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Abstract

Objectives: The purpose of this study is to explore the mediating effect of physical disability, as
well as the role of physical activity (PA) as a moderator in the relationship between physical
frailty and health-related quality of life (HRQoL) among rural older adults in China.

Design: Cross-sectional analysis.

Setting: Rural households in Shandong of China (Rushan, Qufu, Laolin).

Participants and methods: A survey was conducted among 3,243 rural older adults. The data
were collected using questionnaires measuring physical frailty, physical disability, HRQoL and
PA. Bootstrap analyses were employed to explore the mediating effect of physical disability on
physical frailty and HRQoL, and the moderating role of PA.

Results: After controlling for age and education, physical disability partially mediated the effect
of physical frailty on HRQoL [indirect effect = -0.143, 95% confidence intervals (CI) =-0.175, -
0.113], with the mediating effect accounting for 33.71% of the total effect. PA moderated the
relationship between physical frailty and physical disability, as well as the relationship between
physical disability and HRQoL.

Conclusions: PA can moderate the indirect effect of physical disability on the association
between physical frailty and HRQoL. This study helps to understand the mechanism underlying
the association between physical frailty and HRQoL. Encouraging the rural older adults to
increase PA appropriately might improve the HRQoL for the older adults with physical frailty

and physical disability problems.
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Strengths and limitations of this study

1. Few studies have assessed the moderating and mediating factors of the relationship between
physical frailty and HRQoL in rural older adults specifically.

2. Our study will help to elucidate the underlying mechanism of the relationship between
physical frailty and HRQoL and form an effective way to improve the HRQoL of the older
adults in rural areas.

3. The latest EQ-5D -5L health utility scores method refers to Chinese integral conversion table,
which is more suitable for the measurement of the Chinese population.

4. The data we used cannot predict the causal relationship.

5. More potential mechanisms related to physical frailty and HRQoL among the older adults

need to be explored in the future.
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1.Introduction

Population aging has become a global social problem. As one of the world's most aging
countries, China had 249 million people aged over 60 years in 2018, accounting for 17.9 percent
of the total population'. It is predicted that by 2050, the older adults over 60 will account for
more than 35.1% of the total population®. With the increasing aging population and the extension
of life expectancy, improving the health-related quality of life (HRQoL) of the older adults is an
important public health issue. HRQoL is a predictive factor of mortality in the older adults?.
Compared with urban older adults, the HRQoL of rural older adults is worse*3, which needs
more attention.

Physical frailty is a medical syndrome caused by a variety of etiologies and causes, which is
characterized by a decline in physical strength, endurance, and decreased physiological
function®. With the increase of age, the risk of physical frailty increases’. Frailty may lead to
negative health consequences, including fall, reduced activity, reduced independence, frequent
hospitalization, and disability®. These adverse outcomes resulted in a decline in the quality of life
of the older adults. Previous cross-sectional and longitudinal studies have shown that frailty was
negatively associated with HRQoL? !°. In addition, the HRQoL in older adults with frailty is
poorer than the non-frailty older adults!!. Although the association between physical frailty and
quality of life has been confirmed, the underlying mechanism remains unclear.

The prevalence of physical disability is high among the frail older adults '* 3. Some studies
showed physical frailty was closely related to disability!'4 13, and might be the precursor and cause

of disability'®. A national longitudinal study of 7,439 people over age 65 in US showed that
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frailty was a strong predictor of disability!”. A prospective two-year cohort study in Japan also
showed that frailty and prophase of frailty increased the risk of disability'®. These findings
suggest that physical frailty is associated with disability in older adults. Studies have also
demonstrated that the quality of life worsened as the degree of disability increased, and the more
severe the disability, the worse the quality of life'’. Compared with non-disabled older adults,
disabled older adults are more prone to fall, depression, anxiety, etc., and their HRQoL was
significantly reduced. Therefore, frailty may have an indirect effect on individual’s HRQoL
through the mediating effect of physical disability.

Physical frailty is considered to be reversible and preventable?. Physical activity(PA) is a
key factor of reverse and prevent frailty in the older adults?!. Studies have found that physical
activity moderated the relationship between chronic illness and functional limitations, and
moderated functional disability and body function???3. PA can alleviate the decline of physical
function in the older adults and has a beneficial effect on functional limitations, physical frailty,
disability and quality of life in the older adults?*-?%. Studies indicated the positive effect of
physical activity on reducing adverse events caused by frailty in older people. Performing a
physical activity of moderate to vigorous intensity would improve physical frailty and prevent
the occurrence of disability when compared to the performance of a physical activity of low
intensity, ultimately promote older adults' quality of life?’-2°. Therefore, we speculate that PA
may moderate the relationship between frailty and physical disability, and between physical
disability and HRQoL.

In the present study, we aim to explore the relationship between physical frailty and
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HRQoL, focusing on the mediating role of physical disability and the moderating role of PA in
the relationship between physical frailty and HRQoL. The conceptual framework of the

moderated mediation model was shown in Fig. 1.

2. Methods

2.1.1 Design and sample

This study was conducted from May to June, 2019 in Shandong province, China. A multistage
stratified cluster sampling method was used to select participants, which was described in detail
in a paper we have previously published’. Three rural counties (Qufu, Laoling and Rushan) were
selected according to the GDP per capita (2018) in Shandong. Within each selected county, five
townships were randomly selected. Then, four villages were selected from each selected
townships and the elderly aged over 60 years old who were randomly selected from sample
villages. All participants completed the questionnaire independently. The survey was completed
in about an hour, and the investigators checked the questionnaires when the participants returned
them. A total of 3,600 respondents were recruited from 60 villages and 15 townships in 3 rural
counties in Shandong province, of whom 3,243 completed the entire survey, with a response rate

of 90.05%.

2.2. Variables and measurement

2.2.1 Independent variable
Physical frailty was measured by Frailty Phenotype?!. The scale is a widely used frailty screening

scale with good reliability and validity3? 33, Frailty was defined based on the following five
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aspects: weight loss, exhaustion, low physical activity level, slowness, weakness. (DWeight
loss: In the past 1 year, participants’ body mass index (BMI) decreased by >5.0% (except for
personal deliberate weight loss). (@Exhaustion: Using the Center for Epidemiological Studies-
Depression(CES-D)** : “How often in the last week did you feel this way?” (1) I could not get
going and (2) I felt everything I did was an effort. Either of the above two questions that
participants answered 3-4 days and most of the time, was considered exhaustion.(@Low physical
activity level: According the International Physical Activity Questionnaire-short Form (IPAQ-
SF)* 36 | we used standard algorithms to calculate the Kcals consumed per week. The criterion is
adjusted according to gender. Male: < 383 Kcals/ week is a decrease in physical activity, while
female: < 270 Kcals/ week is a decrease in physical activity. @Slowness: Slowness was
assessed via walking speed at 15 ft measured for 3 times, and we record the minimum value. The
criterion is adjusted according to gender and height. Men: height<173 c¢m and time>7 seconds;
height > 173 cm and time > 6 seconds. Women: height<159 cm and time>7 seconds ;height
>159 cm and time > 6 seconds. (®Weakness: Weakness was assessed by grip strength using a
handgrip dynamometer was measured for 3 times, and we record the maximum value, adjusted
for gender and BMI. Men: BMI < 24 and grip strength < 29;BMI 24.1-26 and grip strength <
30;BMI 26.1-28 and grip strength < 30;BMI > 28 and grip strength < 32.Women:BMI < 23
and grip strength < 17;BMI 23.1-26 and grip strength < 17.3;BMI 26.1-29 and grip strength <
18;BMI > 29 and grip strength < 21.

2.2.2 Dependent variables

HRQoL was measured by the health utility value of EQ-5D-5L%. The EQ-5D-5L consists of the
7
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EQ-5D-5L descriptive system and the EQ visual analogue scale (EQ-VAS). The EQ-5D-5L
descriptive system has five elements (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) and each element includes five level (no problems, some problems, moderate
problems, severe problems and extreme problems). The latest EQ-5D -5L health utility scores
method refers to Chinese integral conversion table®’. The range of utility value is [-0.391, 1.000].
A higher score indicates better health condition of the respondents. The Cronbach’s coefficient
was 0.761 in this study.

2.2.3 Mediator

Physical disability was evaluated by the Activity of Daily Living Scale (ADLS), which was
developed by Lawton and Brody in 1969 to measure the disability of the older adults?® 3°. The
Scale consists of 14 items, including Physical Self-Maintenance Scale (PSMS) and Instrumental
Activities of Daily Living (IADL). The total score is 14-56, with higher scores indicating
increased physical disability. A score of 14 and lower indicates completely normal physical
ability, a score between 15 and 22 is defined as mild disability, and a score of 23 and higher is
defined as severe disability. ADLS is recommended by WHO and has been widely used in older
adults in China, with good reliability and validity*’. Cronbach’s alpha was 0.764 in this study.
2.2.4 Moderator

PA was assessed using the IPAQ-SF33 36, The questionnaire contains 7 questions, 6 of which
were about physical activity. The IPAQ-SF investigates the PA of the individuals in the last 7
days. The questionnaire involved three types of intensity activities, including vigorous physical

activity (VPA =8.0 metabolic equivalent [METs]),
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moderate physical activity (MPA =4.0 METs), and low physical activity (LPA =3.3 METs). PA
of each person engaged in a certain intensity per week is the METs value corresponding to that
physical activity X weekly frequency x daily time, and the sum of three PA is the total PA (met-h
/week). The greater the overall physical activity value, the higher the physical activity.

2.3 Data analysis

To analyze the data, categorical variables were expressed using frequency and percentages (%)
and continuous data were described using mean (standard deviation). Pearson correlation
coefficient was used to analyze the correlation among physical frailty, physical disability, and
HRQoL. All these analyses were performed using IBM SPSS 24.0 (IBM Corp., Armonk, NY,
USA). All regression coefficients were tested by the bias-corrected percentile Bootstrap method.
The theoretical model was tested by estimating the 95% confidence interval (CI) for mediation
and moderating effects with 5000 sampled with repetition. If the 95% CI did not include 0, it
meant that the statistics was significant. The mediation model and moderated mediation model
were tested with the PROCESS V3.3 macro for SPSS*!. In the current study, we selected Model
4 and Model 58 to analyze the mediating effect and moderated mediation model. In addition,
through t test and ANOVA analysis, we found that HRQoL is related to age and education.
Previous studies have also found HRQoL was associated with age and education*>43. We
controlled age and education in this study. Sampling weights were used in all of the analyses to
adjust for the survey design.

2.4 Patient and public involvement statement

This research was done without patient involvement. No patients were involved in developing
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the hypothesis and plans for design of this study either. The results would not be disseminated to
study participants or any other individuals or communities.

2.5 Ethical considerations

The study was approved by the Ethics Committee of School of Public Health in Shandong
University, P. R. China. The participants have been informed of the purpose and procedures of
the study before the investigation. Before the study began, participants had signed written

informed consent indicating that they were fully aware of the study procedures.

3. Results

3.1 Common method biases

We used Harman single factor test to conduct a common method biases test**. The results show
that there are 12 factors with eigenvalues greater than 1, and the variance explained by the first
factor is 17.92%, which is less than 40% of the critical standard, indicating that there are no
serious common method biases in this study.

3.2 Socio-demographic characteristics of the participants

There were 3,243 participants, comprising 2,060 (63.5%) women and 1,182 (36.5%) men. The
average age was 69.88 (SD=6.10) years, ranging from 60 to 97 years. Of the participants, 25.5%
were single. About 72.4% had chronic disease. The majority (81.9%) were empty nest elderly.
3.3 Bivariate correlations of main variables

The mean, standard deviation and correlation coefficient of each variable were shown in Table 1.

Physical frailty was positively correlated with physical disability (» = 0.330, P < 0.01), physical
10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

BMJ Open

frailty was negatively correlated with HRQoL (r =-0.426, P <0.01) and PA (r =-0.299,
P<0.01). Physical disability was negatively correlated with HRQoL (r = -0.557, P <0.01) and
PA (r=-0.184, P <0.01). PA was positively correlated with HRQoL (r =0.196, p < 0.01).

3.4 Mediation effect analysis

Model 4 in the SPSS macro compiled by Hayes 2013#! was used to test the mediating effect of
physical disability in the relationship between physical frailty and HRQoL under the control
variable of age, education. As shown in Table 2 and Table 3, physical frailty had a significant
predictive effect on quality of life (f = -0.423, t =-26.031, P <0.001), and the direct predictive
effect of frailty on quality of life was still significant when the mediating variable physical
disability was added. Meanwhile, physical frailty had a significant positive predictive effect on
physical disability (f = 0.295, t = 17.729, P < 0.001). Physical disability also has a significant
negative predictive effect on HRQoL (8 =-0.482, t = -32.407, P < 0.001). In addition, the upper

and lower limits of the Bootstrap 95% CI for the direct effect of physical frailty on HRQoL and

the mediating effect of physical disability on physical frailty and HRQoL did not include O(Table
3), indicating that the mediating effect was significant. The mediating effect value was-0.143 and

the 95% CI was [-0.175, -0.113], which accounted for 33.71% of the total effect. This shows that

disability plays a partial mediating role in the relationship between physical frailty and HRQoL.
3.5 Moderated mediation effect analysis

PROCESS macro method (Model 58) compiled by Hayes (2013)*' was used to test the
moderated mediation model while controlling for age and education(Table 4 and Table 5).After

PA was put into the model, the interaction term between physical frailty and PA significantly

11
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predicted physical disability (f =-0.121, t =-7.058, P <0.001) (Table 4, Model 1), and the
interaction term between physical disability and PA also had a significant predictive effect on
HRQoL (f#=0.116,¢=6.119, P<0.001) (Table 4, Model 2). These results suggest PA played a
moderating role in the relationships between physical frailty and physical disability and between
physical disability and HRQoL.

Simple slope analyses indicated that the significant interaction at 1 SD below the mean and
1 SD above the mean of physical activity (See Fig. 2 and Fig. 3).Physical frailty had a significant
predictive effect on the disability of individuals with high-level or low-level PA, but the
predictive effect of physical frailty on physical disability was stronger for individuals with low-
level PA (Bgimpte = 0.370, 1= 16.979, P < 0.001) than for individuals with high-level PA, as
shown in Fig. 2 (bsimpie = 0.120, £ = 4.322, P < 0.001).Fig. 3 showed that for high levels of PA
individuals, the effect of physical disability and physical HRQoL was significant (bgimple = -
0.301, £=-9.159, P <0.001). However, for low-level of PA individuals, the effect of physical
disability and HRQoL was still significant but considerably stronger (bgimplc = -0.546, ¢ = -
29.701, P < 0.001) . In addition, as the level of physical activity increased, the mediating effect
of physical disability on the relationship between physical frailty and HRQoL declined(Table 5).
4.Discussion
In this study, a moderated mediation model was established with the mediation role of physical
disability on the relationship between physical frailty and HRQoL, as well as the role of PA as a
moderator in this indirect path between physical frailty and HRQoL. These findings elucidate the

potential causes of physical frailty on HRQoL and facilitate the development of targeted
12
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interventions for individuals so as to improve HRQoL in rural older adults.

Consistent with previous studies® 4, we find that physical frailty negatively affect HRQoL
of the older adults. This suggests that as the degree of physical frailty increases, the quality of
life in the older adults becomes worse. Although many studies have established a direct
relationship between frailty and HRQoL, few have explored the underlying mechanisms of this
relationship. Our study demonstrates that the physical disability mediates the physical frailty and
HRQoL, with the mediating rate of 33.71%. A study also suggested that physical disability was
one of the potential factors underlying the association between frailty and HRQoL, which was
similar with our study*’.

The current study indicates that physical frailty is associated with disability, which is
consistent with a study by Kojuma G*. Frail older adults are very vulnerable to adverse health
effects. A study indicated the risk of disability in the frail older adults was 12- to 13-fold
increased than that in the non-frail older adults*. Meanwhile, this study also demonstrates that
the negative predictive effect of disability on individual HRQoL, which was consistent with
previous studies>®3!. The possible explanation is that disabled older adults’ poor self-care ability
deteriorates their health, such as their normal physiological activities are restricted, physiological
function is declined, social interaction is reduced, and ultimately affect the HRQoL. One study
found that disability was the most important health problem for the older adults, which seriously
affected their quality of life in old adults’ later years™2. The disability was the most important
factor that contributed to decreasing quality of life in the older adults. Physical disability has

been shown to be associated with increased chronic diseases, and premature mortality™3 34, all of
13
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which could adversely affect the quality of life of older adults®. Therefore, physical frailty may
reduce HRQoL of rural older adults by increasing their disability.

In the present study, we also find that PA plays a moderating role in the indirect effect
between physical frailty and HRQoL. A larger indirect effect is observed among rural older
adults with low-level of PA than among those with average or high-level of PA. Specifically, PA
moderates the relationship between physical frailty and physical disability, and between physical
disability and HRQoL. For older adults with low-level PA, the impact of physical frailty on
physical disability is stronger than older adults with high-level PA. This finding indicates that
PA moderates the relation between physical frailty and physical disability. We speculate that the
older adults with low-level PA may have a decline in their physiological system reserves, leading
to a deterioration of their functional status and ultimately increasing the possibility of physical
frailty and disability>®. A systematic review showed that older adults without exercise habits
were at greater risk of developing frailty. Taichi, resistance sports and other physical activities
could effectively improve the health of the older adults, reduce the symptoms of physical
weakness, and prevent the occurrence of physical disability>’. Compared with the older adults
with high-level PA, the older adults with low-level PA are more vulnerable to the negative
effects of physical frailty. As a result, physical frailty may cause more interference in older
adults with low-level PA and increase the risk of physical disability.

We also find that physical disability has a significant impact on quality of life at both high
and low-level of PA. Compared with older adults with high levels of PA, physical disability is

more likely to adversely affect HRQoL of older adults with low-level PA. A study showed that
14
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low-level PA was a major contributing factor for older adults disability”®. As the level of
disability increases, the individuals with low-level of PA experience a more serious functional
decline and become more worried about the health status, thus further negatively affect the
HRQoL>. In addition, physical disability has a greater effect on individuals with low-level PA
than high-level PA, which indicates that PA plays a moderating role between physical disability
and HRQoL. One study found that PA could improve the physical function and daily life
activities of disabled older adults, and ultimately improved the life of older adults quality®.
Therefore, a low-level of PA might be associated with poor quality of life in rural older adults
with high disability.

Based on our findings, we recommended that community health managers should enhance
screening and assessment of frailty in rural older adults. The older adults who are frail or pre-
frail should be intervened in time, and the older adults who are disabled should be given special
attention. Targeted and individualized intervention programs should be designed according to the
different characteristics of the stages of frailty and disability. Besides, rural communities should
establish some public facilities or organize some public activities to encourage the older adults to
participate in sports activities.

There are several limitations in this study. First, our study was based on a cross-sectional
study, which could not provide strong evidence of causation. Future research could adopt a
longitudinal design or experiments to explore the causal relationship between physical frailty and
HRQoL. Secondly, the data in this study come from the participants’ self-report information,

which might result in recall bias. Thirdly, physical disability has a partly mediating effect on the
15
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1

2

3

4 319 relationship between physical frailty and HRQoL, which indicates that there are other mediating
5

7 320  variables in this relationship. More potential mechanisms related to physical frailty and HRQoL
8

?O 321 among the older adults need to be explored in the future.

1

12 322

13

14 .

15 323 Conclusion

16

17 324  This study shows that physical frailty is related to HRQoL, and physical disability mediates the
20 325  relationship between physical frailty and HRQoL, and PA moderates the mediating relationship.
22 336 A greater effect is observed among rural older adults with low-level of PA than that among those
25 327  with high-level of PA. This will help to elucidate the underlying mechanism of the relationship
328  between physical frailty and HRQoL and form an effective way to improve the HRQoL of the

30 329  older adults in rural areas.
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Table 1 Correlations coefficients of main variables among the participants in Shandong, China, 2019

(N=3243)
Variable M SD 1 2 3 4
1.Physical frailty 1.511 1.071 1
2.Physical disability 16.994 4.366 0.330™" 1
3.Physical activity 3122.346 3157.705 -0.299*** -0.184™ 1
4 HRQoL 0.896 0.161 -0.426™ -0.557" 0.196™" 1
M mean, SD standard deviation
**P<0.001

Table 2 Testing the mediation effect of physical disability between physical frailty and HRQoL among the

participants in Shandong, China, 2019

Predictors Modell(HRQoL) Model2(Physical disability ) Model3(HQRoL)
p t p t

Age -0.018 -0.731 6.349™ 0.061 2.758"™
Education 0.010 0.162 -0.182 -8.326™" -0.084 -4.507"
Physical frailty -0.423  -26.031"" 17.729*" -0.280 -18.957**
Physical disability -0.482 -32.407"
R? 0.181 0.141 0.381
F 238.859"" 176.932™* 499.748"*"

*P<0.01, **P<0.001
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Table 3 Total effect, direct effect and mediation effect

Page 24 of 29

Effect size BootSE BootCI Relative effect
Low High value
Total effect -0.423 0.020 -0.461 -0.382
Direct effect -0.280 0.017 -0.313 -0.247 66.29%
Mediation effect -0.143 0.016 -0.175 -0.113 33.71%

BootSE bootstrap standard error, BootCI bootstrap confidence interval

Table 4 Testing the moderated mediation effect of physical frailty on HRQoL among the participants in

Shandong, China, 2019

Predictors Model 1(Physical disability) Model 2(HRQoL)
B t B t
Age 0.154 5.956"" 0.062 2.765™
Education -0.181 -8.393* -0.073 -3.849"*
Physical frailty 0.246 13.965"*" -0.260 -17.070™
Physical activity -0.104 -5.555*" 0.091 4.673™
Physical frailty X PA -0.120 -7.058™
Physical disability -0.421 -24.364™"
Physical disability X PA 0.116 6.119"
R2 0.159 0.390
F 122.004™* 345.138"*
" P<0.01, **P<0.001
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Table 5 Mediating effect values at different levels of physical activity among the participants in Shandong,
China, 2019

Physical activity Effect BootSE BootLLCI BootULCI
M-1SD -0.209 0.023 -0.250 -0.160
M -0.104 0.013 -0.132 -0.080
M+1SD -0.040 0.012 -0.062 -0.017

M mean, 1SD one standard deviation, BootSE bootstrap standard error, BootLLCI bootstrap lower limit
confidence interval, BootULCI bootstrap upper limit confidence interval

Fig. 1 The conceptual framework of the moderated mediation mode

Fig. 2 Simple slope analysis shows that physical frailty moderated the relation between physical frailty and HRQoL

Fig.3 Simple slope analysis shows that physical activity moderated the relation between physical disability and

HRQoL
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1

2 STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

i Item Page
5 No Recommendation No
6 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or P2
7 the abstract

2 (b) Provide in the abstract an informative and balanced summary of what P2
10 was done and what was found

1 Introduction

:g Background/rationale 2 Explain the scientific background and rationale for the investigation being | P4-
14 reported P5
15 Objectives 3 State specific objectives, including any prespecified hypotheses P5-
16 P6
17

18 Methods

19 Study design 4 Present key elements of study design early in the paper P6
20 Setting 5 Describe the setting, locations, and relevant dates, including periods of P6
;; recruitment, exposure, follow-up, and data collection

23 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection P6
24 of participants

;2 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | P7
27 and effect modifiers. Give diagnostic criteria, if applicable

28 Data sources/ 8* For each variable of interest, give sources of data and details of methods P7
29 measurement of assessment (measurement). Describe comparability of assessment

2(1) methods if there is more than one group

32 Bias 9 Describe any efforts to address potential sources of bias P10
33 Study size 10 Explain how the study size was arrived at P6-
34 P9
22 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If P6-
37 applicable, describe which groupings were chosen and why P9
38 Statistical methods 12 (a) Describe all statistical methods, including those used to control for P9
ig confounding

41 (b) Describe any methods used to examine subgroups and interactions

42 (c) Explain how missing data were addressed

43 (d) If applicable, describe analytical methods taking account of sampling P9
2: Strategy

46 (e) Describe any sensitivity analyses P9
2; Results

49 Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers

50 potentially eligible, examined for eligibility, confirmed eligible, included

51 in the study, completing follow-up, and analysed

gg (b) Give reasons for non-participation at each stage

54 (¢) Consider use of a flow diagram

55 Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, P10
56 social) and information on exposures and potential confounders

g; (b) Indicate number of participants with missing data for each variable of

59 interest

60 Outcome data 15*  Report numbers of outcome events or summary measures P10-
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted P12
estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were
categorized
(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions,
and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives P12
Limitations 19 Discuss limitations of the study, taking into account sources of potential P15
bias or imprecision. Discuss both direction and magnitude of any potential
bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, P15
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results P15
Other information
Funding 22 Give the source of funding and the role of the funders for the present P17

study and, if applicable, for the original study on which the present article
is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Abstract

Objectives: The purpose of this study is to explore the mediating effect of physical disability, as
well as the role of physical activity (PA) as a moderator in the relationship between physical
frailty and health-related quality of life (HRQoL) among rural older adults in China.

Design: Cross-sectional analysis.

Setting: Rural households in Shandong of China (Rushan, Qufu, Laolin).

Participants and methods: A survey was conducted among 3,243 rural older adults. The data
were collected using questionnaires measuring physical frailty, physical disability, HRQoL and
PA. Bootstrap analyses were employed to explore the mediating effect of physical disability and
also the moderating role of PA on physical frailty and HRQoL.

Results: After controlling for age and education, physical disability partially mediated the effect
of physical frailty on HRQoL [indirect effect = -0.143, 95% confidence intervals (CI) = -0.175,
-0.113], with the mediating effect accounting for 33.71% of the total effect. PA moderated the
relationship between physical frailty and physical disability, as well as the relationship between
physical disability and HRQoL. Specifically , the interaction term between physical frailty and
PA significantly predicted physical disability (5 =-0.120, ¢ =-7.058, P<0.001), and the
interaction term between physical disability and PA also had a significant predictive effect on

HRQoL (5= 0.115, =6.104, P< 0.001).
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Conclusions: PA can moderate the indirect effect of physical disability on the association
between physical frailty and HRQoL. This study helps to understand the mechanism underlying
the association between physical frailty and HRQoL. Encouraging rural older adults to increase
PA appropriately might improve HRQoL for older adults with physical frailty and physical

disability problems.

Key words: HRQoL; Physical activity; Physical frailty; Physical disability; Rural older adults;

Moderated mediation analysis
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Strengths and limitations of this study

1. This is the first study to investigate the moderating and mediating factors of the relationship
between physical frailty and HRQoL among older adults in rural China.

2. Moderated mediation model was used to explore the potential effect of physical disability
and physical activity.

3. Cross-sectional data could not provide strong evidence of causation.

4. Only two control variables were included in this study, and more confounding factors will be
included to verify our results in the future.

5. More potential mechanisms related to physical frailty and HRQoL among older adults need

to be explored by using longitudinal data in the future.
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1. Introduction

Population aging has become a global social problem. As one of the world's most aging countries,
China had 249 million people aged over 60 years in 2018, accounting for 17.9 percent of the

total population'.It is predicted that by 2050, older adults over 60 will account for more than
35.1% of the total population?.With the increasing aging population and the extension of life
expectancy, improving the health-related quality of life (HRQoL) of older adults is an important
public health issue. HRQoL is a predictive factor of mortality in older adults’.Compared with

urban older adults, the HRQoL of rural older adults is worse*3,which needs more attention.

Physical frailty is a medical syndrome caused by a variety of etiologies and causes, which is
characterized by a decline in physical strength, endurance, and decreased physiological function®.
With the increase of age, the risk of physical frailty increases’.Frailty may lead to negative health
consequences, including fall, reduced activity, reduced independence, frequent hospitalization,
and disability®. These adverse outcomes resulted in a decline in the quality of life of older adults.
Previous cross-sectional and longitudinal studies have shown that frailty was negatively
associated with HRQoL?-!!, and frail older adults reported worse HRQoL than those who were
not frail'>. Although the association between physical frailty and quality of life has been

confirmed, the underlying mechanism remains unclear.

The prevalence of physical disability is high among the frail older adults'® '*.Some studies

showed physical frailty was closely related to disability'® 1°,and might be the precursor and cause
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of disability!”.A national longitudinal study of 7,439 people over age 65 in US showed that
frailty was a strong predictor of disability'8.A prospective two-year cohort study in Japan also
showed that frailty and prophase of frailty increased the risk of disability!?. These findings
suggest that physical frailty is associated with disability in older adults. Studies have also
demonstrated that the quality of life worsened as the degree of disability increased, and the more
severe the disability, the worse the quality of life’’. Compared with non-disabled older adults,
disabled older adults are more prone to fall, depression, anxiety, etc., and their HRQoL was
significantly reduced. Therefore, we speculate that frailty may have an indirect effect on
individual’s HRQoL through the mediating effect of physical disability.

Physical frailty is considered to be reversible and preventable?!.Physical activity(PA) is a
key factor of reverse and prevent frailty in older adults??.Studies have found that physical
activity moderated the relationship between chronic illness and functional limitations, and
moderated functional disability and body function?? ?4.PA can alleviate the decline of physical
function in older adults and has a beneficial effect on functional limitations, physical frailty,
disability and quality of life in older adults?>?”.Studies indicated the positive effect of physical
activity on reducing adverse events caused by frailty in older people. Performing a physical
activity of moderate to vigorous intensity would improve physical frailty and prevent the
occurrence of disability when compared to the performance of a physical activity of low intensity,
ultimately promote older adults' quality of life?3-3°. Therefore, PA may moderate the direct and

indirect relationship between physical frailty and HRQoL through physical disability as a
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mediator.

In the present study, we used a cross-sectional study to the relationship between physical
frailty and HRQoL, focusing on the mediating role of physical disability and the moderating role
of PA in the relationship between physical frailty and HRQoL. The conceptual framework of the

moderated mediation model was shown in Fig. 1.

2. Methods

2.1.1 Design and sample

This study was conducted from May to June, 2019 in Shandong province, China. A multistage
stratified cluster sampling method was used to select participants, which was described in detail
in a paper we have previously published’!. Three rural counties (Qufu, Laoling and Rushan) were
selected according to the GDP per capita (2018) in Shandong. Within each selected county, five
townships were randomly selected. Then, four villages were selected from each selected
townships and the elderly aged over 60 years old who were randomly selected from sample
villages .All participants completed the questionnaire independently. The survey was completed
in about an hour, and the investigators checked the questionnaires when the participants returned
them. A total of 3,600 respondents were recruited from 60 villages and 15 townships in 3 rural
counties in Shandong province, of whom 3,243 completed the entire survey, with a response rate

of 90.05%.

2.2. Variables and measurement
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2.2.1Independent variable

Physical frailty was measured by Frailty Phenotype??.The scale is a widely used frailty screening
scale with good reliability and validity?3 3*. Frailty was defined based on the following five
aspects: weight loss, exhaustion, low physical activity level, slowness, weakness. (DWeight
loss: In the past 1 year, participants’ body mass index (BMI) decreased by >5.0% (except for
personal deliberate weight loss). @Exhaustion: Using the Center for Epidemiological Studies-
Depression(CES-D)*: “How often in the last week did you feel this way?” (1) I could not get
going and (2) I felt everything I did was an effort. Either of the above two questions that
participants answered 3~4 days and most of the time, was considered exhaustion.(®Low physical
activity level: According the International Physical Activity Questionnaire-short Form
(TIPAQ-SF)3¢37, we used standard algorithms to calculate the Kcals consumed per week. The
criterion is adjusted according to gender. Male: <383 Kcals/ week is a decrease in physical
activity, while female: <270 Kcals/ week is a decrease in physical activity.@Slowness: Slowness
was assessed via walking speed at 15 ft measured for 3 times, and we record the minimum
value.The criterion is adjusted according to gender and height. Men: height<173 cm and time>7
seconds; height >173 cm and time>6 seconds. Women: height<159 cm and time>7

seconds ;height >159 cm and time>6 seconds. (®Weakness: Weakness was assessed by grip
strength using a handgrip dynamometer was measured for 3 times, and we record the maximum
value, adjusted for gender and BMI. Men: BMI<24 and grip strength<29;BMI 24.1-26and grip

strength<30;BMI 26.1-28 and grip strength <30;BMI > 28 and grip strength<32.Women:BMI<
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23 and grip strength<17;BMI 23.1-26 and grip strength<17.3;BMI 26.1-29 and grip strength<
18;BMI>29 and grip strength<21.

2.2.2Dependent variables

HRQoL was measured by the health utility value of EQ-5D-5L3.The EQ-5D-5L consists of the
EQ-5D-5L descriptive system and the EQ visual analogue scale (EQ-VAS). The EQ-5D-5L
descriptive system has five elements (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) and each element includes five level (no problems, some problems, moderate
problems, severe problems and extreme problems). The latest EQ-5D-5Lhealth utility scores
method refers to Chinese integral conversion table®. The range of utility value is [-0.391, 1.000].
A higher score indicates better health condition of the respondents. The Cronbach’s coefficient
was 0.761 in this study.

2.2.3Mediator

Physical disability was evaluated by the Activity of Daily Living Scale (ADLS), which was
developed by Lawton and Brody in 1969 to measure the disability of older adults3®4°. The Scale
consists of 14 items, including Physical Self-Maintenance Scale (PSMS) and Instrumental
Activities of Daily Living (IADL). The total score is 14-56, with higher scores indicating
increased physical disability. A score of 14 and lower indicates completely normal physical
ability, a score between 15 and 22 is defined as mild disability, and a score of 23 and higher is
defined as severe disability. ADLS is recommended by WHO and has been widely used in older

adults in China, with good reliability and validity*'.Cronbach’s alpha was 0.764 in this study.
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2.2.4Moderator
PA was assessed using the IPAQ-SF3¢37. The questionnaire contains 7 questions, 6 of which were
about physical activity. The IPAQ-SF investigates the PA of the individuals in the last 7 days.

The questionnaire involved three types of intensity activities, including vigorousphysical

activity (VPA =8.0 metabolic equivalent [METs]), moderate physical activity (MPA =4.0 ME

Ts), and low physical activity (LPA =3.3 METs).PA of each person engaged in a certain
intensity per week is the METs value corresponding to that physical activity X weekly frequency
x daily time, and the sum of three PA is the total PA (met-h /week). The greater the overall

physical activity value, the higher the physical activity.

2.3 Data analysis

To analyze the data, categorical variables were expressed using frequency and percentages (%)
and continuous data were described using mean (standard deviation). Pearson correlation
coefficient was used to analyze the correlation among physical frailty, physical disability, and
HRQoL. All these analyses were performed using IBM SPSS 24.0 (IBM Corp., Armonk, NY,
USA). All regression coefficients were tested by the bias-corrected percentile Bootstrap method.
The theoretical model was tested by estimating the 95% confidence interval (CI) for mediation
and moderating effects with 5000 sampled with repetition. If the 95% CI did not include 0, it
meant that the statistics was significant. To illuminate the moderating effect, the moderated

variable (PA) is divided into two levels of high and low according to one standard deviation

10
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above and below the mean(M+1SD/M-1SD)*>44. The Split-Plot analysis method was used to
further examine the direction of the moderation effect, and draw a diagram explaining the
moderation effect*>. The mediation model and moderated mediation model were tested with the
PROCESS V3.3 macro for SPSS#.In the current study, we selected Model 4 and Model 59 to
analyze the mediating effect and moderated mediation effect. In addition, through t test and
ANOVA analysis, we found that HRQoL is related to age and education. Previous studies have
also found HRQoL was associated with age and education*’ 4. We controlled age and education

in this study. Sampling weights were used in all of the analyses to adjust for the survey design.

2.4 Patient and public involvement statement
This research was done without patient involvement. No patients were involved in developing
the hypothesis and plans for design of this study either. The results would not be disseminated to

study participants or any other individuals or communities.

2.5Ethical considerations

The study was approved by the Ethics Committee of School of Public Health in Shandong
University, P. R. China. The participants have been informed of the purpose and procedures of
the study before the investigation. Before the study began, participants had signed written

informed consent indicating that they were fully aware of the study procedures.

3. Results
11
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3.1 Common method biases

We used Harman single factor test to conduct a common method biases test*”.The results show
that there are 12 factors with eigenvalues greater than 1, and the variance explained by the first
factor is 17.92%, which is less than 40% of the critical standard, indicating that there are no
serious common method biases in this study.

3.2 Socio-demographic characteristics of the participants

There were 3,243 participants, comprising 2,060 (63.5%) women and 1,182 (36.5%) men. The
average age was 69.88 (SD=6.10) years, ranging from 60 to 97 years. Of the participants, 25.5%
were single. About 72.4% had chronic disease. The majority (81.9%) were empty nest elderly.
3.3 Bivariate correlations of main variables

The mean, standard deviation/ Median (Quartile;, Quartiles;) and correlation coefficient of each
variable were shown in Table 1. Physical frailty was positively correlated with physical disability
(p=0.283, P<0.01), physical frailty was negatively correlated with HRQoL ( p =-0.429, P<
0.01) and PA (p=-0.378, P<0.01). Physical disability was negatively correlated with HRQoL
(p=-0.378, P<0.01) and PA (p=-0.194, P<0.01). PA was positively correlated with HRQoL
(p=0.258, p <0.01).

3.4Mediation effect analysis

Model 4 in the SPSS macro compiled by Hayes 20134¢ was used to test the mediating effect of
physical disability in the relationship between physical frailty and HRQoL under the control

variable of age, education. As shown in Table 2 and Table 3, physical frailty had a significant

12
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predictive effect on quality of life (f# =-0.423, t = -26.031, P<0.001), and the direct predictive
effect of frailty on quality of life was still significant when the mediating variable physical
disability was added. Meanwhile, physical frailty had a significant positive predictive effect on
physical disability (f = 0.295, t = 17.729, P< 0.001). Physical disability also has a significant
negative predictive effect on HRQoL (8 =-0.482, t = -32.407, P<0.001). In addition, the upper
and lower limits of the Bootstrap 95% CI for the direct effect of physical frailty on HRQoL and
the mediating effect of physical disability on physical frailty and HRQoL did not include O(Table
3), indicating that the mediating effect was significant. The mediating effect value was-0.143 and
the 95% CI was [-0.175, -0.113], which accounted for 33.71% of the total effect. This shows that
disability plays a partial mediating role in the relationship between physical frailty and HRQoL.
3.5 Moderated mediation effect analysis

PROCESS macro method (Model 59)compiled by Hayes (2013)# was used to test the
moderated mediation model while controlling for age and education(Table 4 and Table 5).After
PA was put into the model, the interaction term between physical frailty and PA significantly
predicted physical disability (f =-0.120, t = -7.058, P< 0.001) (Table4, Model 1), and the
interaction term between physical disability and PA also had a significant predictive effect on
HRQoL (f=0.115, t=6.104, P< 0.001)But, the interaction term between physical frailty and PA
had no effect on HRQoL(Table4, Model 2).These results suggest PA played a moderating role in
the relationships between physical frailty and physical disability and between physical disability

and HRQoL. However, PA did not significant moderate the relationships between physical

13
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frailty and HRQoL. Simple slope analyses indicated that the significant interaction at 1 SD
below the mean(M-1SD) and 1 SD above the mean(M+1SD) of physical activity (See Fig. 2 and
Fig. 3).Physical frailty had a significant predictive effect on the disability of individuals with
high-level(M+1SD) or low-level(M-1SD) PA, but the predictive effect of physical frailty on
physical disability was stronger for individuals with low-level PA(bgjmpie = 0.370, £ = 16.979, P<
0.001) than for individuals with high-level PA,as shown in Fig. 2 (bgimpie = 0.120, t = 4.322, P<
0.001).Fig. 3 showed that for high levels of PA individuals, the effect of physical disability and
HRQoL was significant (bsimpie= -0.304, £ = -9.149, P< 0.001). However, for low-level of PA
individuals, the effect of physical disability and HRQoL was still significant but considerably
stronger (bgimple = -0.543, ¢ = -28.654, P< 0.001).In addition, as the level of physical activity
increased, the mediating effect of physical disability on the relationship between physical frailty
and HRQoL declined (Table 5).

4. Discussion

In this study, a moderated mediation model was established with the mediation role of physical
disability on the relationship between physical frailty and HRQoL, as well as the role of PA as a
moderator in this indirect path between physical frailty and HRQoL. These findings
preliminarily elucidate the potential causes of physical frailty on HRQoL and facilitate the
development of targeted interventions for individuals so as to improve HRQoL in rural older
adults.

Consistent with previous studies®?>!, we find that physical frailty negatively affect HRQoL
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of older adults. This suggests that as the degree of physical frailty increases, the quality of life in
older adults becomes worse. Although many studies have established a direct relationship
between frailty and HRQoL, few have explored the underlying mechanisms of this relationship.
Our study demonstrates that the physical disability mediates the physical frailty and HRQoL,
with the mediating rate of 33.71%. A study also suggested that physical disability was one of the
potential factors underlying the association between frailty and HRQoL, which was similar with
our study2.

The current study indicates that physical frailty is associated with disability, which is
consistent with a study by Kojuma G?3.Frail older adults are very vulnerable to adverse health
effects.A study indicated the risk of disability in the frail older adults was 12- to 13-fold
increased than that in the non-frail older adults®*.Meanwhile, this study also demonstrates that
the negative predictive effect of disability on individual HRQoL, which was consistent with
previous studies> 6. The possible explanation is that disabled older adults’ poor self-care ability
deteriorates their health, such as their normal physiological activities are restricted, physiological
function is declined, social interaction is reduced, which adversely affect their physical and
mental health and ultimately reduce HRQoL.. One study found that disability was the most
important health problem for older adults, which seriously affected their quality of life in old
adults’ later years®’.The disability was the most important factor that contributed to decreasing
quality of life in older adults. Physical disability has been shown to be associated with increased

chronic diseases, and premature mortality® > all of which could adversely affect the quality of
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life of older adults®®. Therefore, physical frailty may reduce HRQoL of rural older adults by
increasing their disability.

In the present study, we also find that PA plays a moderating role in the indirect effect
between physical frailty and HRQoL. A larger indirect effect is observed among rural older
adults with low-level of PA than among those with average or high-level of PA. Specifically, PA
moderates the relationship between physical frailty and physical disability, and between physical
disability and HRQoL. For older adults with low-level PA, the impact of physical frailty on
physical disability is stronger than older adults with high-level PA. This finding indicates that
PA moderates the relation between physical frailty and physical disability. We speculate that
older adults with low-level PA may have a decline in their physiological system reserves, leading
to a deterioration of their functional status and ultimately increasing the possibility of physical
frailty and disability®!.A systematic review showed that older adults without exercise habits were
at greater risk of developing frailty. Taichi, resistance sports and other physical activities might
effectively improve the health of older adults, reduce the symptoms of physical weakness, and
prevent the occurrence of physical disability$>.Compared with older adults with high-level
PA older adults with low-level PA are more vulnerable to the negative effects of physical frailty.
As a result, physical frailty may cause more interference in older adults with low-level PA and
increase the risk of physical disability.

We also find that physical disability has a significant impact on quality of life at both high

and low-level of PA. Compared with older adults with high levels of PA, physical disability is
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more likely to adversely affect HRQoL of older adults with low-level PA. A study showed that
low-level PA was a major contributing factor for older adults disability®’.As the level of
disability increases, the individuals with low-level of PA experience a more serious functional
decline and become more worried about the health status, thus further negatively affect the
HRQoL®%. In addition, physical disability has a greater effect on individuals with low-level PA
than high-level PA, which indicates that PA plays a moderating role between physical disability
and HRQoL. One study found that PA could improve the physical function and daily life
activities of disabled older adults, and ultimately improved the life of older adults

quality®®. Therefore, a low-level of PA might be associated with poor quality of life in rural older
adults with high disability.

However, physical activity does not moderate the direct relationship between physical
frailty and HRQoL. Physical frailty may lead to a decline in physical function, muscle strength
and physical activity in older adults, which may increases the risk of adverse health outcomes
and ultimately affects HRQoL of older adults. Currently, there are few studies on the
moderating role of physical activity between physical frailty and HRQoL. Further research is
needed to explore the underlying reasons for such findings.

Based on our findings, we recommended that community health managers should
focus on ensuring the medical assistance, life care of older adults with physical frailty or physical
disability. Besides, rural communities should establish some public facilities or organize some

public activities to encourage older adults to participate in sports activities, and ultimately
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improve health and promote their HRQoL.There are several limitations in this study. First, our
study was based on a cross-sectional study, which could not provide strong evidence of causation.
Future research could adopt a longitudinal design or experiments to explore the causal
relationship between physical frailty and HRQoL. Secondly, the data in this study comes from
the participants’ self-report information, which might result in recall bias. Thirdly, this study

only included age and education as control variables. The study may also be affected by other
confounding factors. In the future, we will include more confounding factors related to quality of
life to verify our findings. Fourthly,physical disability has a partly mediating effect on the
relationship between physical frailty and HRQoL, which indicates that there are other mediating
variables in this relationship. More potential mechanisms related to physical frailty and HRQoL

among older adults need to be explored in the future.

Conclusion

This study shows that physical frailty is related to HRQoL, and physical disability mediates the
relationship between physical frailty and HRQoL, and PA moderates the mediating relationship.
A greater effect is observed among rural older adults with low-level of PA than that among those
with high-level of PA. This will help to elucidate the underlying mechanism of the relationship
between physical frailty and HRQoL and form an effective way to improve the HRQoL of older

adults in rural areas.
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Table 1 Spearman correlations coefficients of main variables among the participants in Shandong, China,

2019(N=3243)

Variable M= SD/M(P;5,P75) 1 2 3 4
1.Physical frailty 1.511£1.071 1

2.Physical disability 16.994+4.36 0.283* 1

3.Physical activity 2772(693,4158) -0.378™ -0.194™ 1

4 HRQoL 0.896+0.161 -0.429™ -0.378™ 0.258*" 1

M £ SD: mean *standard deviation ;M (P25,P75): Median(Quartile;,Quartiles)

1,2,4 follow normal distribution and are described as M= SD.

3 does not follow normal distribution and is described as M (P,s, P7s).

*P<0.001

Table 2 Testing the mediation effect of physical disability between physical frailty and HRQoL among the

participants in Shandong, China, 2019

Predictors Modell(HRQoL) Model2(Physical disability ) Model3(HQRoL)
B t B t B t

Age -0.018 -0.731 0.166 6.349™" 0.061 2.758"
Education 0.010 0.162 -0.182 -8.326™" -0.084 -4.507"
Physical frailty -0.423 -26.031"* 0.295 17.729"* -0.280 -18.957*
Physical disability -0.482 -32.407""
R? 0.181 0.141 0.381
F 238.859"" 176.932** 499.748"*"

*P<0.01,"P<0.001
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Table 3 Total effect, direct effect and mediation effect

Effect size BootSE BootCI Relative effect
value
Low High
Total effect -0.423 0.020 -0.461 -0.382
Direct effect -0.280 0.017 -0.313 -0.247 66.29%
Indirect effect -0.143 0.016 -0.175 -0.113 33.71%

BootSE bootstrap standard error, BootCI bootstrap confidence interval
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Table 4Testing the moderated mediation effect of physical frailty on HRQoL among the participants in

Shandong, China, 2019
Predictors Model 1(Physical disability) Model 2(HRQoL)
B t B t
Age 0.154 5.956"" 0.062 2.763™
Education -0.181 -8.393* -0.072 -3.830™
Physical frailty 0.246 13.965"*" -0.258 -16.687""
Physical activity -0.104 -5.555™" 0.091 4.675™
Physical frailty X PA -0.120 -7.058* 0.011 0.682
Physical disability -0.422 -24.375™
Physical disability X PA 0.115 6.104""
R? 0.159 0.390
F 122.004*" 295.850""
* P<0.01,"*P<0.001

Table 5 Mediating effect values at different levels of physical activity among the participants in Shandong,

China, 2019
Physical activity Effect BootSE BootLLCI BootULCI
M-1SD(low level) -0.201 0.023 -0.250 -0.160
M -0.104 0.013 -0.131 -0.080
M+1SD(high level) -0.036 0.012 -0.062 -0.017

M mean, 1SD one standard deviation,BootSE bootstrap standard error,BootLLCI bootstrap lower limit
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confidence interval, BootULCI bootstrap upper limit confidence interval.

Fig. 1 The conceptual framework of the moderated mediation model

Fig. 2Simple slope analysis shows that physical frailty moderated the relationship between physical frailty and

physical disability

Fig.3 Simple slope analysis shows that physical activity moderated the relationship between physical disability and

HRQoL
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2: Strategy

46 (e) Describe any sensitivity analyses P9
2; Results

49 Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers
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gg (b) Give reasons for non-participation at each stage

54 (¢) Consider use of a flow diagram
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59 interest

60 Outcome data 15*  Report numbers of outcome events or summary measures P10-

For peer review only - http://bmjopen1bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Page 36 of 35

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted P12
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which confounders were adjusted for and why they were included
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categorized
(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions,
and sensitivity analyses
Discussion
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relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results P15
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Funding 22 Give the source of funding and the role of the funders for the present P17
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Abstract

Objectives: The purpose of this study is to explore the mediating effect of physical disability, as
well as the role of physical activity (PA) as a moderator in the relationship between physical
frailty and health-related quality of life (HRQoL) among rural older adults in China.

Design: Cross-sectional analysis.

Setting:Rural households in Shandong of China (Rushan, Qufu, Laolin).

Participants and methods: A survey was conducted among 3,243 rural older adults. The data
were collected using questionnaires measuring physical frailty, physical disability, HRQoL and
PA. Bootstrap analyses were employed to explore the mediating effect of physical disability and
also the moderating role of PA on physical frailty and HRQoL.

Results: After controlling for age and education, physical disability partially mediated the effect
of physical frailty on HRQoL [indirect effect = -0.143, 95% confidence intervals (CI) = -0.175,
-0.113], with the mediating effect accounting for 33.71% of the total effect. PA moderated the
relationship between physical frailty and physical disability, as well as the relationship between
physical disability and HRQoL.Specifically, the interaction term between physical frailty and PA
significantly predicted physical disability (f = -0.120,  =-7.058, P<0.001), and the interaction
term between physical disability and PA also had a significant predictive effect on HRQoL (f =

0.115, 1=6.104, P<0.001).
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Conclusions:PA appears to moderate the indirect effect of physical disability on the association
between physical frailty and HRQoL. This study provides support for potential mechanisms in
the association between physical frailty and HRQoL.Encouraging rural older adults to increase
PA appropriately might improve HRQoL for older adults with physical frailty and physical

disability problems.

Key words: HRQoL; Physical activity; Physical frailty; Physical disability; Rural older

adults;Moderated mediation analysis
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Strengths and limitations of this study

1. This is the first study to investigate the moderating and mediating factors of the relationship
between physical frailty and HRQoL among older adults in rural China.

2. Moderated mediation model was used to explore the potential effect of physical disability
and physical activity.

3. Cross-sectional data could not provide strong evidence of causation and may result in biased
estimates of mediation effects.

4. Only two control variables were included in this study, and more confounding factors will be
included to verify our results in the future.

5. More potential mechanisms related to physical frailty and HRQoL among older adults need

to be explored by using longitudinal data in the future.
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1. Introduction

Population aging has become a global social problem. As one of the world's most aging countries,
China had 249 million people aged over 60 years in 2018, accounting for 17.9 percent of the

total population'.It is predicted that by 2050, older adults over 60 will account for more than
35.1% of the total population?.With the increasing aging population and the extension of life
expectancy, improving health-related quality of life (HRQoL) of older adults is an important
public health issue. HRQoL is a predictive factor of mortality in older adults’.Compared with

urban older adults, the HRQoL of rural older adults is worse*3,which needs more attention.

Physical frailty is a medical syndrome caused by a variety of etiologies and causes, which is
characterized by a decline in physical strength, endurance, and decreased physiological function®.
With the increase of age, the risk of physical frailty increases’.Frailty may lead to negative health
consequences, including falls, reduced activity, reduced independence, frequent hospitalization,
and disability®. These adverse outcomes resulted in a decline in the quality of life of older adults.
Previous cross-sectional and longitudinal studies have shown that frailty was negatively
associated with HRQoL?!!, and frail older adults reported worse HRQoL than those who were
not frail'>. Although the association between physical frailty and quality of life has been

confirmed, the underlying mechanism remains unclear.

The prevalence of physical disability is high among frail older adults'® '*.Some studies

showed physical frailty was closely related to disability!® 1°,and might be the precursor and cause
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of disability!”.A national longitudinal study of 7,439 people over 65 in the US showed that frailty
was a strong predictor of disability!8.A prospective two-year cohort study in Japan also showed
that frailty and prophase of frailty increased the risk of disability'?. These findings suggest that
physical frailty is associated with disability in older adults. Studies have also demonstrated that
the quality of life worsened as the degree of disability increased,and the more severe the
disability, the worse the quality of life’’. Compared with non-disabled older adults, disabled
older adults are more prone to falls, depression, anxiety, etc., and their HRQoL was significantly
reduced. Therefore, we speculate that frailty may have an indirect effect on individual’s HRQoL
through the mediating effect of physical disability.

Physical frailty is considered to be reversible and preventable?!.Physical activity(PA) is a
key factor of reverse and prevent frailty in older adults??.Studies have found that physical
activity moderated the relationship between chronic illness and functional limitations, and
moderated functional disability and body function?? ?4.PA can alleviate the decline of physical
function in older adults and has a beneficial effect on functional limitations, physical frailty,
disability and quality of life in older adults?>?”.Studies indicated the positive effect of physical
activity on reducing adverse events caused by frailty in older people. Performing a physical
activity of moderate to vigorous intensity would improve physical frailty and prevent the
occurrence of disability when compared to the performance of a physical activity of low intensity,
ultimately promote older adults' quality of life?3-3°. Therefore, PA may moderate the direct and

indirect relationship between physical frailty and HRQoL through physical disability as a
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mediator.

In the present study,we used a cross-sectional study to examine the relationship between
physical frailty and HRQoL, focusing on the mediating role of physical disability and the
moderating role of PA in the relationship between physical frailty and HRQoL. The conceptual

framework of the moderated mediation model was shown in Fig. 1.

2. Methods

2.1.1 Design and sample

This study was conducted from May to June, 2019 in Shandong province, China. A multistage
stratified cluster sampling method was used to select participants, which was described in detail
in a paper we have previously published’!. Three rural counties (Qufu, Laoling and Rushan) were
selected according to the GDP per capita (2018) in Shandong. Within each selected county, five
townships were randomly selected. Then, four villages were selected from each selected
townships and the elderly aged 60 years old and above who were randomly selected from sample
villages.All participants completed the questionnaire independently.A total of 3,600 respondents
were recruited from 60 villages and 15 townships in 3 rural counties in Shandong province, of
whom 3,243 completed the entire survey, with a response rate of 90.05%.

2.2. Variables and measurement

2.2.1 Independent variable

Physical frailty was measured by Frailty Phenotype??.The scale is a widely used frailty screening

7
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scale with good reliability and validity?3 3*. Frailty was defined based on the following five
aspects: weight loss, exhaustion, low physical activity level, slowness, weakness.(1)Weight loss:
In the past 1 year, participants’ body mass index (BMI) decreased by >5.0% (except for personal
deliberate weight loss). (2)Exhaustion: Using the Center for Epidemiological Studies-
Depression(CES-D)3%: “How often in the last week did you feel this way?” (1) I could not get
going and (2) I felt everything I did was an effort. Either of the above two questions that
participants answered 3~4 days and most of the time, was considered exhaustion.(3)Low
physical activity level: According the International Physical Activity Questionnaire-short Form
(TPAQ-SF)3¢ 37 we used standard algorithms to calculate the Kcals consumed per week. The
criterion is adjusted according to gender. Male: <383 Kcals/ week is a decrease in physical
activity, while female: <270 Kcals/ week is a decrease in physical activity.(4)Slowness:
Slowness was assessed via walking speed at 15 ft measured for 3 times, and we record the
minimum value.The criterion is adjusted according to gender and height. Men: height<173 cm
and time>7 seconds; height >173 cm and time>6 seconds. Women: height<159 cm and time>7
seconds ;height >159 cm and time>6 seconds. (5)Weakness: Weakness was assessed by grip
strength using a handgrip dynamometer was measured for 3 times, and we record the maximum
value, adjusted for gender and BMI. Men: BMI<24 and grip strength<29;BMI 24.1-26and grip
strength<30;BMI 26.1-28 and grip strength <30;BMI > 28 and grip strength<32.Women:
BMI<23 and grip strength<17;BMI 23.1-26 and grip strength<17.3;BMI 26.1-29 and grip

strength<18;BMI>29 and grip strength<21.
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2.2.2 Dependent variables

HRQoL was measured by the health utility value of EQ-5D-5L3.The EQ-5D-5L consists of the
EQ-5D-5L descriptive system and the EQ visual analogue scale (EQ-VAS). The EQ-5D-5L
descriptive system has five elements (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) and each element includes five levels (no problems, some problems,
moderate problems, severe problems and extreme problems). The latest EQ-5D-5Lhealth utility
scores method refers to Chinese integral conversion table*®. The range of utility value is [-0.391,
1.000]. A higher score indicates better health condition of the respondents.Cronbach’s alpha was
0.761 in this study.

2.2.3 Mediator

Physical disability was evaluated by the Activity of Daily Living Scale (ADLS), which was
developed by Lawton and Brody in 1969 to measure the disability of older adults3?4°. The Scale
consists of 14 items, including Physical Self-Maintenance Scale (PSMS) and Instrumental
Activities of Daily Living (IADL). The total score is 14-56, with higher scores indicating
increased physical disability. A score of 14 and lower indicates completely normal physical
ability, a score between 15 and 22 is defined as mild disability, and a score of 23 and higher is
defined as severe disability. ADLS is recommended by WHO and has been widely used in older
adults in China, with good reliability and validity*'.Cronbach’s alpha was 0.764 in this study.
2.2.4 Moderator

PA was assessed using the IPAQ-SF3¢37. The questionnaire contains 7 questions, 6 of which were

9
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about physical activity. The IPAQ-SF investigates the PA of the individuals in the last 7 days.

The questionnaire involved three types of intensity activities, including vigorous physical

activity (VPA =8.0 metabolic equivalent [METs]), moderate physical activity (MPA =4.0 ME

Ts), and low physical activity (LPA =3.3 METs).PA of each person engaged in a certain
intensity per week is the METs value corresponding to that physical activity X weekly frequency
x daily time, and the sum of three PA is the total PA (met-h /week). The greater the overall

physical activity value, the higher the physical activity.

2.3 Data analysis

To analyze the data, categorical variables were expressed using frequency and percentages (%)
and continuous data were described using mean (standard deviation). Spearman correlations
coefficient was used to analyze the correlation among physical frailty, physical disability, and
HRQoL. All these analyses were performed using IBM SPSS 24.0 (IBM Corp., Armonk, NY,
USA). All regression coefficients were tested by the bias-corrected percentile Bootstrap method.
The theoretical model was tested by estimating the 95% confidence interval (CI) for mediation
and moderating effects with 5,000 sampled with repetition. If the 95% CI did not include 0, it
meant that the statistics was significant. To illuminate the moderating effect, the moderated
variable (PA) is divided into two levels of high and low according to one standard deviation
above and below the mean(M+1SD/M-1SD)*>44 The Split-Plot analysis method was used to

further examine the direction of the moderation effect, and draw a diagram to explain the
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moderation effect*>. The mediation model and moderated mediation model were tested with the
PROCESS V3.3 macro for SPSS#.In the current study, we selected Model 4 and Model 59 to
analyze the mediating effect and moderated mediation effect. In addition,through t test and
ANOVA analysis, we found that HRQoL was related to age and education. Previous studies have
also found HRQoL was associated with age and education*’ 4. We controlled age and education

in this study.Sampling weights were used in all of the analyses to adjust for the survey design.

2.4 Patient and public involvement statement
This research was done without patient involvement. No patients were involved in developing
the hypothesis and plans for design of this study either. The results would not be disseminated to

study participants or any other individuals or communities.

2.5 Ethical considerations

The study was approved by the Ethics Committee of School of Public Health in Shandong
University, P. R. China. The participants have been informed of the purpose and procedures of
the study before the investigation. Before the study began, participants had signed written

informed consent indicating that they were fully aware of the study procedures.

3. Results
3.1 Common method biases

We used Harman single factor test to conduct a common method biases test*. The results show
11
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that there are 12 factors with eigenvalues greater than 1, and the variance explained by the first
factor is 17.92%, which is less than 40% of the critical standard, indicating that there are no
serious common method biases in this study.

3.2 Socio-demographic characteristics of the participants

There were 3,243 participants, comprising 2,060 (63.5%) women and 1,182 (36.5%) men. The

average age was 69.88 (SD=6.10) years, ranging from 60 to 97 years. Of the participants, 25.5%

were single. About 72.4% had chronic disease. The majority (81.9%) were empty nest elderly.
3.3 Bivariate correlations of main variables

The mean, standard deviation/ Median (Quartile;, Quartiles;) and correlation coefficient of each

variable were shown in Table 1. Physical frailty was positively correlated with physical disability

(,=0.283, P<0.01), physical frailty was negatively correlated with HRQoL ( p=-0.429, P<
0.01) and PA (p=-0.378, P<0.01). Physical disability was negatively correlated with HRQoL
(p=-0.378, P<0.01) and PA ( p=-0.194, P<0.01). PA was positively correlated with HRQoL
(p=0.258, P<0.01).

3.4Mediation effect analysis

Model 4 in the SPSS macro compiled by Hayes 20134¢ was used to test the mediating effect of
physical disability in the relationship between physical frailty and HRQoL under the control
variable of age, education. As shown in Table 2 and Table 3, physical frailty had a significant
predictive effect on quality of life (f# =-0.423, t = -26.031, P<0.001), and the direct predictive

effect of frailty on quality of life was still significant when the mediating variable physical

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

12



oNOYTULT D WN =

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

BMJ Open Page 14 of 35

disability was added. Meanwhile, physical frailty had a significant positive predictive effect on
physical disability (f = 0.295, t = 17.729, P < 0.001). Physical disability also had a significant
negative predictive effect on HRQoL (8 =-0.482, t = -32.407, P<0.001). In addition, the upper
and lower limits of the Bootstrap 95% CI for the direct effect of physical frailty on HRQoL and
the mediating effect of physical disability on physical frailty and HRQoL did not include O(Table
3), indicating that the mediating effect was significant. The mediating effect value was-0.143 and
the 95% CI was [-0.175, -0.113], which accounted for 33.71% of the total effect. This showed
that disability played a partial mediating role in the relationship between physical frailty and
HRQoL.
3.5 Moderated mediation effect analysis

PROCESS macro method (Model 59)compiled by Hayes (2013)# was used to test the
moderated mediation model while controlling for age and education(Table 4 and Table 5).After
PA was put into the model, the interaction term between physical frailty and PA significantly
predicted physical disability (5 =-0.120,  =-7.058, P<0.001) (Table4, Model 1), and the
interaction term between physical disability and PA also had a significant predictive effect on
HRQoL (f=0.115, t=6.104, P<0.001). But the interaction term between physical frailty and
PA had no effect on HRQoL(Table4, Model 2).These results suggested PA played a moderating
role in the relationships between physical frailty and physical disability and between physical
disability and HRQoL.However, PA did not significantly moderate the relationships between

physical frailty and HRQoL. Simple slope analyses indicated that the significant interaction at 1
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SD belowthe mean(M-1SD) and 1 SD above the mean(M+1SD) of physical activity (See Fig. 2
andFig. 3).Physical frailty had a significant predictive effect on the disability of individuals with
high-level(M+1SD) or low-level(M-1SD) PA, but the predictive effect of physical frailty on
physical disability was stronger for individuals with low-level PA(bgjmpie = 0.370, £ = 16.979, P<
0.001) than for individuals with high-level PA,as shown in Fig. 2 (bgimpie = 0.120, t = 4.322, P<
0.001).Fig. 3 showed that for high levels of PA individuals, the effect of physical disability and
HRQoL was significant (bsimpie= -0.304, £ = -9.149, P< 0.001). However, for low-level of PA
individuals, the effect of physical disability and HRQoL was still significant but considerably
stronger (bgimple = -0.543, ¢ = -28.654, P< 0.001).In addition, as the level of physical activity
increased, the mediating effect of physical disability on the relationship between physical frailty
and HRQoL declined (Table 5).
4. Discussion
In this study, a moderated mediation model was established with the mediation role of physical
disability on the relationship between physical frailty and HRQoL, as well as the role of PA as a
moderator in this indirect path between physical frailty and HRQoL.These findings preliminarily
elucidate the potential causes of physical frailty on HRQoL and facilitate the development of
targeted interventions for individuals so as to improve HRQoL in rural older adults.

Consistent with previous studies®* 3!, we find that physical frailty has a negative association
with HRQoL.This suggests that as the degree of physical frailty increases, the quality of life in

older adults becomes worse. Although many studies have established a direct relationship
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between frailty and HRQoL, few have explored the underlying mechanisms of this relationship.
Our study suggests that physical disability mediates the association between physical frailty and
HRQoL, with the mediating rate of 33.71%. A study also suggested that physical disability was
one of the potential factors underlying the association between frailty and HRQoL, which was
similar with our study>2.

The current study indicates that physical frailty is associated with disability, which is
consistent with a study by Kojuma G>3.Frail older adults are very vulnerable to adverse health
effects.A study indicated the risk of disability in frail older adults was 12- to 13-fold increased
than that in non-frail older adults’*.Meanwhile, this study also demonstrates a negative predictive
effect of disability on individual HRQoL,which was consistent with previous studies> >¢. The
possible explanation is that disabled older adults’ poor self-care ability deteriorates their health,
then their normal physiological activities are restricted, physiological function is declined, and
social interaction is reduced, which adversely affect their physical and mental health and
ultimately reduce HRQoL. One study found that disability was the most important health
problem for older adults, which seriously affected their quality of life in old adults’ later
years>’. The disability was the most important factor that contributed to decreasing quality of life
in older adults.Physical disability has been proved to be associated with increased chronic
diseases, and premature mortality>® 3%all of which could adversely affect the quality of life of
older adults®®. Therefore, physical frailty may reduce HRQoL of rural older adults by increasing

their disability.
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In the present study, we also find that PA appears to play a moderating role in the indirect
effect between physical frailty and HRQoL. A larger indirect effect is observed among rural
older adults with low-level of PA than among those with average or high-level of PA.
Specifically, PA appears to moderate the relationship between physical frailty and physical
disability, and between physical disability and HRQoL.For older adults with low-level PA, the
impact of physical frailty on physical disability is stronger than older adults with high-level PA.
This finding indicates that PA appears to moderate the relationship between physical frailty and
physical disability. We speculate that older adults with low-level PA may have a decline in their
physiological system reserves, leading to a deterioration of their functional status and ultimately
increasing the possibility of physical frailty and disability®'.A systematic review showed that
older adults without exercise habits were at greater risk of developing frailty. Taichi, resistance
sports, and other physical activities might effectively improve the health of older adults, reduce
the symptoms of physical weakness, and prevent the occurrence of physical
disability®?.Compared with older adults with high-level PA, older adults with low-level PA are
more vulnerable to the negative effects of physical frailty. As a result, physical frailty may cause
more interference in older adults with low-level PA and increase the risk of physical disability.

We also find that physical disability has a significant impact on quality of life at both high
and low-level of PA. Compared with older adults with high levels of PA, physical disability is
more likely to adversely affect HRQoL of older adults with low-level PA.A study showed that

low-level PA was a major contributing factor for older adults’ disability®*.As the level of
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disability increases, the individuals with low-level of PA experience a more serious functional
decline and become more worried about the health status, thus further negatively affect the
HRQoL®%. In addition, physical disability has a greater effect on individuals with low-level PA
than high-level PA, which indicates that PA plays a moderating role between physical disability
and HRQoL.One study found that PA could improve the physical function and daily life
activities of disabled older adults, and ultimately improved the life of older adults

quality®®. Therefore, a low-level of PA might be associated with poor quality of life in rural older
adults with high disability.

However, physical activity does not appear to moderate the direct relationship between
physical frailty and HRQoL. Physical frailty may lead to a decline in physical function, muscle
strength and physical activity in older adults, which may increases the risk of adverse health
outcomes and ultimately affects HRQoL of older adults. Currently, there are few studies on the
moderating role of physical activity between physical frailty and HRQoL. Further research is
needed to explore the underlying reasons for such findings.

Based on our findings, we recommend that community health managers should focus on
ensuring the medical assistance, life care of older adults with physical frailty or physical
disability. Besides, rural communities should establish some public facilities or organize some
public activities to encourage older adults to participate in sports activities, and ultimately
improve health and promote their HRQoL.There are several limitations in this study. First, our

study was based on a cross-sectional study, which could not provide strong evidence of causation.
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In addition, using cross-sectional data to examine longitudinal mediation effects can lead to
biased estimates of mediation effects®. Future research could adopt a longitudinal design or
experiments to explore the causal relationship between physical frailty and HRQoL. Secondly,
the data in this study comes from the participants’ self-report information, which might result in
recall bias. Thirdly, this study only included age and education as control variables. The study
may also be affected by other confounding factors. In the future, we will include more
confounding factors related to quality of life to verify our findings. Fourthly,physical disability
has a partly mediating effect on the relationship between physical frailty and HRQoL, which
indicates that there are other mediating variables in this relationship. More potential mechanisms
related to the association between physical frailty and HRQoL among older adults need to be
explored in the future.

Conclusion

This study shows that physical frailty is related to HRQoL, and physical disability appears to
mediate the relationship between physical frailty and HRQoL, and PA appears to moderates the
mediating relationship. A greater effect is observed among rural older adults with low-level of
PA than that among those with high-level of PA. This provides support for elucidate the
underlying mechanism of the relationship between physical frailty and HRQoL and form an
effective way to improve the HRQoL ofolder adults in rural areas.
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Table 1 Spearmancorrelations coefficients of main variables among the participants in Shandong, China,

2019(N=3243)

Variable M =& SD/M(Pys,P75) 1 2 3 4
1.Physical frailty 1.51141.071 1

2.Physical disability ~ 16.994+4.36 0.283" 1

3.Physical activity 2772(693,4158) -0.378"" -0.194*" 1

4 HRQoL 0.896+0.161 -0.429" -0.378"" 0.258" 1

M= SD: mean = standard deviation ;M (P25,P75): Median(Quartile;,Quartiles)
1,2,4 follow normal distribution and are described as M= SD.
3 does not follow normaldistribution and isdescribedasM (P55, P7s).

"P<0.001

Table 2 Testing the mediation effect of physical disability between physical frailty and HRQoL among the
participants in Shandong, China, 2019

Predictors Modell(HRQoL) Model2(Physical disability ) Model3(HQRoL)
B t B t B t
Age -0.018 -0.731 0.166 6.349"* 0.061 2.758*
Education 0.010 0.162 -0.182 -8.326™" -0.084 -4.507"
Physical frailty -0.423 -26.031™ 0.295 17.729** -0.280 -18.957*
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Physical disability -0.482 -32.407*
R? 0.181 0.141 0.381
F 238.859"*" 176.932** 499.748"*"
"P<0.01,"P<0.001
Table 3 Total effect, direct effect and mediation effect
Effect size BootSE BootCI Relative effect
value
Low High
Total effect -0.423 0.020 -0.461 -0.382
Direct effect -0.280 0.017 -0.313 -0.247 66.29%
Indirecteffect -0.143 0.016 -0.175 -0.113 33.71%
BootSEbootstrap standard error, BootCI bootstrap confidence interval
28
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Table 4Testing the moderated mediation effect of physical frailty on HRQoLamong the participants in

Shandong, China, 2019

Predictors Model 1(Physical disability) Model 2(HRQoL)
B t B t
Age 0.154 5.956" 0.062 2.763™
Education -0.181 -8.393* -0.072 -3.830™"
Physical frailty 0.246 13.965"*" -0.258 -16.687"
Physical activity -0.104 -5.555"* 0.091 4.675
Physical frailty X PA -0.120 -7.058"" 0.011 0.682
Physical disability -0.422 -24.375™
Physical disability X PA 0.115 6.104""
R? 0.159 0.390
F 122.004"" 295.850""
** P<0.01,"*P<0.001

Table 5 Mediating effect values at different levels of physical activityamong the participants in Shandong,

China, 2019

Physical activity Effect

BootSE

BootLLCI BootULCI
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M-1SD(low level) -0.201 0.023 -0.250 -0.160
M -0.104 0.013 -0.131 -0.080
M+1SD(high level) -0.036 0.012 -0.062 -0.017

M mean, 1SD one standard deviation,BootSEbootstrap standard error,BootLLClIbootstrap lower limit

confidence interval, BootULClIbootstrap upper limit confidence interval.

Fig. 1 The conceptual framework of the moderated mediation model

Fig. 2Simple slope analysis shows that physical frailty moderated the relationship between physical frailty and

physical disability

Fig.3 Simple slope analysis shows that physical activity moderated the relationship between physical disability and

HRQoL
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2 STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

i Item Page
5 No Recommendation No
6 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or P2
7 the abstract

2 (b) Provide in the abstract an informative and balanced summary of what P2
10 was done and what was found

1 Introduction

:g Background/rationale 2 Explain the scientific background and rationale for the investigation being | P4-
14 reported P5
15 Objectives 3 State specific objectives, including any prespecified hypotheses P5-
16 P6
17

18 Methods

19 Study design 4 Present key elements of study design early in the paper P6
20 Setting 5 Describe the setting, locations, and relevant dates, including periods of P6
;; recruitment, exposure, follow-up, and data collection

23 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection P6
24 of participants

;2 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | P7
27 and effect modifiers. Give diagnostic criteria, if applicable

28 Data sources/ 8* For each variable of interest, give sources of data and details of methods P7
29 measurement of assessment (measurement). Describe comparability of assessment

2(1) methods if there is more than one group

32 Bias 9 Describe any efforts to address potential sources of bias P10
33 Study size 10 Explain how the study size was arrived at P6-
34 P9
22 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If P6-
37 applicable, describe which groupings were chosen and why P9
38 Statistical methods 12 (a) Describe all statistical methods, including those used to control for P9
ig confounding

41 (b) Describe any methods used to examine subgroups and interactions

42 (c) Explain how missing data were addressed

43 (d) If applicable, describe analytical methods taking account of sampling P9
2: Strategy

46 (e) Describe any sensitivity analyses P9
2; Results

49 Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers

50 potentially eligible, examined for eligibility, confirmed eligible, included

51 in the study, completing follow-up, and analysed

gg (b) Give reasons for non-participation at each stage

54 (¢) Consider use of a flow diagram

55 Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, P10
56 social) and information on exposures and potential confounders

g; (b) Indicate number of participants with missing data for each variable of

59 interest

60 Outcome data 15*  Report numbers of outcome events or summary measures P10-
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted P12
estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were
categorized
(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions,
and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives P12
Limitations 19 Discuss limitations of the study, taking into account sources of potential P15
bias or imprecision. Discuss both direction and magnitude of any potential
bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, P15
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results P15
Other information
Funding 22 Give the source of funding and the role of the funders for the present P17

study and, if applicable, for the original study on which the present article
is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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