ethical approval was granted by the Research Ethics Committee of National Taiwan University (NTNU-
REC 201605HM025).

Consent for publication:
Not applicable

Availability of data and materials:
All data generated or analysed during this study are included in this published article.

Competing interests:
The authors declare that they have no competing interests.

Funding:
This work was supported by the Ministry of Science and Technology, Taiwan under Grant [NSC-105-2410-H-003-049]. The role of the funding body in the
design of the study.

Authors' contributions:
LC devised the project, the main conceptual ideas and proof outline, and carried out the experiment. HY performed the analytic calculations and
contributed to the interpretation of the results. Both LC and HY authors contributed to the �nal version of the manuscript with discussion.

Acknowledgements:
Not applicable

References
1. Huang X, Yang H, Wang HHX, Qiu Y, Lai X, Zhou Z, et al. The association between physical activity, mental status, and social and family support with

�ve major non-communicable chronic diseases among elderly people: A cross-sectional study of a rural population in Southern China. Int J Environ
Res Public Health. 2015;12(10):13209–23.



Page 9/10

2. Dishman RK, Heath GW, Lee I-M. Physical activity epidemiology (2nd ed.). [Internet]. Physical activity epidemiology (2nd ed.). 2013. 585–xxii, 585 p.
Available from: http://ezproxy.ithaca.edu:2048/login?url=http://search.proquest.com/docview/1288999103?
accountid=11644%5Cnhttp://sm2nn8xb3j.search.serialssolutions.com/?ctx_ver=Z39.88-2004&ctx_enc=info:o�/enc:UTF-
8&rfr_id=info:sid/PsycINFO&rft_val_fmt=info:o�/fmt:kev:mtx

3. World Health Organization. Non communicable diseases [Internet]. 2015 [cited 2016 Jul 5]. Available from:
http://www.who.int/mediacentre/factsheets/fs355/en/

4. Rao DP, Orpana H, Krewski D. Physical activity and non-movement behaviours: their independent and combined associations with metabolic
syndrome. Int J Behav Nutr Phys Act [Internet]. 2016;13(1):26. Available from: http://dx.doi.org/10.1186/s12966-016-0350-5

5. Hill K, Gardiner PA, Cavalheri V, Jenkins SC, Healy GN. Physical activity and sedentary behaviour: Applying lessons to chronic obstructive pulmonary
disease. Intern Med J. 2015;45(5):474–82.

�. Hunter RF, Boeri M, Tully MA, Donnelly P, Kee F. Addressing inequalities in physical activity participation: Implications for public health policy and
practice. Prev Med (Baltim) [Internet]. 2015;72:64–9. Available from: http://dx.doi.org/10.1016/j.ypmed.2014.12.040

7. Durstine JL, Gordon B, Wang Z, Luo X. Chronic disease and the link to physical activity. J Sport Heal Sci [Internet]. 2013;2(1):3–11. Available from:
http://dx.doi.org/10.1016/j.jshs.2012.07.009

�. Jones SA, Wen F, Herring AH, Evenson KR. Correlates of US adult physical activity and sedentary behavior patterns. J Sci Med Sport [Internet]. 2016;
Available from: http://linkinghub.elsevier.com/retrieve/pii/S1440244016300056

9. Dumith SC, Hallal PC, Reis RS, Kohl HW. Worldwide prevalence of physical inactivity and its association with human development index in 76
countries. Prev Med (Baltim) [Internet]. 2011;53(1–2):24–8. Available from: http://dx.doi.org/10.1016/j.ypmed.2011.02.017

10. Rind E, Jones A. “I used to be as �t as a linnet” - Beliefs, attitudes, and environmental supportiveness for physical activity in former mining areas in the
North-East of England. Soc Sci Med [Internet]. 2015;126:110–8. Available from: http://dx.doi.org/10.1016/j.socscimed.2014.12.002

11. Loprinzi PD, Darnell T, Hager K, Vidrine JI. Physical activity-related beliefs and discrepancies between beliefs and physical activity behavior for various
chronic diseases. Physiol Behav [Internet]. 2015;151:577–82. Available from: http://dx.doi.org/10.1016/j.physbeh.2015.08.040

12. Chaudhury H, Campo M, Michael Y, Mahmood A. Neighbourhood environment and physical activity in older adults. Soc Sci Med [Internet].
2015;149:104–13. Available from: http://www.sciencedirect.com/science/article/pii/S0277953615302719

13. Akpinar A. How is quality of urban green spaces associated with physical activity and health? Urban For Urban Green [Internet]. 2016;16:76–83.
Available from: http://www.sciencedirect.com/science/article/pii/S1618866715300182

14. Veitch J, Abbott G, Kaczynski AT, Wilhelm Stanis SA, Besenyi GM, Lamb KE. Park availability and physical activity, TV time, and overweight and obesity
among women: Findings from Australia and the United States. Heal Place [Internet]. 2016;38:96–102. Available from:
http://dx.doi.org/10.1016/j.healthplace.2015.12.004

15. Cerin E, Sit CHP, Zhang CJP, Barnett A, Cheung MMC, Lai P-C, et al. Neighbourhood environment, physical activity, quality of life and depressive
symptoms in Hong Kong older adults: a protocol for an observational study. BMJ Open [Internet]. 2016;6(1):e010384. Available from:
http://www.scopus.com/inward/record.url?eid=2-s2.0-84960157159&partnerID=tZOtx3y1

1�. Marquet O, Miralles-Guasch C. Neighbourhood vitality and physical activity among the elderly: THE role of walkable environments on active ageing in
Barcelona, Spain. Soc Sci Med [Internet]. 2015;135:24–30. Available from: http://dx.doi.org/10.1016/j.socscimed.2015.04.016

17. Coffee NT, Howard N, Paquet C, Hugo G, Daniel M. Is walkability associated with a lower cardiometabolic risk? Heal Place [Internet]. 2013;21:163–9.
Available from: http://dx.doi.org/10.1016/j.healthplace.2013.01.009

1�. King K a, Vidourek R a, English L, Merianos a L. Vigorous physical activity among college students: using the health belief model to assess
involvement and social support. Arch Exerc Heal Dis [Internet]. 2014;4(2):267–79. Available from: http://search.ebscohost.com/login.aspx?
direct=true&db=a9h&AN=94750344&site=ehost-
live%5Cnhttp://onlinelibrary.wiley.com/store/10.1002/14651858.CD008628.pub2/asset/CD008628.pdf?
v=1&t=i5z4wv2c&s=214400dc6a28cf5e58d8ba68595d94aad95c6941

19. Rahmati-Najarkolaei F, Tava�an SS, Gholami Fesharaki M, Jafari MR. Factors predicting nutrition and physical activity behaviors due to
cardiovascular disease in tehran university students: application of health belief model. Iran Red Crescent Med J [Internet]. 2015;17(3):e18879.
Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4441786&tool=pmcentrez&rendertype=abstract

20. Soleymanian A, Niknami S, Hajizadeh E, Shojaeizadeh D, Montazeri A. Development and validation of a health belief model based instrument for
measuring factors in�uencing exercise behaviors to prevent osteoporosis in pre-menopausal women (HOPE). BMC Musculoskelet Disord [Internet].
2014;15(1):61. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3996026&tool=pmcentrez&rendertype=abstract

21. Mahmood A, Chaudhury H, Michael YL, Campo M, Hay K, Sarte A. A photovoice documentation of the role of neighborhood physical and social
environments in older adults’ physical activity in two metropolitan areas in North America. Soc Sci Med [Internet]. 2012;74(8):1180–92. Available from:
http://dx.doi.org/10.1016/j.socscimed.2011.12.039

22. Brawner CA, Churilla JR, Keteyian SJ. Prevalence of physical activity is lower among individuals with chronic disease. Med Sci Sports Exerc.
2016;48(6):1062–7.

23. Elmesmari R, Reilly JJ, Martin A, Paton JY. Accelerometer measured levels of moderate- to-vigorous intensity physical activity and sedentary time in
children and adolescents with chronic disease : A systematic review and meta-analysis. PLoS One. 2017;12(6):1–20.



Page 10/10

24. Siddiqi A, Shahidi FV, Ramraj C, Williams DR. Associations between race, discrimination and risk for chronic disease in a population-based sample
from Canada. Soc Sci Med [Internet]. 2017;194(July):135–41. Available from: https://doi.org/10.1016/j.socscimed.2017.10.009

25. Erikson E. H. Identity and the life cycle: Selected papers. Psychol Issues. 1959;

2�. Dennison L, Morrison L, Conway G, Yardley L. Opportunities and challenges for smartphone applications in supporting health behavior change:
Qualitative study. J Med Internet Res. 2013;15(4):1–12.

27. Carlson JA, Remigio-Baker RA, Anderson CAM, Adams MA, Norman GJ, Kerr J, et al. Walking mediates associations between neighborhood activity
supportiveness and BMI in the Women’s Health Initiative San Diego cohort. Heal Place [Internet]. 2016;38:48–53. Available from:
http://dx.doi.org/10.1016/j.healthplace.2016.01.001

2�. MacDonald Gibson J, Rodriguez D, Dennerlein T, Mead J, Hasch T, Meacci G, et al. Predicting urban design effects on physical activity and public
health: A case study. Heal Place [Internet]. 2015;35:79–84. Available from: http://dx.doi.org/10.1016/j.healthplace.2015.07.005

29. Sallis JF, Saelens BE. Assessment of physical activity by self-report: status, limitations, and future directions. Res Q Exerc Sport [Internet]. 2000;71(2
Suppl):S1-14. Available from: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=10925819

30. Sallis JF. Physical Activity Neighborhood Environment Survey (PANES) [Internet]. 2016 [cited 2016 Oct 6]. Available from:
http://sallis.ucsd.edu/measure_panes.html

31. Sallis JF, Bowles HR, Bauman A, Ainsworth BE, Bull FC, Craig CL, et al. Neighborhood Environments and Physical Activity Among Adults in 11
Countries. Am J Prev Med [Internet]. 2009;36(6):484–90. Available from: http://dx.doi.org/10.1016/j.amepre.2009.01.031

32. Hayslip B, Weigand D, Weinberg R, Richardson P, Jackson A. The development of new scales for assessing health belief model constructs in
adulthood. J Aging Phys Act. 1996;4(4):307–23.

33. Su CH. The Development of Health Belief Inventory for Exercise in Middle Age People. J Phys Educ Sport. 2004;15(1):115–33.

34. Liu YM. Development and Veri�cation of Validity and Reliability of the International Physical Activity Questionnaire Taiwan Version. National Taiwan
University; 2004.

35. International Physical Activity Questionnaire. IPAQ scoring protocol [Internet]. 2016 [cited 2016 Dec 31]. Available from:
https://sites.google.com/site/theipaq/scoring-protocol

3�. Sebastião E, Galvez PAE, Nakamura PM, Papini CB, Kokubun E, Gobbi S. Activity behavior, nutritional status and perceived health in older Brazilian
adults: Does the number of chronic diseases matter? Geriatr Gerontol Int. 2017;17(12):2376–82.

37. Dontje ML, Krijnen WP, de Greef MHG, Peeters GGMEE, Stolk RP, van der Schans CP, et al. Effect of diagnosis with a chronic disease on physical
activity behavior in middle-aged women. Prev Med (Baltim) [Internet]. 2016;83:56–62. Available from: http://dx.doi.org/10.1016/j.ypmed.2015.11.030

3�. Zhou P, Hughes AK, Grady SC, Fang L. Physical activity and chronic diseases among older people in a mid-size city in China: A longitudinal
investigation of bipolar effects. BMC Public Health. 2018;18(1):1–16.

39. Paquet C, Coffee NT, Haren MT, Howard NJ, Adams RJ, Taylor AW, et al. Food environment, walkability, and public open spaces are associated with
incident development of cardio-metabolic risk factors in a biomedical cohort. Heal Place [Internet]. 2014;28:173–6. Available from:
http://dx.doi.org/10.1016/j.healthplace.2014.05.001

40. Ar-Yuwat S, Clark MJ, Hunter A, James KS. Determinants of physical activity in primary school students using the health belief model. J Multidiscip
Healthc [Internet]. 2013;6:119–26. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3615973&tool=pmcentrez&rendertype=abstract

41. Ribeiro AI, Mitchell R, Carvalho MS, de Pina M de F. Physical activity-friendly neighbourhood among older adults from a medium size urban setting in
Southern Europe. Prev Med (Baltim) [Internet]. 2013;57(5):664–70. Available from: http://dx.doi.org/10.1016/j.ypmed.2013.08.033

42. Braun LM, Rodríguez DA, Evenson KR, Hirsch JA, Moore KA, Diez Roux A V. Walkability and cardiometabolic risk factors: Cross-sectional and
longitudinal associations from the Multi-Ethnic Study of Atherosclerosis. Health Place [Internet]. 2016;39:9–17. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S1353829216000289

43. Kaczynski AT, Mowen AJ. Does self-selection in�uence the relationship between park availability and physical activity? Prev Med (Baltim) [Internet].
2011;52(1):23–5. Available from: http://dx.doi.org/10.1016/j.ypmed.2010.10.003

44. Lovasi GS, Bader MDM, Quinn J, Neckerman K, Weiss C, Rundle A. Body mass index, safety hazards, and neighborhood attractiveness. Am J Prev Med
[Internet]. 2012;43(4):378–84. Available from: http://dx.doi.org/10.1016/j.amepre.2012.06.018

45. Farrington JL, Faskunger J, Mackiewicz K. Evaluation of risk factor reduction in a European City Network. Health Promot Int. 2015;30:i86–7.

4�. Grant M. European Healthy City Network Phase V: Patterns emerging for healthy urban planning. Health Promot Int. 2015;30:i54–70.

47. De Leeuw E, Green G, Dyakova M, Spanswick L, Palmer N. European Healthy Cities evaluation: Conceptual framework and methodology. Health
Promot Int. 2015;30(i):i8–i7.

4�. Gammage KL, Gasparotto J, Mack DE, Klentrou P. Gender Differences in Osteoporosis Health Beliefs and Knowledge and Their Relation to Vigorous
Physical Activity in University Students. J Am Coll Heal [Internet]. 2012;60(1):58–64. Available from: http://ezproxy.deakin.edu.au/login?
url=http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=69699550&site=ehost-live&scope=site

49. Tamirat A, Abebe L, Kirose G. Prediction of physical activity among Type-2 diabetes patients attending Jimma University specialized Hospital ,
southwest Ethiopia : Application of health belief model. 2014;2(6):524–31.


