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3. Timeline:  
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2024.  
 
4. Rationale:  
 
A few trials investigated whether physical activity, mostly through structured exercise programs, 
can reduce frailty score1–8 and incidence of frailty9–11. Though encouraging results were found in 
most trials, one challenge is that physical activity was a component of the frailty outcome 
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measure in some studies but these studies did not examine whether the effect was limited to that 
one component.3,11,12 Perhaps for this reason, some trials reported null findings.8,10 
Understanding whether and how physical activity alters the underlying pathophysiology of 
frailty will enhance our knowledge on physical activity as a strategy to prevent and treat frailty. 
Physical activity is believed to simultaneously upregulate many systems, such as metabolism, 
inflammation, and mitochondrial function.13,14 However, most studies of the molecular benefits 
of physical activity to date have mainly focused on individual systems rather than comprehensive 
panels of markers that may better determine whether physical activity affects multiple systems 
simultaneously.14 The studies also focused on structured exercise programs that target one or 
more physical fitness components (e.g., aerobic training for cardiorespiratory endurance, 
resistance training for muscle strength, and/or balance training).14,15 Physical activity in daily 
living usually consists of a mixture of these types of activities, performed in a less structured 
manner in terms of intensity, duration, and frequency. Therefore, physical activity performed in 
daily living may not elicit the same biological benefits as those structured programs, yet may be 
more acceptable to many older adults. Indeed, one trial randomized participants to receive an 
accelerometer and encouraged participants to increase their steps/day based on the feedback from 
the device. Though the frailty score decreased significantly post intervention, the score did not 
differ between the intervention and control groups.8 Therefore, much more remains to be learned 
about the effect of physical activity performed in daily living on frailty and its underlying 
biological mechanisms.  
 
Two recent studies examined the effects of physical activity in daily living on a large number of 
proteins.16,17 Ubaida-Mohien and colleagues found that 1019 proteins from a muscle biopsy were 
associated with higher self-reported moderate-to-vigorous physical activity (MVPA) among 58 
healthy adults aged 20-87 years. These proteins were involved in mitochondria biogenesis and 
function, immune response, proinflammatory response, DNA damage, and senescence.16 These 
proteins also differed between older and younger adults in the same sample,18 but their 
relationships with measures of muscle quality such as muscle mass and strength, and with frailty 
were not examined. Stattin and colleagues took a more targeted proteomic approach and found 
MVPA affected 75 out of 184 plasma proteins specifically related to cardiovascular health.17 
Although cardiovascular disease can increase the risk of frailty and vice versa, these two 
conditions are overlapping yet distinct from each other.19 Taken together, these two studies16,17 
only provide limited knowledge about PA-induced benefits on frailty.  
 
In a previous proposal (#3961), we proposed to examine the proteins measured in mid-life that 
may have a causal relationship with frailty in later life and therefore potential targets for early 
preventions of frailty. The objective of current proposal builds upon this ongoing effort to 
investigate whether exercise in daily living during mid-life can influence the expressions of these 
proteins. Specifically, we will estimate the effect of maintaining the CDC recommended 150 
minutes/week of MVPA on levels of proteins that may cause frailty among primarily middle-
aged adults by emulating a trial, where middle-aged adults are randomized to receive the 
intervention upon enrollment into the Atherosclerosis Risk in Community Study (ARIC). The 
per-protocol effect of long-term adherence to this intervention on the expressions of causal 
proteins identified in MP #3961 in mid-life (Visit 1 and 3) will be estimated by inverse 
probability weighting (IPW) method and g-formula via iterated conditional expectations (ICE)20.  
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5. Main Hypothesis/Study Questions: 
 
Aim: To examine the effect of long-term adherence to the CDC recommended level of MVPA in 
mid-life on frailty-associated proteins 
 
Hypothesis: Adhering to the recommended MVPA is causally associated with protective 
expressions of frailty-associated proteins 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Study design: An emulation of target trial using longitudinal observational data from the ARIC. 
Approximately 12,000 participants had self-reported MVPA at Visit 1 and 8,200 participants at 
Visit 3. Under the trial emulation framework, the protocols of the target trial are specified as if 
such a trial is feasible and ethical, and how observational data can mimic this trial is described. 
This framework allows critical evaluation of the observational studies.21 The table outlines the 
components of the target trial we will emulate using observational data from ARIC.  
 
Component Target Trial Emulation using observational 

data  
Eligibility criteria  Adults aged 45-65 years who are 

free of functional limitations that 
prevent them from engaging in 
physical activity. 

Same.  
 
Whether a participant can engage in 
physical activity was not directly 
measured in ARIC. We will 
approximate this using the 
functional statusa measured during 
annual follow-up since 1993 
(around Visit 3). However, this 
measurement was not available 
around Visit 1. It can be argued that 
functional limitation preventing 
physical activity is rare at Visit 1 
due to the relatively young age.  
 
Additional exclusion criteria 
specific to ARIC are participants 
who were neither Black nor white, 
and non-whites in Washington Co. 
and Minneapolis. Due to small 
number of participants of these 
races, we may not have sufficient 
overlap of other confounders in the 
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exchangeability assumption or 
there is not enough variability in 
physical activity. Therefore, the 
causal effect cannot be reliably 
estimated for these race groups. In 
a sensitivity analysis, we will 
include all races.  

Intervention strategy Intervention: achieving and 
maintaining the CDC 
recommended 150 minutes/week 
of MVPA.22 
Control: performing MVPA as 
the participants choose. Some 
individuals may have ≥150 
minutes/week of MVPA.   

The long-term adherence to the 
recommendation is approximated 
by two measurements of time spent 
in MVPA per week at Visits 1 and 
3 (See Measurement of MVPA for 
details). 

Treatment 
assignment 

At the enrollment into the study 
(Visit 1). 

Same. 

Follow-up Starts at enrollment and ends at 6 
years after enrollment, death, or 
loss to follow-up, whichever 
occurs first. 

Same, except enrollment is taken as 
the date of Visit 1 (1987-1989) and 
6-year follow-up is taken as Visit 3 
(1993-1995). The exact follow-up 
time is approximately 6 years but 
may vary among participants.  

Outcome Frailty-associated plasma protein 
levels at the end of 6-year 
follow-up. 

Same, except that the exact follow-
up time may vary around 6 years.  
 
Frailty-associated plasma proteins 
at Visit 3 will be identified from the 
results of Manuscript Proposal 
#3961. 

Causal contrast of 
interest 

Per-protocol effect, i.e., the 
effect of adhering to the assigned 
intervention/control during the 
6-years of follow-up.   

Same 

Statistical analysis Per-protocol effect estimated via 
comparison between the same 
two groups with adjustment for 
pre- and post-baseline prognostic 
factors associated with 
adherence to the intervention and 
loss to follow-up including 
death.  

Same, specifically g-formula via 
iterated conditional expectations 
(ICE) and marginal structural 
model (MSM) by inverse 
probability weighting (IPW) 
methods.  

Note. a Functional status was assessed based on 4 questions on the ability to do usual activities, 
walk up and down stairs without help, do heavy housework, and walk half a mile without help. 
Having difficulty with any of these items indicate functional limitation.23 
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Intervention:  
The intervention is an example of a representative intervention as described by Young et al,24 
which is a type of intervention that ensures a treatment is maintained above a threshold, e.g., at 
least 150 minutes of MVPA. Instead of fixing everyone’s time spent doing MVPA to a fixed 
minute, e.g., 150 minutes, a representative intervention allows individuals to have different time 
spent in MVPA. This is achieved by assigning a new MVPA time that is ≥150 minutes. The 
assigned value is obtained from a random draw from a distribution of MVPA time that is defined 
by those who sustain MVPA of 150 minutes or greater at visits 1 and 3. For example, one 
participant may be assigned a value of 165 minutes, and another participant 170 minutes. The 
effect of a representative intervention can be estimated using g-formula or inverse probability 
weight of marginal structural models.24,25  
 
In this analysis, we define the intervention as: all participants, regardless of their observed 
MVPA minutes/week, will be intervened at Visit 1 and Visit 3 to a MVPA minute ≥150 
minutes/week randomly drawn from participants who had the same MVPA history, light PA 
history, and confounder history under the intervention scenario. Under the no intervention 
scenario, participants follow their observed MVPA minutes/week. This comparison allows us to 
estimate the risk reduction in the entire population (only some of whom have MVPA minute 
≥150 minutes/week) if the intervention were enacted (where everyone would have MVPA 
minute ≥150 minutes/week), which is sometimes referred to as a measure of generalized impact, 
a generalization of population attributable risk, which is arguably relevant for policymaking. 
This comparison has been made for survival among nonmetastatic prostate cancer.25 
 
Unlike real-life trials where the exchangeability between invention and control arms were 
achieved by randomization, the exchangeability is achieved in the emulated trial by reweighting 
the individuals in the study sample for both intervention and control scenarios. The estimation 
procedures of g-formula and IPW are described below. 
 
Measurement of MVPA 
We will use MVPA variables derived from the sports and exercise section by Dr. Palta and 
colleagues.26 A metabolic equivalent of task (MET) value was assigned to each sport or exercise 
type reported by the participants based on the 2011 Compendium of Physical Activities.27 
Activities were classified into light (1-3 METs) and moderate-to-vigorous physical activity (>3 
METs) categories. For each category, minutes/week was estimated by multiplying the frequency 
and the duration for each activity and summing across all activities of the same category. 
Participants who reported no sports or exercise activities were assigned a 0 minute/week to both 
categories.  
 
Covariates: 
1. Time-fixed covariates measured at Visit 1: age, sex, race-center, education (less than high 
school; high school/GED/vocational school; or any college), and family income (<$25,000 per 
year; $25,000 to <$50,000 per year; and ≥$50,000 per year).  
2. Time-varying covariates measured at Visits 1 and 3: BMI, smoking status, alcohol use, total 
cholesterol, eGFR, comorbidity (including hypertension, diabetes, CHD, heart failure, cancer, 
and COPD), and minutes of light physical activity .  
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The eGFR was estimated using serum creatinine, age, sex and race.28 Hypertension was defined 
as a systolic blood pressure >140 mmHg or a diastolic blood pressure >90 mmHg or use of 
hypertensive medication. Diabetes was defined as meeting one of the following criteria: a fasting 
glucose ≥126 mg/dL, non-fasting glucose ≥200 mg/dL, current use of diabetes medication, and 
self-reported physician diagnosis. CHD was defined as a self-reported history or medical record 
evidence of myocardial infarction, coronary artery bypass graft or angioplasty, or myocardial 
infarction determined by ECG adjudication. Heart failure was identified based on self-reported 
heart failure medication use within the past two weeks. Cancer was ascertained by linkage with 
cancer registry, medical records and hospital discharge summaries, and death certificates.29 
Chronic lung disease was ascertained using self-reported physician diagnoses. 
 
Statistical analysis: 
Below causal Directed Acyclic Graph (DAG) aids the discussion on the statistical methods.  

 
The notations used in the DAG and throughout the methods section are as follows: 

• A1, 3: Physical activity intervention. A = 1 if MVPA ≥150 minutes/week, and 0 otherwise 
• Y3: Plasma protein levels at Visit 3 
• L1: Age, sex, race-center, education, family income, BMI, smoking status, alcohol use 

status, total cholesterol, eGFR, comorbidities (hypertension, diabetes, CHD, heart failure, 
cancer, and COPD), and light physical activity at Visit 1.  

• L3: BMI, smoking status, alcohol use status, total cholesterol, eGFR, comorbidities, and 
light physical activity at Visit 3. 

• C1: Loss to follow up before Visit 3. C1 = 0 if the person is not lost, and 1 otherwise.  
• W: Unmeasured confounders 

 
G-formula via ICE and MSM by IPW methods are chosen to appropriately handle the time-
varying confounders of A3 and Y3 but are affected by previous exposure, A1. Traditional 
methods such as regression models conditioning on the time-varying confounders or propensity 
score matching cannot properly handle such confounding.  
 
g-formula via ICE: the g-formula for the frailty-associated protein level at Visit 3 is: 
Under the scenario when all participants adhere to the recommendation at both Visits 1 and 3: 
𝐸𝐸�𝑌𝑌3

𝑔𝑔=1� = � � 𝐸𝐸�𝑌𝑌3�𝐾𝐾�3 = 𝑘𝑘�3, 𝐿𝐿�3 = 𝑙𝑙3̅, 𝐶𝐶1 = 0�
𝑙𝑙3̅𝑘𝑘�3

× � {𝑓𝑓�𝑙𝑙𝑗𝑗�𝑘𝑘�𝑗𝑗−2, 𝑙𝑙𝑗̅𝑗−2, 𝑐𝑐𝑗𝑗−2 = 0�
3

𝑗𝑗=1
𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜�𝑘𝑘𝑗𝑗�𝐴𝐴𝑗𝑗 = 1, 𝑘𝑘�𝑗𝑗−2, 𝑙𝑙𝑗̅𝑗 , 𝑐𝑐𝑗𝑗−2 = 0�} 
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Under the no intervention scenario: 
𝐸𝐸�𝑌𝑌3

𝑔𝑔=0� = � � 𝐸𝐸�𝑌𝑌3�𝐾𝐾�3 = 𝑘𝑘�3, 𝐿𝐿�3 = 𝑙𝑙3̅, 𝐶𝐶1 = 0�
𝑙𝑙3̅𝑘𝑘�3

× � {𝑓𝑓�𝑙𝑙𝑗𝑗�𝑘𝑘�𝑗𝑗−2, 𝑙𝑙𝑗̅𝑗−2, 𝑐𝑐𝑗𝑗−2 = 0�
3

𝑗𝑗=1
𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜�𝑘𝑘𝑗𝑗�𝑘𝑘�𝑗𝑗−2, 𝑙𝑙𝑗̅𝑗 , 𝑐𝑐𝑗𝑗−2 = 0�} 

where 𝑔𝑔 = 1 𝑜𝑜𝑜𝑜 0 denotes intervention and control scenarios; 𝑗𝑗 = 1 𝑜𝑜𝑜𝑜 3 denotes Visit 1 and 
Visit 3; 𝑌𝑌3 is frailty-associated protein levels at Visit 3; 𝐾𝐾𝑗𝑗 is time in MVPA as a continuous 
variable; 𝐴𝐴𝑗𝑗 is the binary indicator of MVPA ≥150 minutes; 𝐿𝐿𝑗𝑗 is measured confounders 
including time-fixed confounders at baseline and time-varying confounders; 𝐶𝐶1 is the indicator of 
censoring after Visit 1. The overbar represents the history of the variable through 𝑗𝑗𝑡𝑡ℎ visit, e.g., 
𝐿𝐿�3 = (𝐿𝐿1, 𝐿𝐿3). No information from Visit 2 is used since physical activity was not measured at 
Visit 2. When subscript is negative, e.g, 𝑨𝑨�𝒋𝒋−𝟐𝟐 when j = 1, the variable is an empty set. 
 
The following steps will be implemented to estimate the levels of frailty-associated proteins 
when all participants adhered at both visits: 
 

1. Among participants who had observed MVPA ≥150 minutes/week at both Visit 1 and 
Visit 3 (A1=A3=1), a linear regression model of frailty-associated proteins at Visit 3 (Y3) 
will be fitted with time in MVPA (K1, K3), time-fixed confounders and time-varying 
confounders (L1, L3) at both visits. All confounders will be modelled flexibly with non-
linear terms to minimize model misspecification.  

2. Among the same participants as in Step 1, a linear model of time in MVPA at Visit 3 (K3) 
will be fitted with flexible modeling of time in MVPA at Visit 1 (K1), LPA at both visits, 
and other confounders at both visits (L1, L3). 

3. For all participants who had observed MVPA ≥150 minutes/week at Visit 1 (A1=1) and 
were not lost to follow up before Visit 3 (C1=0), regardless of their observed MVPA at 
Visit 3, a new value of the time in MVPA at Visit 3 will be randomly drawn from the 
model in Step 2.  

4. Using the randomly drawn time in MVPA at Visit 3, predicted levels of frailty-associated 
proteins will be obtained using model from Step 1 for the same participants in Step 3. 
This step averages the protein levels over the distribution of K3 and L3.  

5. Among the same participants of Steps 3 and 4, a linear model of the predicted protein 
levels from Step 4 will be fitted with the flexible modeling of time in MVPA (K1), time 
in LPA and other confounders at Visit 1 (L1).  

6. Among participants who had observed MVPA ≥150 minutes/week at Visit 1 (A1=1), 
regardless of whether they returned at Visit 3, a linear model of time in MVPA at Visit 1 
(K1) will be fitted with flexible modeling of LPA and other confounders at Visit 1 (L1). 

7. For all participants at Visit 1, regardless of their observed MVPA, a new time in MVPA 
at Visit 1 will be randomly drawn from the model in Step 6. 

8. Using the randomly drawn time in MVPA at Visit 1, predicted levels of frailty-associated 
proteins will be obtained using model from Step 5 for all participants at Visit 1. The 
average of the predicted protein levels is the estimate of the outcome when all 
participants adhered to the intervention.  
 

Under no intervention scenario, the modeling of time in MVPA among adherent participants and 
the random drawing of the values were omitted (Steps 2, 3, 6, and 7). Also, Steps 1, 4, and 5 will 
be performed among participants who had two visits regardless of their adherence status. Step 4 
will use observed time in MVPA. Step 6 will be performed among participants who had Visit 1 
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regardless of their status at that visit. The average of the final predicted protein levels is the 
estimate of the outcome under no intervention scenario. The difference in the two estimates is the 
causal effect of interest. The 95% confidence interval can be obtained using percentile method 
from resampling individuals 500 times. 
 
MSM by IPW method:  
G-formula method can be a more efficient estimator,20 but it is subject to model 
misspecification.24,30 Therefore, we will estimate the same effect using MSM by IPW. The 
stabilized weights for adhering to the intervention (i.e., MVPA ≥150 minutes/week) and for 
censoring (i.e., loss to follow-up) will be estimated separately for the intervention and control 
scenarios. 
 
For the scenario that all participants adhere to the recommendation, stabilized weights for 
adherence will be estimated by 

𝑆𝑆𝑊𝑊𝐴𝐴 = �
𝑓𝑓�𝐴𝐴𝑗𝑗 = 1�𝐴̅𝐴𝑗𝑗−2 = 1, 𝐶̅𝐶𝑗𝑗−2 = 0�

𝑓𝑓�𝐴𝐴𝑗𝑗 = 1�𝐴̅𝐴𝑗𝑗−2 = 1, 𝐿𝐿�𝑗𝑗, 𝐾𝐾�𝑗𝑗−2, 𝐶̅𝐶𝑗𝑗−2 = 0�

3

𝑗𝑗=1
 

 
The numerator of the weight will be quantified by the predicted probability of adherence from a 
pooled logistic model conditional on visit number. The denominator will be quantified by 
another pooled logistic model additionally conditional on visit number, time in MVPA and time-
varying confounders at the current and previous visit. At Visit 3, only participants who were 
adherent at Visit 1 are included in these models. 
 
In addition, to account for loss to follow-up, we will also estimate stabilized weights for 
censoring. As participants can only be lost to follow-up between Visit 3 and Visit 1, the weights 
are estimated by: 

𝑆𝑆𝑊𝑊𝐶𝐶 =
𝑓𝑓(𝐶𝐶1 = 0|𝐴𝐴1 = 1)

𝑓𝑓(𝐶𝐶1 = 0|𝐴𝐴1 = 1, 𝐿𝐿1, 𝐾𝐾1) 
The numerator will be the marginal probability of being censored after Visit 1 among 
participants who were adherent at Visit 1. The model for the denominator will include time-fixed 
and time-varying confounders and time in MVPA. 
 
The final weights under the adherence scenario will take the product of the 𝑆𝑆𝑊𝑊𝐴𝐴 and 𝑆𝑆𝑊𝑊𝐶𝐶 for 
each individual. Covariate balance will be checked using standardized mean difference between 
participants who adhere to the intervention and participants who did not adhere to the 
intervention.31,32 The check will be performed at Visit 1 and Visit 3 separately. At Visit 3, the 
check will be performed among participants who were adherent at Visit 1.  
 
Under no intervention scenario, every participant has a weight of 1 for adherence. The stabilized 
weights for censoring (also the final weights) will be estimated by: 

𝑆𝑆𝑊𝑊𝐶𝐶 =
𝑓𝑓(𝐶𝐶1 = 0)

𝑓𝑓(𝐶𝐶1 = 0|𝐿𝐿1, 𝐾𝐾1) 
 
Lastly, we will pool the data from people who are adherent to the intervention at both visits and 
their final weights under the intervention with the data from all participants and their final 
weights under the control scenario into a single dataset. The causal effect of the intervention will 
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be estimated from this pooled dataset by below saturated MSM model using linear regression, 
weighted by the final weights: 

𝐸𝐸�𝑌𝑌3
𝑔𝑔� = α0 + α1𝐼𝐼(𝐺𝐺) 

 
where G = 1 for adherence scenario, and G = 0 for no intervention scenario. 
 
Assumptions:  
For the estimates to be causal, three assumptions (i.e., exchangeability, positivity, and 
consistency) need to be met. The exchangeability assumption in our study is  

𝑌𝑌3
𝑔𝑔 ⊥ 𝐴𝐴𝑗𝑗 |𝐿𝐿�𝑗𝑗 = 𝑙𝑙𝑗̅𝑗, 𝐴̅𝐴𝑗𝑗−2 = 𝑎𝑎�𝑗𝑗−2

𝑔𝑔  
 
This assumption may be violated due to the presence of unmeasured confounders, 𝑊𝑊, as shown 
in the DAG. In a sensitivity analysis, we will exclude smokers and participants with comorbidity 
(including hypertension, diabetes, CHD, heart failure, cancer, and COPD), abnormal eGFR (<30 
ml/min per 1.73 m2), and BMI below 18.5 kg/m2. Moreover, we will also estimate an E-value 
that measures how strong the unmeasured confounding needs to be to explain away the PA-
protein associations.33 
 
The positivity assumption in this study is  

𝑓𝑓𝐴𝐴𝑗𝑗 |𝐿𝐿�𝑗𝑗,𝐴̅𝐴𝑗𝑗−2�𝑎𝑎𝑗𝑗
𝑔𝑔�𝑙𝑙𝑗̅𝑗, 𝑎𝑎�𝑗𝑗−2

𝑔𝑔 � ≡ 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜�𝑎𝑎𝑗𝑗
𝑔𝑔�𝑙𝑙𝑗̅𝑗, a�j−2

g ) with probability 1 
This assumption will be empirically checked in the data. Without conditioning on any covariates, 
approximately 2,100 participants had MVPA ≥150 minutes/week at both Visits 1 and 3 (17.5% 
of the sample at Visit 1, and 25.6% of the sample at Visit 3).  
 
The consistency assumption is an assumption that is particularly relevant for physical activity 
intervention. This assumption states that the value of the potential outcome when a person is 
assigned to treatment group is equal to the observed outcome when the person is in fact in the 
treatment group.34 This assumption is often violated when there are multiple versions of 
treatment. There are at least two types of versions for our treatment, achieving >150 
minutes/week of MVPA, in this analysis. The first version type is the actual minutes of MVPA 
above 150 minutes/week performed by participants. For example, some performed 160 minutes, 
and some 170 minutes. The other version type is the different types of sports in which the 
participants engage, and the types of sports (for example, jogging [endurance] vs weightlifting 
[strength]) may have different implications for frailty-associated proteins. The presence of 
multiple versions imposes two challenges: identification of causal effects and transportability of 
the effects. To identify the causal association between the treatment (150 minutes/week of 
MVPA) and plasma protein levels at Visit 3, it is assumed that there is no unmeasured 
confounder of treatment and versions that does not affect the outcome.34 One example of the 
such confounders can be what type of exercise facilities the participants have in their 
neighborhood. We do not have this variable in ARIC. Therefore, we will empirically check if 
there are associations between type of sports/actual MVPA minutes and MVPA ≥150 minutes 
adjusting for the covariates. The challenge to transportability stems from the fact that other 
populations may have different distributions of MVPA minutes and type of the sports. Therefore, 
in a sensitivity analysis, we will estimate the effects of achieving 150 minutes/week of MVPA 
under different hypothetical distributions of sports types and MVPA minutes.  
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Because we have loss to follow-up between Visit 1 and Visit 3, the last assumption we make is 
that loss to follow-up is independent of potential outcome given the history of MVPA, light 
physical activity and confounders.  
 
Limitations: 
1. Plasma proteins are not measured at Visit 1, though the impact is mitigated through sensitivity 
analyses.  
2. The focus on MVPA may overlook the health benefits of light and non-exercise physical 
activity.35 We chose MVPA because the published guideline is based on MVPA. We could 
explore including light physical activity, but light physical activity may not be well measured by 
self-report questionnaires, and the threshold may be arbitrary without a guideline. 
3. Physical activity is measured using self-report which is subject to recall and social desirability 
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