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Aim: To explore the correlation of exercise anticipation, self-efficacy and lower limb function in the elderly, and identify active 
predictors of exercise. The time up and go (TUG) has been used to access basic mobility skills, as well as strength, balance and agility, 
which is used in a range of population.
Methods: A cross-sectional survey approach was employed in this study, assessing the functional relationship of the level of exercise 
anticipation, modified gait efficacy scale (mGES), self-efficacy for exercise scale (SEE), perceived efficacy of patient–physician 
interactions (PEPPI-10), behavioral regulation in exercise questionnaire (BREQ), and the time up and go (TUG) and International 
Physical Activity Questionnaire (IPAQ). Consequently, we constructed the Bayesian network model utilizing Genie 2.3, in order to 
effectively determine clear negative and positive correlations.
Results: This investigation incorporated a total of 285 patients. The results of Spearman's correlation analysis indicated that the TUG 
effectively correlated with age (r = 0.158, P < 0.01), drinking (r=−0.362, P < 0.01), mGES (r=−0.254, P < 0.01), PEPPI (r=−0.329, P < 0.01), 
SEE (r =−0.408, P < 0.01), BREQ (r = 0.676, P < 0.01), EA (r =−0.688, P < 0.01) and IPAQ (r =−0.742, P < 0.01). TUG can be used as the 
direct influencing factor of IPA, and five nodes in the model can be considered the primary indirect influencing factors of TUG, such as 
drinking, EA, age, sex and mGES in Bayesian network. The sensitivity analysis of the model confirmed that TUG (0.059), drinking (0.087), 
EA (0.335), age (0.080), sex (0.164), mGES (0.028) and hypertension (0.030) can become the sensitivity evaluation indicators of IPAQ in 
the elderly community population, in which the area under the ROC curve (AUC) was 59.6% (2207/3705), indicating a suitable prediction 
performance.
Conclusion: Exercise anticipation and life behavior habit can effectively predict physical activity capability in the elderly. These 
findings can help clinicians establish effective intervention to improve the physical activity regularly of the elderly.
Keywords: self-efficacy, physical activity, exercise anticipation, elderly

Background
The proportion of people over the age of 60 is increasing at an accelerated pace when compared to any other age group, 
according to the World Health Organization (WHO).1 In the US, individuals aged 65 and up will have exponential 
growth, estimating from 43 million to 92 million in 2060.2 Given these considerable numbers, the frequency of geriatric 
diseases (for example, knee osteoarthritis) is also raised accordingly.3 Despite the good health benefits of exercise, many 
surveys have found that over 60% of elderly do not take part in regular exercise, and only about 25% of them report 
regular participation in exercise.4,5

Self-efficacy relates to one’s confidence in one’s own ability to effectively execute a suitable course of action required 
to manage various circumstances.6 To a large extent, people frequently suffer from physical disabilities or impairments, 
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and die prematurely as a result of avoidable health-impairing behaviors.7 Self-efficacy plays a role in the maintenance of 
participating exercise programme, as well as in the early stages.8 Higher self-efficacy expectations could help people 
maintain energy during exercise or physical activity, expand less effort during exercise or physical activity, and report 
more positive effects during or after physical activity and feel more relaxed.9,10 Meanwhile, the study found that effective 
patient–physician interaction has been confirmed to be associated with a broad range of improved outcomes of 
intervention, for example, functional status.11

The theory of planned behavior (TPB) is a social cognitive concept, which explains the intentional behavior.12 

According to TPB, behavioral intention is the most initial aspect of individual behavior, which is influenced by attitude, 
behavioral control and so on. The study found that taking part in exercise or physical activity was mostly influenced by 
attitude among men and subjective norm among women through the application of TPB. “Not motivated to perform 
exercise” was a specific factor, which affected attitude toward exercise in male; meanwhile, friends and family were the 
important support to participate in exercise for females.13 Some elderly have the perception that exercise was not suitable 
for them and the physical activity that they were doing was enough.14 The misconception toward physical activity leads 
them to various health problems.15

With the low level of exercise in the elderly, how to promote and maintain a reasonable level of exercise or physical 
activity in them, has become a primary research content of psychology, behavior, medicine, and other disciplines. These 
theories examine and consider aspects of exercise according to different perspectives and hypotheses. Thus, this study 
focuses on these two key theories to explain exercise: planned behavior theory and self-efficacy theory.

Walking is the most important way of human movement. It penetrates into daily life and sports and is needed on various 
occasions. Walking ability is one of the important criteria to evaluate the exercise ability of the elderly. Gait analysis is used 
to record, measure and explain the biomechanical process of walking. It is known as the “gold standard” for clinical 
evaluation of lower limb function. The time up and go (TUG) assessed basic mobility skill, as well as strength, balance and 
agility.16 The TUG is used in a range of populations and many conditions, for example, osteoarthritis, joint replacement, 
rheumatoid arthritis, and so on.17 Exercise anticipation involves not only the perceptual process of current information but 
also the integration of cultural background and current information, which is more complex than exercise perception. And the 
study showed that exercise anticipation is closely related to decision-making and judgment in sports.18

In China, the study of planned behavior theory and self-efficacy theory on exercise in the elderly is at its infancy and 
the Bayesian network research of rehabilitation nursing is small. To date, the exercise effects of the planned behavior 
theory and the self-efficacy theory have been sufficiently confirmed in teenagers.19 Accordingly, this study aims to 
explain and elucidate the complex relationship of self-efficacy, exercise motivation, and walking ability in the elderly, 
and identify influence predictors of physical activity.

Method
Design
This study is an observational research, which uses the cross-sectional survey to validate the correlation of exercise 
anticipation, self-efficacy and lower limb function in the elderly.

Participants
The participants in this study are the elderly, who have been fit with the inclusion criteria from five different 
communities. We had used the convenient sampling method.

Inclusion criteria: (1) display adequate comprehension and consciousness; (2) over 65 years; and (3) have a decent 
living capability as measured by the Barthel Index20 (BI) >60; and provide (4) written informed consent.

Exclusion criteria include (1) suffering from a nervous system disorder, like Alzheimer’s disease, which interferes 
with cognitive capacity; and (2) exhibiting symptoms like aphasia and deafness whereby the participant is unable to 
communicate with others.
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Sample Size
The sample size of this survey is obtained by statistical formula:21

N ¼ Z2PQ
� �

d2 

N = evaluation of the sample
P = Percentage of subjects with good exercise behavior
Q = Percentage of subjects with poor exercise behavior
Regardless of the value of P and Q, the maximum PQ should be equal to (0.5)(0.5).
Z = Value corresponding to 90% confidence interval under normal distribution curve (1.64)
d = The difference between the mean value of the accuracy sample measurement result and the actual population 

mean value is set as 5%
N=[(1.64)(1.64)(0.5)(0.5)]/[(0.05)(0.05)]=268.96
The sample size of this survey is 300. Considering the impact of the recovery rate, the questionnaires have been 

issued to ensure sufficient sample size, and the estimated recovery rate has 90%.
The Hospital Research Ethics Committee approved this study, with individuals signing consent forms with respect to 

their active participation. Individuals were informed about the purpose of the investigation, their rights, and the duties of 
the researchers before the start of this study. In order to explain the points for filling in the questionnaires, the researchers 
utilized standard, common advising language. Participants completed all of the surveys. Throughout the study, the 
individuals’ privacy was respected.

A survey was given at random to a sample of nearly 300 elderly at the community Health Center between April and 
July of 2021. We chose persons from the database at random.

The Tianjin Hospital Medical Ethics Committee approved this research in accordance with Chinese laws and 
regulations on human medical research (TJYY-2020-YLS-086).

In this study, a self-administered questionnaire was employed. Before this, the investigators explained the survey’s 
aim, as well as the respondents’ rights and duties, and acquired their agreement. Personal privacy was safeguarded 
throughout the survey, and all scales were gathered within 30 minutes. In the process of collection, the participants filled 
out the questionnaire independently firstly, who have been tested the expected ability of sports by computers secondly, 
who finally performed the time up and go test (TUG).

Assessment
Behavioral Regulation in Exercise Questionnaire (BREQ)
This questionnaire has been designed by Markland according to the planned behavior theory.22 The previous study 
confirmed that the Chinese version of Behavioral Regulation In Exercise Questionnaire (C-BREQ) has good internal 
consistency.23 The questionnaire includes 5 dimensions: non-motivation, external adjustment, internal adjustment, 
identity adjustment, and internal motivation. The Confirmatory factor analysis (CFA) of the C-BREQ showed that, 
χ2=446.283, df = 124, χ2/df=3.599, RMSEA = 0.048, CFI = 0.949 NFI = 0.930, IFI = 0.949, GFI = 0.956, which meets 
the model fitting standard, and thereby supporting the reliable validity of the questionnaire structure.24 Participants were 
asked questions relating to what they planned and motivated of exercise were measured on a five-point Likert-type scale 
ranging from 0 (not true for me) to 4 (very true for me).

Modified Gait Efficacy Scale (mGES)
The English version of Newell’s modified gait efficacy scale, as stated, comprises of ten indicators measuring 
a participant’s self-efficacy of walking safely in a range of different settings.25 These assessments are administered in 
various environments, and include simulated conditions such as stepping over an obstacle, walking along the roadside or 
stairs, and walking long-distances. Respondents chose a score in answer to the prompt “How confident are you that you 
would be able to safely …”. This scale used an 11-point Likert scale grading method, ranging from 0 to 100, with 100 
being the highest level of gait self-efficacy. The Chinese version mGES has sufficient internal consistency, with 
a Cronbach’s coefficient of 0.928.26
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Self-Efficacy for Exercise Scale (SEE)
The English version of self-efficacy for exercise scale (SEE) was used largely to assess exercise self-efficacy in the 
elderly.27 The Cronbach’s coefficient of the English version was 0.92, indicating good internal consistency. The 10-point 
Likert scale grading method was employed for this scale, with a high score suggesting more self-efficacy on exercise. 
Cronbach’s alpha for the Chinese version is 0.75, which can be used in clinical studies.28

Perceived Efficacy of Patient–Physician Interactions (PEPPI-10)
Scientists developed PEPPI-10 to examine participants’ self-efficacy in accessing medical treatment and information 
from a doctor or physician.29 PEPPI-10 has Cronbach’s coefficients of 0.91, demonstrating a strong theoretical founda-
tion and sufficient clinical practicality. The Chinese version PEPPI showed high validity and reliability (Cronbach’s 
coefficient 0.907) in elderly. The Chinese version PEPPI is comprised of ten items.30 Each was graded on an 11-point 
Likert scale, with 0 represent “not at all confident” and 10 represent “extremely confident.” The score range of the 
Chinese version PEPPI was from 0 to 100, 100 is the highest score, indicating that the individual is the best confident on 
patient–physician interactions.

Time Up and Go Test (TUG)
Patients were asked to perform a time up and go test (TUG), which required rising from an armless chair (45 cm high), 
walking three meters, turning at a cone placement, returning to their seat, and resuming their seated position. They were 
advised to walk at a steady pace without using shoes or walking aids. When patients’ buttocks were lifted off the chair to 
stand, time was measured, and later stopped when their buttocks met the seat upon returning to a seated posture. After 
three repetitions, the average readings were used in the study. In older individuals, the TUG test is very reliable.31 This 
study set two Timed Up and Go test thresholds (10 and 15 s) according to previously published evidence.32,33

Exercise Anticipation (EA)
This experiment’s video material included action clips (MP4) from several athletic sports videos. There were 20-second 
breaks between each task, which comprised 20 cycles. (1) Judging the badminton drop point in the video, the video’s 
freeze-frame corresponded with the moment the upper player’s racket hits the ball. The subjects were asked to judge the 
landing point of badminton in the left and right half as quickly and accurately as possible. (2) Judging the penalty goal in 
a football match in the video: the video’s freeze-frame timing was according to the instant the player’s foot struck the 
ball. (3) Judging the high jumper cross the bar: the freeze-frame time of the video was the moment when the player’s hip 
was over the crossbar. The exam card was filled out according to the directions, and each activity underwent a three- 
second assessment. The blanks on the exam card were filled out with the relevant number, and each activity was judged 
for up to three seconds. The evaluation index for this task is the accuracy rate. The accuracy rate was higher, which 
represented that the participants had better exercise expectation ability.

International Physical Activity Questionnaire (IPAQ)
This is a commonly used measurement tool, which can provide researchers and practitioners with an estimate of physical 
activity and sedentary behaviour in different populations, across a range of socio-economic settings.34 The IPAQ (long- 
form) consists of 27 questions, which reflect on the previous 7 days’ activities according to domain: 1) occupational 
physical activity; 2) transportation physical activity; 3) housework, house maintenance and caring for family; 4) 
recreation, sport and leisure-time physical activity; and 5) time spent sitting.35 Evaluation criteria: 1) Low: minimum 
physical activity level; 2) Medium: any of the following three criteria: ①more than 3 days, vigorous activity for at least 
20 minutes/day, ②at least 30 minutes/day of moderate intensity activities or walking for more than 5 days, ③any 
combination of walking for 5 days or more, moderate intensity or intense intensity activities to achieve 600 minutes/ 
week; 3) High: any of the following 2 criteria:①vigorous activity for at least 3 days, accumulating at least 1500 minutes/ 
week,②any combination of walking, at least 3000 minutes/week of moderate or severe intensity.36
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Statistical Analysis
Pearson’s correlation was utilized to determine the relationship and consistency among certain elements in the exercise 
anticipation assessments implementing different scales and scores.37 Sunce the IPAQ used the ranking score, we cannot 
measure the normal distribution. And the results of TUG are the objective indicators in this research, so we selected the 
TUG as the target parameters in the correlation analysis of this study. Pearson’s correlation analysis was utilized if the 
TUG had a normal distribution; else, Spearman correlation analysis was employed. A P-value of <0.05 denotes statistical 
significance. In this investigation, we performed a two-tailed test to see if these characteristics were correlated.38 The 
correlation coefficient was calculated using the following values: weak correlation (0.20–0.39), moderate correlation 
(0.40–0.59), strong correlation (0.60–0.79), and very strong correlation (0.80–1.0).37,39

In this study, we constructed a Bayesian network model with TUG as the goal. In the original data, we performed data 
cleaning and conversion. Table 1 shows the key scores and assignments from the study. Genie 2.3 (developed by the 
University of Pittsburgh’s Decision Systems Laboratory) was shown to be the most effective tool for completing 
Bayesian network parameter learning through the maximum expected value approach in this investigation.40,41 In 
addition, the network parameters are iterated on a regular basis utilizing the accident data, and the circumstances for 
computation termination are as follows: (1) posterior probability variance for a single risk factor is less than 1%; (2) the 
overall variance in posterior probability across the whole network is less than 15%.

Results
Participants
Of the 296 participants recruited, eleven patients were excluded because of missing responses, leaving 285 for 
analysis. The clinical and demographic characteristics of the enrolled patients have been shown in Table 1. The 
kurtosis of TUG was −0.456 and the skewness was −0.318, which has not shown the normal distribution (Figure 1). 
Since the TUG was the target parameter in correlation analysis, we selected the Spearman's correlation analysis (rs) in 
this research.

Correlation Analysis
The results of Spearman's correlation analysis indicated that the TUG effectively correlated with age, drinking, BREQ, 
mGES, SEE, PEPPI, EA and IPAQ. The results show that the TUG had weak but significant correlation with age 
(r = 0.158, P < 0.01), drinking (r=−0.362, P < 0.01), mGES (r=−0.254, P < 0.01) and PEPPI (r=−0.329, P < 0.01); which 
had moderate but significant correlation with SEE (r =−0.408, P < 0.01). What is more, that had strong and significant 
correlation with BREQ (r = 0.676, P < 0.01), EA (r =−0.688, P < 0.01) and IPAQ (r =−0.742, P < 0.01). Meanwhile, the 

Table 1 The Main Variables and Assignments

Variables Assignment Method

1. PEPPI-10 1=0~25,2=26~50,3=51~75,4=76~100
2. mGES 1=0~25,2=26~50,3=51~75,4=76~100

3. SEE 1=0~30, 2=31~60, 3=61~90
4. BREQ 1=0~24, 2=25~48, 3=49~72

5. TUG 1=0~10.00;2=10.01~15.00;3=15.01~

6. EA 1=0~20,2=21~40,3=41~60
7. Sex 1=Male, 2=Female

8. Age 1=65~, 2=70~, 3=75~

9. Smoking 1=No, 2=Yes
10. Drinking 1=No, 2=Yes

11. Hypertension 1=No, 2=Yes

12. Diabetes 1=No, 2=Yes
13. Cardiac 1=No, 2=Yes

14. IPAQ 1=Low, 2=Medium, 3=High
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results found that the TUG has no correlation with sex (r =−0.073, P > 0.05), smoking (r=−0.027, P > 0.05), hypertension 
(r=−0.007, P > 0.05), diabetes (r=−0.059, P>0.05), and cardiac (r =−0.019, P > 0.05) (Table 2).

Bayesian Causal Reasoning
The learning difficulty of network topology increases with a higher number of nodes. The Bayesian model used in this 
study involves 14 nodes and is reported as follows: sex, age, smoking, drinking, hypertension, diabetes, cardiac, BREQ, 
mGES, SEE, PEPPI, TUG, EA, IPAQ.

The learning outcomes of Bayesian Causal Reasoning have been depicted in Figure 2, which clearly shows the entire 
state of parameter and structural learning of the IPAQ prediction model for the elderly on physical activity and exercise in 
the community. In Figure 2 we can see that the TUG which can be used as the most direct influencing factor of IPAQ in 
complex relationships. Five nodes in the model can be considered the primary indirect influencing factors of TUG, 
respectively, drinking, EA, age, sex and mGES.

Subsequently, we conducted a sensitivity analysis on the model of learning outcomes. The results indicated that the 
seven parent nodes can become the sensitivity evaluation indicators of the IPAQ in the elderly community population, 
and which followed TUG (0.059), drinking (0.087), EA (0.335), age (0.080), sex (0.164), mGES (0.028) and hyperten-
sion (0.030). In this study, we established the Bayesian Network Model of IPAQ in the elderly community population, 
which has been confirmed that the area under the ROC curve (AUC) was 59.6% (2207/3705), indicating a suitable 
prediction performance (Figure 3).

Bayesian Predictive Reasoning
A Bayesian network can perform predictive reasoning, which is the act of determining the cause when the outcome state 
is known. The IPAQ is initially denoted as the state 1 according to the contents of Figure 4A, which indicates that the 
probability distribution of its affecting variables has altered. Compared with Figure 2, the EA value increases signifi-
cantly, and the state 2 increased from 66% to 76%; the gender distribution has significantly changed, which the female 
population declined to 60%. And the BREQ distribution changed slightly, and the state 2 decreased to 46%.

According to the contents of Figure 4B, the IPAQ was initially state 2, and the probability distribution of influencing 
factors changes. Compared with Figure 2, the TUG changes significantly, the state 2 increases from 61% to 78%; the EA 

Figure 1 Participants’ TUG distribution.
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changes significantly; the state 2 increased from 66% to 72%; the gender distribution also changes significantly; and the 
female population increased from 69% to 75%.

According to Figure 4C: Initially, the IPAQ is state 3, and the probability distribution of the influencing factors also 
changed. When compared to Figure 2, the TUG changed significantly, where the state 1 increased from 23% to 81%; the 
EA changed significantly, where the state 3 increased from 27% to 63%; and the BREQ also changed significantly, 

Table 2 Spearman Correlations Between TUG and Other Variables

A Sex Age Smoking Drinking Hypertension Diabetes Cardiac

TUG Spearman correlations −0.073 0.158** −0.027 −0.362** −0.007 −0.059 0.019
Sig 0.222 0.007 0.645 0.000 0.909 0.321 0.752

N 285 285 285 285 285 285 285

Bootstrap a Deviation −0.002 −0.002 −0.002 0.003 0.003 0.001 0.000
Standard error 0.062 0.060 0.056 0.047 0.058 0.062 0.060

95% CI Floor −0.194 0.034 −0.139 −0.448 −0.114 −0.184 −0.101
Ceiling 0.041 0.275 0.079 0.261 0.114 0.066 0.132

B BREQ mGES SEE PEPPI EA IPAQ

TUG Spearman correlations 0.676** −0.254** −0.408** −0.329** −0.688** −0.742**
Sig 0.000 0.000 0.000 0.000 0.000 0.000

N 285 285 285 285 285 285

Bootstrap a Deviation 0.000 0.002 0.003 0.005 0.003 0.002

Standard error 0.039 0.061 0.056 0.058 0.041 0.028

95% CI Floor −0.749 −0.374 −0.514 −0.497 −0.761 −0.792

Ceiling 0.595 0.133 0.289 −0.270 −0.598 −0.683

Notes: **P<0.01. Bootstrap aThe bootstrap results are based on 1000 bootstrap samples.

Figure 2 The Bayesian networks of IPAQ.
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where the state 2 increased from 50% to 55%; at the same time, the state 4 of the mGES also increased from 50% 
to 55%.

Discussion
The present study provided preliminary evidence for the active predictors and influences of physical activity and exercise 
in the elderly. The participants in this study were community-based, from three areas of Tianjin. The diversity of the 
participants contributes to the generalisability of the results and the findings can be used to strengthen the guideline of 
physical activity and exercise among the elderly for future use. In this study, the results showed that there is a strong 
correlation between TUG and IPAQ in elderly, which confirmed the previous hypothesis that TUG is a useful clinical 
index for understanding the motor characteristics of older adults.42

In the present study, we found that the TUG is also the most direct influencing factor of the IPAQ Bayesian network 
in elderly. Meanwhile, the results showed that drinking, EA, age, sex and mGES could influence the IPAQ indirectly. 
This study further confirmed that the attitude and self-efficacy of physical activity in the elderly can affect personal 
behaviour, in addition to demographic factors, such as age and gender. A general misconception of modern culture 
accepts that the old age is a time for relaxation and that physical activity and exercise are unnecessary.43 A study 
conducted among Iranians found that the majority of the Iranian elderly did not take part in exercise because of lazy 
attitude. Using Bayesian converse reasoning, we found the changing trends of TUG and EA were consistent with IPAQ in 
Figure 4A–C, especially when the state is at a high level. This result further illustrated the TUG and EA are the important 
predictors of the physical activity in the elderly.

Finally, this study confirmed that exercise anticipation is the most forecast sensitive index of the IPAQ in Bayesian 
network. This result showed that the ability to integrate and judge exercise information can strongly affect the level of 
exercise and physical activity. So improving the ability of exercise anticipation is an important method in cultivating 
good physical activity habits. Hence, this preliminary research would benefit from further investigation.

There are several limitations to this study. First, since the total sample size of study participants is small, we could not 
conduct more in-depth analyses, such as constructing a parameter model. Second, a scarcity of research funding meant 
that we were not able to complete the entire Bayesian inference. Aside from the limitations mentioned above, this study’s 

Figure 3 The sensitivity analysis of the Bayesian networks.
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Figure 4 (A) The Bayesian Predictive Reasoning of IPAQ (B) the Bayesian Predictive Reasoning of IPAQ (C) the Bayesian Predictive Reasoning of IPAQ.
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findings were highly supportive of the strong correlation between walking capacity and exercise in the elderly. Improving 
exercise anticipation and developing physical activity habits are effective strategies for successful aging.

Conclusion
This study demonstrated that the exercise anticipation and physical activity habits have a close relationship in the 
elderly. Exercise anticipation and life behavior habit can effectively predict physical activity capability in the elderly. 
These findings can help clinicians establish effective intervention to improve the physical activity regularly of the 
elderly.
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