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Abstract
Background
Disabilities may play a different role in determining people’s physical activity (PA) and physical inactivity (PI) levels when they go through multiple lifetime transitions (e.g., graduation, marriage) between adolescence and young adulthood. This study investigates how disability severity is associated with changes in PA and PI engagement levels, focusing on adolescence and young adulthood, when the patterns of PA and PI are usually formed.

Methods
The study employed data from Waves 1 (adolescence) and 4 (young adulthood) of the National Longitudinal Study of Adolescent Health, which covers a total of 15,701 subjects. We first categorized subjects into 4 disability groups: no, minimal, mild, or moderate/severe disability and/or limitation. We then calculated the differences in PA and PI engagement levels between Waves 1 and 4 at the individual level to measure how much the PA and PI levels of individuals changed between adolescence and young adulthood. Finally, we used two separate multinomial logistic regression models for PA and PI to investigate the relationships between disability severity and the changes in PA and PI engagement levels between the two periods after controlling for multiple demographic (age, race, sex) and socioeconomic (household income level, education level) variables.

Results
We showed that individuals with minimal disabilities were more likely to decrease their PA levels during transitions from adolescence to young adulthood than those without disabilities.
Our findings also revealed that individuals with moderate to severe disabilities tended to have higher PI levels than individuals without disabilities when they were young adults. Furthermore, we found that people above the poverty level were more likely to increase their PA levels to a certain degree compared to people in the group below or near the poverty level.

Conclusions
Our study partially indicates that individuals with disabilities are more vulnerable to unhealthy lifestyles due to a lack of PA engagement and increased PI time compared to people without disabilities. We recommend that health agencies at the state and federal levels allocate more resources for individuals with disabilities to mitigate health disparities between those with and without disabilities.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13690-023-01043-0.
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Background
Increases in physical activity (PA) are highly associated with increased energy expenditure, better body composition (i.e., less fat), an improved immune system, improved cardiovascular functions, and other physiological effects (e.g., appetite control) [1, 2]. On the other hand, a lack of PA or increases in physical inactivity (PI) could result in elevated risks of a wide range of adverse health outcomes, including obesity, diabetes, cardiovascular disease, bone health, and mental health [3–7]. One recent study showed that 8.3% of deaths could have been prevented with an adequate level of PA [8]. Another study also supports that physically inactive people have a 20–30% higher risk of more than 25 chronic medical issues and premature death than physically active individuals [9]. Despite the importance of PA, over 31% of the world’s population and over 80% of the world’s adolescent population do not satisfy the minimum PA recommendations [10].
The individual levels of PA and PI are determined by a wide range of demographic factors. Age is one of the major factors associated with PA and PI levels. Previous studies have shown that individuals over 65 years of age are less likely to engage in PA than individuals in other age groups, probably because of their relatively reduced physiological functions, such as increased fatness, weaker muscles, lower bone density, and decreased cardiorespiratory and metabolic functions [11–13]. Those over 65 years of age are also more likely to experience fall-related accidents, which can cause injuries and limit PA engagement [14]. In addition, a recent meta-analysis indicated that the PA of both males and females decreased during the transition from adolescence into young adulthood [15]. However, Gordon-Larsen et al. (2006) also argued that PA and sedentary behavior patterns during adolescence are likely to continue into adulthood [16].
Sex is another important factor influencing the level of PA participation. Multiple studies have indicated that males tend to be more active in regular PA and leisure activities than females [17–20]. There are several explanations for this PA gap between the two sexes. First, psychological factors differently affect PA participation. For instance, young adult males tend to have intrinsic motivations for PA and exercise such as enjoyment and a challenging spirit, while young adult females tend to have more extrinsic motivations such as weight loss and improving one’s body image [21, 22]. The lack of motivation, lack of confidence, and low self-efficacy for PA in females during childhood further influence their future level of PI during adulthood [23]. Other factors, such as relatively fewer PA options for girls, could result in demotivation to PA participation when they transition from a young age group into adulthood [24]. Sex differences in PA exist regardless of race/ethnicity, socioeconomic status (SES), and age [17, 25, 26].
Previous studies also found that individuals of several races and ethnicities were less physically active than those of other races, such as Asian individuals, Hispanic non-White female young adults, Hispanic immigrant children, and African American female young adults [17, 27–31]. This difference may be associated with SES rather than genetic or physiological differences. Bantham et al. (2021) showed that Blacks and Latinos had more economic difficulties in accessing health care, and their poor health conditions also impacted their PI [32]. Different societal and cultural expectations could lead to additional differences in exercise motives by race/ethnicity [33]. For example, McArthur and Raedeke (2009) found that female and White college students put more emphasis on appearance-related motives than male and Black students [34]. This could be partially due to different cultural expectations. Walcott-McQuigg et al. (1995) reported that Black female college students expressed beliefs that Black males prefer a more rounded appearance [35].
In addition, socioeconomic factors play an important role in deciding the rate of PA participation. Previous studies enumerated diverse variables that could impact the PA engagement of individuals with low-SES. Giles-Corti et al. (2002) found that individuals residing in low-SES communities were approximately 36% less active due to their environmental constraints [36]. Low-income could have a negative impact on PA levels [37]. A lack of facilities, a lack of economic affordability, or safety concerns in neighborhoods adds additional barriers to PA engagement [16, 38]. Parental education level is also related to the PA participation levels of children. For instance, adolescents or children with parents with a higher education level had significantly higher PA participation than those with parents with lower education levels [39–41].
Physical disability and/or limitation status may be one of the most important factors highly associated with PA and PI patterns. Previous literature has continuously indicated that people with disabilities tend to have lower PA and higher PI rates than the general population [42–45]. Individuals with disabilities are more likely to face environmental and individual barriers to PA participation than the general population. Environmental factors including the built environment, SES, psychological status, and the perceptions of other people influence the PA levels of those with disabilities [46]. Individual factors such as self-efficacy, attitude, motivation, age, and the severity of disabilities and physical limitations impact the types and intensity of PA as well [13, 47, 48]. For example, as age increases, young adults with disabilities make more independent and subjective PA decisions [48].
Most of the previous studies have only focused on the differences in PA and PI levels between people with and without disabilities, which does not take the impact of age into account. However, people with and without disabilities may have different experiences while going through multiple transitions, such as graduation, marriage, living apart from one’s parents, and starting work. These different experiences would introduce disparities in PA levels over the life course between individuals with and without disabilities [49]. In addition, to the best of our knowledge, no studies have looked at the impact of disabilities on PI changes over the life course, even though disability/limitation status could have different impacts on both PA and PI levels in individuals in different age groups [50]. In this respect, our study attempted to understand how the level of disability is associated with changes in PA and PI engagement levels over the life course. For this, we separately regressed the changes in PA and PI levels between adolescents and young adults with four different severity levels of disability/limitation status (i.e., no, minimal, mild, and moderate/severe disability and/or physical limitation) after controlling for multiple demographic (age, race, sex) and socioeconomic (household income level, education level) variables. Here, we were especially interested in two periods, adolescence and young adulthood, when the patterns of PA and PI are usually formed. Young adulthood, when people reach physical maturity, is regarded as an important transition period that has many lifetime and transition events, such as leaving education, living apart from one’s parents, starting work, and getting married. These transition events usually influence PA and PI engagement rates in this period [51–53]. We believe our comprehensive models including multiple demographic and socioeconomic variables could give more accurate and robust results to understand the impact of physical disability and/or limitation status on changes in PA and PI levels over the life course.
Data and methodology
Overall, we used three types of datasets obtained from the National Longitudinal Study of Adolescent Health (https://​addhealth.​cpc.​unc.​edu): 1) physical disability and/or limitation; 2) demographic and socioeconomic variables; and 3) PA and PI. With these datasets, we first divided all subjects into four groups by disability level: no, minimal, mild, and moderate/severe disability and/or limitation. We then investigated how the severity of disability impacted the changes in lifetime PA and PI levels with multinomial logistic regressions. To control for the impacts of other factors, we included three demographic (age, race, sex) and two socioeconomic (household income level, education level) variables in the models. More details are as follows.

Wave data
The aim of the National Longitudinal Study of Adolescent Health, also called Add Health, is to investigate overall health-related variables following a sequence of developmental shifts: adolescence, young adulthood, and later adulthood. The first Add Health survey (Wave 1) was completed between 1994 and 1995. There were 20,745 adolescent respondents in grades 7 through 12 included in Wave 1. Follow-up Add Health surveys, called Waves 2–5, have been conducted over the last 20 years. The most recent survey (Wave 5) was conducted during 2016–2018. Although recent Waves (Waves 4 and 5) include more variables, including educational transitions, SES, and sleep health, mostly similar questions on health, education, nutrition, emotion, family, and neighborhood structure have been asked across the Waves.
In the present study, we selected Waves 1 (ages: 12–18 years) and 4 (ages: 24–32 years) to observe changes in PA and PI levels between adolescence and young adulthood, when the patterns of PA and PI are usually formed. Since only respondents who engaged in Wave 1 were eligible for Wave 4, we were able to track the same individuals with an approximately 15-year time gap. The total number of subjects included in the study was 15,701. From Waves 1 and 4, we extracted three datasets. Physical disability and/or limitation data were obtained from only Wave 1 since disability is a permanent condition and rarely changes over time. In addition, Wave 1 included a wider range of questions on disabilities and physical limitations, including limb difficulties, the use of equipment, personal care assistance, blindness, and deafness, than Wave 4. For demographic and socioeconomic variables, we only used Wave 4 because we wanted to investigate the impact of these variables on current PA and PI levels. The last datasets, the PA and PI datasets, were downloaded from both Waves 1 and 4 to observe the changes in PA and PI levels between the two periods. More details on data preparation for disability and PA/PI levels can be found below.


Methodology
Multinomial logistic regression
We used multinomial logistic regression to investigate how physical disabilities and/or limitations influence changes in PA and PI engagement levels between adolescents and younger adults using the same subjects after controlling for multiple covariates (i.e., age, race, sex, household income level, education level). Multinomial logistic regression is a simple extension of binomial logistic regression, which allows for more than two dependent variable categories (e.g., excellent, very good, good, fair, poor). This regression model uses the maximum likelihood estimate to predict the probability that an observation or respondent falls into one of the multiple dependent variable categories (either nominal or unordered) based on one or more independent variables (either continuous or categorical). Unlike other multivariate analysis models, multinomial logistic regression does not assume normality, linearity between the dependent and independent variables, homoscedasticity, or normally distributed error terms (residuals) [54].
The results of multinomial regressions show the impact of independent variables on the probability of falling into one of the multiple dependent variable categories in comparison to the reference category [55]. This method commonly uses relative risk ratios (RRRs) to describe model results. An RRR shows the risk of the outcome falling in the comparison group compared to the risk of the outcome falling in the reference group. An RRR > 1 suggests that the risk of the outcome occurring in the comparison group is higher (more likely) than the risk of the outcome occurring in the reference group. On the other hand, an RRR < 1 indicates that the risk of the outcome occurring in the comparison group is lower (less likely) than the risk of the outcome occurring in the reference group. In other words, for an RRR > 1, a comparison outcome is more likely, while for an RRR < 1, a reference outcome is more likely. For example, an RRR of 2 means that the comparison outcome is 2 times more likely than the reference outcome, while an RRR of 0.5 means that the comparison outcome is 0.5 times less likely than the reference outcome.
In this study, we initially checked multicollinearity between independent variables to avoid incorrect or inflated coefficients (no violation was found). Then, we separately performed two multinomial logistic regressions with the change in PA and PI engagement levels between Waves 1 and 4 as the dependent variable. The independent variables in the models were disability severity (no, minimal, mild, and moderate/severe disability and/or limitation), demographic (age, race, sex) variables, and socioeconomic (household income level, education level) variables. This study was classified as exempt by the Norfolk State University Institutional Review Board.

Physical disability score
Wave 1 included the In-Home Questionnaire and Parent Survey. Both surveys contain multiple questions on physical disabilities and/or limitations, providing information on (a) the specifics of an individual’s disabilities, (b) the extent of their functional limitations and (c) whether personal care assistance is needed. We followed previous studies to assign physical disability scores to each individual [56, 57]. Figure 1 shows how we categorized physical disabilities and/or limitations. The process of assigning a physical disability score has 7 steps. We separately calculated the physical disability scores with the In-Home Questionnaire and Parent Survey until Step 4, and then we selected the higher score between the two surveys at Step 5. With the selected scores, we conducted Steps 6 and 7. More details on the classification process can be found in Fig. 1.[image: ]
Fig. 1Diagram of how we assigned physical disability scores



Measuring physical activity and inactivity
The PA level was determined based on total bouts of moderate to vigorous PA per week. A number of previous studies used this method to categorize moderate to vigorous PA using a standard 1-week recall questionnaire [58–61]. As our main foci were moderate to vigorous PA, we only included questions that were matched to moderate to vigorous PA levels (e.g., 5 to 8 metabolic equivalents; exercise and sports), excluding any questions associated with mild-intensity or low-intensity PA (2 to 3 metabolic equivalents; hobbies and cleaning). In Wave 1 Sect. 2 (4, 5, and 6), respondents were asked how many times per week they spent performing specific physical activities (e.g., inline skating, skateboarding, bicycling, football, basketball, baseball, soccer, softball, swimming, jogging, walking, martial arts, jump roping, dancing, and gymnastics). Likewise, in Wave 4 Sect. 25 (2–8), similar questions were asked. The only difference was that the same questions from Wave 1 were divided into more specific questions according to the types of activities in Wave 4. The PI level was also decided based on the total amount of time for several activities which was drawn from a 1-week recall questionnaire. PI questions included the total amount of time spent watching television, watching movies, playing computer games, and listening to music on a weekly basis. We utilized the total amount of time spent on these physically inactive and sedentary behaviors. This is one of the most commonly used ways to ask PI-related questions in surveys from previous studies [60]. Here, please note that the increase in PA does not necessarily mean the decrease in PI as they are independent. Relatedly, the sum of PA and PI is not fixed (not zero-sum) because the questions used for PA and PI in the questionnaire do not cover all daily activities. For example, the questionnaire does not cover time for studying, working, sleeping, eating, etc. Our data actually shows very weak Pearson correlation coefficients between the sum of PA and PI (Wave 1: 0.02; Wave 4: -0.04). Thivel et al. (2018) also support that PA and PI are not the opposite of each other [62]. More information on the survey questions used to collect the level of PA and PI can be found in Supplementary Table 1.
To calculate the relative changes in PA and PI between adolescence and young adulthood, we first extracted PA and PI data from both Waves 1 (adolescence) and 4 (young adulthood). We then separately summed up the total frequency of PA and total time of PI for Waves 1 and 4. Next, we normalized the sum of PA and PI with min–max normalization for each Wave data (Eq. 1).[image: $${x}_{normalized} = \frac{(x - {x}_{min})}{({x}_{max} - {x}_{min})}$$]

 (1)



Where xnormalized is the normalized value; x is the initial value; xmax and xmin stand for the maximum and minimum value. This process is necessary because Waves 1 and 4 data did not use the same questionnaires for PA and PI. In addition, the level of PA and PI would be different between adolescence and young adulthood. For example, our survey data shows different mean hours in PI between Wave 1 (23.0 h) and Wave 4 (16.2 h) even though no differences were found in PA (Wave 1:3.6 times, Wave 4: 3.6 times). A direct comparison without a normalization process would lead to the wrong results that all people decrease PI levels between adolescence and young adulthood. Based on the normalized total frequency of PA and time of PI, we were able to calculate the changes in PA and PI between two Waves. Finally, we reclassified the differences into five relative categories for easy interpretation with standard deviations (SDs): 1) < -2SDs, 2) -2SDs ~ -1SD, 3) -1SD ~  + 1SD, 4) + 1SD ~  + 2SDs, and 5) >  + 2SDs. Here, the category “ < -2SDs” represents the group with the highest decreases in PA and PI levels between the two survey periods, and the category “ >  + 2SDs” represents the group with the highest increases in PA and PI levels. On the other hand, the category “-1SD ~  + 1SD” represents the group with no changes in PA and PI levels between the two periods. For intuitive interpretation, we renamed these five categories as follows: 1) more decreased (< -2SDs), 2) decreased (-2SDs ~ -1SD), 3) no change (-1SD ~  + 1SD), 4) increased (+ 1SD ~  + 2SDs), and 5) more increased (> + 2SDs).


Results
In this study, we aimed to understand how the severity of disability (i.e., no, minimal, mild, and moderate/severe disability and/or limitation) is associated with changes in PA and PI levels from adolescence through young adulthood after controlling for multiple demographic and socioeconomic variables. In the results, we first report descriptive summaries of the subjects’ physical disabilities and/or limitations, demographic and socioeconomic variables, and PA and PI engagement levels. We then show the associations between changes in PA/PI levels and multiple demographic and socioeconomic variables. Finally, we exhibit how physical disability and/or limitation status influences changes in PA and PI levels between adolescence and young adulthood.
Descriptive summary
Table 1 summarizes the physical disabilities and limitations of adolescent respondents in Wave 1. We categorized the study participants into four levels by disability severity: no, minimal, mild, and moderate/severe disability and/or limitation. Among 15,701 subjects, there were 14,783 respondents without disabilities (94%), 517 adolescents with a minimal level of disability (3%), 185 adolescents with a mild level of disability (1%), and 216 adolescents with a moderate/severe level of disability (1%). Overall, individuals with disabilities (i.e., In-Home Questionnaire) themselves were more likely than their parents to report that they had limb difficulties, used equipment for their conditions, and needed aids for daily activities (i.e., Parent Survey). However, individuals with disabilities were less likely than their parents to answer that they or others considered themselves to have a disability. This gap decreased as disability severity increased. For example, while the same number (n = 83) of individuals with more moderate/severe disability and their parents reported that they considered themselves or their children as disabled, only 5 out of the 517 people with minimal disability and 23 out of the 517 parents answered that they or their child had a disability.Table 1Descriptive summary of physical disabilities and/or limitation in Wave 1


	 	No
	Minimal
	Mild
	Moderate/Severe

	Total (N)
	14,783
	517
	185
	216

	Limb difficulties (In-Home Questionnaire / Parent Survey)
	0 / 0
	177 / 46
	119 / 70
	140 / 99

	Use equipment for conditions (In-Home Questionnaire / Parent Survey)
	0 / 0
	259 / 0
	97 / 18
	114 / 51

	Need aids for daily activities (In-Home Questionnaire / Parent Survey)
	0 / 0
	3 / 0
	3 / 0
	33 / 14

	Self/Others consider disabled (In-Home Questionnaire / Parent Survey)
	0 / 0
	5 / 23
	14 / 33
	83 / 83

	Difficulties in walking, standing, holding, grasping (In-Home Questionnaire)
	0
	20
	46
	101

	More than 3 body parts affected (Parent Survey)
	0
	0
	11
	58

	Blindness (one eye / both eyes)
	0 / 0
	0 / 0
	0 / 0
	16 / 3

	Deafness
	0
	0
	0
	23




Among individuals with minimal disability (n = 517), the majority thought that they had limb difficulties (177, 34%) and used equipment for their conditions (259, 50%). On the other hand, very few people answered that they needed aids for daily activities (3 people), considered themselves disabled (5 people), and had difficulties walking, standing, holding, and grasping (20 people). There were no subjects with more than 3 body parts affected, blindness, or deafness. For people with mild disability, a higher proportion reported that they had any types of difficulties compared to individuals with minimal disability. Out of 185 people, 119 (64%), 97 (52%), and 46 (25%) responded that they had limb difficulties, used equipment for their conditions, and had difficulties walking, standing, holding, and grasping, respectively. Only a limited number of people considered themselves disabled (14 people). There were no people with blindness or deafness in this category. For individuals with moderate/severe disability (n = 216), 140 (65%), 114 (53%), 101 (47%), and 83 (38%) reported that they had limb difficulties, used equipment for their conditions, had difficulties walking, standing, holding, and grasping, and considered themselves disabled. Unlike the other categories, there were people with blindness (one eye: 16; both eyes: 3) and deafness (23 people) in this category.
The subjects’ demographic and socioeconomic information in Wave 4 is summarized in Table 2. This table includes age, race, sex, education level, and household income level. Age was consistent across the four disability/limitation statuses, with a mean age of 29 years (range: 28.5–28.9) and a SD of 1.7 years (range: 1.6–1.8). For race and sex, we found a slightly higher percentage of people with disabilities who were White (minimal: 3.6%; mild: 1.4%; moderate/severe: 1.6%) and male (minimal: 3.5%; mild: 1.3%; moderate/severe: 1.3%) compared with their counterparts, but the difference was not large. For education level, people with a high school diploma (minimal: 3.2%; mild: 1.1%; moderate/severe: 1.3%) were less likely to have a disability than those without a high school diploma (minimal: 4.0%; mild: 2.3%; moderate/severe: 2.2%). Similarly, those with high-income levels were less likely to have a disability than those with low- income levels. This trend was especially evident in the moderate/severe disability category (below/near poverty level: 2.6%; low-income: 1.6%; middle-income: 1.0%; high-income: 0.7%).Table 2Descriptive summary of demographic and socioeconomic variables by physical disability and/or limitation in Wave 4


	Variables
	Sub-variables
	Total
	No
	Minimal
	Mild
	Moderate/
Severe

	Total (N)
	Population (count)
	15,701
	14,783
	517
	185
	216

	Age
	Mean (year)
	-
	28.5
	28.5
	28.8
	28.9

	Max (year)
	-
	34
	33
	33
	33

	Min (year)
	-
	24
	24
	25
	25

	SD (year)
	-
	1.8
	1.7
	1.6
	1.6

	Race
	White (%)
	10,945 (100)
	10,231 (93.5)
	393 (3.6)
	149 (1.4)
	172 (1.6)

	Black (%)
	3,620 (100)
	3,461(95.6)
	95(2.6)
	27 (0.7)
	37 (1.0)

	American Indian or Alaska Native (%)
	155 (100)
	148 (95.5)
	5 (3.2)
	2 (1.3)
	0 (0.0)

	Asian or Pacific Islander (%)
	953 (100)
	917 (96.2)
	22 (2.3)
	7 (0.7)
	7 (0.7)

	Sex
	Male (%)
	7,349 (100)
	6,897 (93.8)
	259 (3.5)
	95 (1.3)
	98 (1.3)

	Female (%)
	8,352 (100)
	7,886 (94.4)
	258 (3.1)
	90 (1.1)
	118 (1.4)

	Education
	High school diploma (%)
	14,675 (100)
	13,845 (94.3)
	475 (3.2)
	161 (1.1)
	194 (1.3)

	No high school diploma (%)
	1,021 (100)
	935 (91.6)
	41 (4.0)
	23 (2.3)
	22 (2.2)

	Household income
	Below/near poverty level (less than $20 K) (%)
	1,756 (100)
	1,632 (92.9)
	57 (3.2)
	21 (1.2)
	46 (2.6)

	Low-income ($20 K–50 K) (%)
	4,801 (100)
	4,491 (93.5)
	167 (3.5)
	67 (1.4)
	76 (1.6)

	Middle-income ($5 K–150 K) (%)
	7,349 (100)
	6,965 (94.8)
	237 (3.2)
	72 (1.0)
	75 (1.0)

	High-income (> $150 K) (%)
	756 (100)
	723 (95.6)
	18 (2.4)
	10 (1.3)
	5 (0.7)




Table 3 shows the PA and PI levels of the adolescents (Wave 1) and young adults (Wave 4). In Wave 1, the mean PA level was approximately 3.5 times per week (range: 3.4–3.8) with a SD of 2.1 (range: 2.0–2.1) across the four levels of disability categories. On the other hand, the mean PI level was larger than the mean PA level, showing a mean of approximately 22.0 h per week (range: 20.9–23.0) with a SD of approximately 22.0 (range: 17.9–22.7). In Wave 4, no large difference was found for the mean PA level (range: 3.4–4.0) except for increases in the maximum values (range: 16.0–21.0). Even though the two survey datasets used different survey questionnaires for PI, we consistently observed decreases in the mean PI level (range: 15.4–19.3). For the differences between Wave 4 and Wave 1, we observed consistent decreases in PA sessions per week ranging from -4.1 to -6.8, while no large change was found from the mean PI hours per week (range: -0.2–0.4) regardless of disability level.Table 3Descriptive summary of the physical activity and physical inactivity levels in Waves 1 and 4 by physical disability and/or limitation


	
Wave 1

	 	No
	Minimal
	Mild
	Moderate/Severe

	Physical activity (times per week)
	Mean
	3.6
	3.8
	3.6
	3.4

	Max
	9.0
	9.0
	8.0
	9.0

	Min
	0.0
	0.0
	0.0
	0.0

	SD
	2.1
	2.1
	2.1
	2.0

	Physical inactivity (hours per week)
	Mean
	23.0
	22.5
	20.9
	23.5

	Max
	282.0
	200.0
	159.0
	110.0

	Min
	0.0
	0.0
	0.0
	0.0

	SD
	21.6
	22.7
	22.1
	17.9

	
Wave 4


	 Physical activity (times per week)
	Mean
	3.6
	3.6
	4.0
	3.4

	Max
	21.0
	17.0
	16.0
	17.0

	Min
	0.0
	0.0
	0.0
	0.0

	SD
	3.1
	3.0
	3.5
	3.1

	 Physical inactivity (hours per week)
	Mean
	16.2
	17.5
	15.4
	19.3

	Max
	198.0
	160.0
	124.0
	126.0

	Min
	0.0
	0.0
	0.0
	0.0

	SD
	16.4
	18.3
	15.9
	20.3

	
Differences between Wave 4 and Wave 1 (Wave 4—Wave 1)


	 Physical activity (times per week)
	Mean
	-6.8
	-4.8
	-5.3
	-4.1

	Max
	195
	112
	121
	116

	Min
	-268
	-190
	-152
	-86

	SD
	24.7
	25.8
	25.3
	25.6

	 Physical inactivity (hours per week)
	Mean
	-0.0
	-0.2
	0.4
	-0.0

	Max
	18
	13
	12
	15

	Min
	-9
	-9
	-8
	-6

	SD
	3.4
	3.4
	3.6
	3.1





Associations between changes in PA/PI levels and demographic/socioeconomic variables
Here, we enumerate several statistically significant associations between changes in PA/PI levels and multiple demographic and socioeconomic variables and disability severity. Table 4 exhibits the RRR and p-values of each variable in the model.Table 4Multinomial logistic regression on changes in PA and PI levels by race, household income level, education level, sex, age, and physical disability and/or limitation. Relative risk ratios and p-values are shown in parentheses


	Variables
	Category/units
	PA difference (Ref: No change)
	PI difference (Ref: No change)

	More decreased
	Decreased
	Increased
	More increased
	More decreased
	Decreased
	Increased
	More increased

	Race (Ref: White)
	African American
	0.83 (0.27)
	1.07 (0.27)
	0.97 (0.67)
	1.05 (0.67)
	4.08 (0.00)c
	2.37 (0.00)c
	1.35 (0.00)c
	1.90 (0.00)c

	American Indian or Alaska Native
	1.44 (0.54)
	0.82 (0.50)
	0.95 (0.86)
	1.61 (0.18)
	3.77 (0.00)c
	1.72 (0.08)a
	1.37 (0.35)
	2.43 (0.06)a

	Asian or Pacific Islander
	0.66 (0.22)
	1.12 (0.31)
	1.03 (0.77)
	1.29 (0.12)
	0.62 (0.15)
	1.24 (0.13)
	1.24 (0.13)
	1.19 (0.53)

	Household income (Ref: Below or near poverty level)
	Low
	0.80 (0.32)
	1.09 (0.35)
	1.10 (0.35)
	0.82 (0.17)
	0.77 (0.07)a
	0.82 (0.05)b
	0.74 (0.00)c
	0.57 (0.00)c

	Middle
	0.86 (0.50)
	0.96 (0.68)
	1.15 (0.16)
	0.85 (0.23)
	0.64 (0.00)c
	0.66 (0.00)c
	0.57 (0.00)c
	0.35 (0.00)c

	High
	1.69 (0.08)a
	1.17 (0.25)
	1.18 (0.27)
	0.61 (0.05)a
	0.37 (0.00)c
	0.59 (0.00)c
	0.50 (0.00)c
	0.33 (0.00)c

	Education (Ref: High school diploma)
	No high school diploma
	0.79 (0.36)
	0.78 (0.01)c
	1.14 (0.31)
	1.07 (0.72)
	0.76 (0.11)
	0.91 (0.49)
	0.86 (0.25)
	0.58 (0.00)c

	Sex (Ref: Male)
	Female
	0.38 (0.00)c
	0.65 (0.00)c
	0.82 (0.00)c
	0.55 (0.00)c
	0.48 (0.00)c
	0.60 (0.00)c
	0.65 (0.00)c
	0.59 (0.00)c

	Age
	Continuous data
	0.72 (0.00)c
	0.84 (0.00)c
	1.06 (0.00)c
	1.11 (0.00)c
	0.85 (0.00)c
	0.89 (0.00)c
	1.05 (0.02)b
	0.98 (0.46)

	Disability (Ref: No disability)
	Minimal
	0.96 (0.92)
	1.29 (0.05)b
	0.81 (0.23)
	0.87 (0.59)
	0.86 (0.61)
	0.69 (0.08)a
	0.96 (0.83)
	1.31 (0.37)

	Mild
	2.09 (0.11)
	0.91 (0.71)
	0.89 (0.66)
	1.55 (0.17)
	0.75 (0.58)
	0.54 (0.12)
	0.87 (0.67)
	0.85 (0.78)

	Moderate/Severe
	0.00 (0.00)c
	0.80 (0.35)
	0.69 (0.17)
	0.86 (0.69)
	0.89 (0.80)
	1.54 (0.07)a
	0.95 (0.86)
	2.25 (0.02)b





Race
Even though we were not able to observe any significant relationships between PA differences (Wave 4—Wave 1) and race at the 95% significance level, African American and American Indian or Alaskan Native individuals had a significant relationship with PI differences. In detail, African Americans were more likely to either increase (Increased: RRR = 1.35, p-value = 0.00; More increased: RRR = 1.90, p-value = 0.00) or decrease (Decreased: RRR = 2.37, p-value = 0.00; More decreased: RRR = 4.08, p-value = 0.00) their PI levels than maintain their PI levels compared to White individuals. On the other hand, American Indian or Alaskan Native individuals were more likely to decrease (more decreased: RRR = 3.77, p-value = 0.00) their PI levels than maintain their PI levels compared with White individuals.

Household income
Household income was also one of the most important factors deciding PA and PI patterns over the life course. For the PA difference, although not statistically significant at the 95% significance level, we found that all income groups were more likely to increase (Low-income: RRR = 1.10, p-value = 0.35; Middle-income: RRR = 1.15, p-value = 0.16; High-income: RRR = 1.18, p-value = 0.27) their PA levels than maintain their PA levels compared with the group below or near the poverty level. However, we also found that the group below or near the poverty level was more likely to be classified in the “more increased” category than other income groups (Low-income: RRR = 0.82, p-value = 0.17; Middle-income: RRR = 0.85, p-value = 0.23; High-income: RRR = 0.61, p-value = 0.05). In other words, all income groups tended to increase their PA levels to a certain level and then decrease their PA levels compared to the group below or near the poverty level.
On the other hand, for the PI difference, we found that low-income groups (increased: RRR = 0.74, p-value = 0.00; more increased: RRR = 0.57, p-value = 0.00) were less likely to increase their PI levels than maintain their PI levels compared to the group below or near the poverty level. Interestingly, the middle- (more decreased: RRR = 0.64, p-value = 0.00; decreased: RRR = 0.66, p-value = 0.00; increased: RRR = 0.57, p-value = 0.00; more increased: RRR = 0.35, p-value = 0.00) and high-income groups (more decreased: RRR = 0.37, p-value = 0.00; decreased: RRR = 0.59, p-value = 0.00; increased: RRR = 0.50, p-value = 0.00; more increased: RRR = 0.33, p-value = 0.00) were more likely to maintain their PI levels than decrease or increase their PI levels compared to the group below or near the poverty level.

Education
Individuals without high school diplomas were 0.78 times less likely to decrease their PA levels than maintain their PA levels compared to those with high school diplomas. Although not statistically significant, we found that people without high school diplomas were less likely to decrease their PA (more decreased: RRR = 0.79, p-value = 0.36; decreased: RRR = 0.78, p- value = 0.01) and more likely to increase their PA (increased: RRR = 1.14, p-value = 0.31; more increased: RRR = 1.07, p-value = 0.72) than maintain their PA levels compared to those with high school diplomas. On the other hand, for PI, we found that those without high school diplomas were less likely to increase their PI levels (more increased: RRR = 0.58, p-value = 0.00) than maintain their PI levels compared to those with high school diplomas.

Sex and age
For sex, we found that females were more likely to maintain their PA levels (more decreased: RRR = 0.38, p-value = 0.00; decreased: RRR = 0.65, p-value = 0.00; Increased: RRR = 0.82, p-value = 0.00; more increased: RRR = 0.55, p-value = 0.00) and PI levels (more decreased: RRR = 0.48, p-value = 0.00; decreased: RRR = 0.60, p-value = 0.00; increased: RRR = 0.65, p-value = 0.00; more increased: RRR = 0.59, p-value = 0.00) than increase or decrease their PA levels compared to males. However, we found a different relationship with age. With increases in age, individuals were less likely to decrease their PA levels (more decreased: RRR = 0.72, p-value = 0.00; decreased: RRR = 0.84, p-value = 0.00) and more likely to increase their PA levels (increased: RRR = 1.06, p-value = 0.00; more increased: RRR = 1.11, p-value = 0.00) than to maintain their PA levels. Similarly, with increases in age, people were less likely to decrease their PI levels (more decreased: RRR = 0.85, p-value = 0.00; decreased: RRR = 0.89, p- value = 0.00) and more likely to increase their PI levels (increased: RRR = 1.05, p-value = 0.02) than to maintain their PA levels.

Associations between changes in PA/PI levels and physical disability and/or limitation status
We found that individuals with minimal disabilities were more likely to decrease their PA levels (decreased: RRR = 1.29; p-value = 0.05) than to maintain their PA levels compared to those without disabilities (Table 4). This suggests that the group with the minimal level of disability was 1.29 times more likely to be in the decreased PA group than in the no difference PA group. For PI, we also found that individuals with moderate/severe disabilities were more likely to increase their PI levels (more increased: RRR = 2.25; p-value = 0.02) than maintain their PI levels compared to those without disabilities. This indicates that the group with a moderate/severe level of disability was 2.25 times more likely to belong to the more increased PI group than in the no difference PI group. However, no statistically significant impact was found for those with mild levels of disability (reference group: general population) in either PA or PI levels.


Discussion
Our findings partially support that individuals with disabilities are more likely to reduce their PA engagement level than those without disabilities after their transition from adolescence to young adulthood. To the best of our knowledge, there are no or very limited studies examining PA level changes in people with disabilities between adolescence and adulthood. Additionally, no study has compared changes in PA levels between people with and without disabilities after the transition from adolescence to young adulthood. Our study is the first to provide important evidence indicating that people with disabilities may be more likely to reduce their PA levels than those without disabilities. There are at least two possible explanations for this finding. First, people with disabilities are more likely to face challenges when engaging in any type of PA during adulthood than during adolescence. Current education systems focus on providing students with disabilities more opportunities to interact with their friends [63]. Educators are thus encouraged to help students with disabilities engage in both academic and nonacademic activities to increase interactive experiences with their friends, which consequently brings greater acceptability and involvement of those with disabilities across all activities [64, 65]. However, adults with disabilities would have relatively lower acceptability and involvement after graduating from school. Second, individuals with disabilities are more likely to have physical- and mental health-related illnesses. With increasing age, people are more likely to experience functional limitations due to reduced muscular strength, imbalanced coordination, and joint-related problems, which are harmful for engaging in diverse daily activities [66, 67]. People with disabilities would experience higher chances of experiencing these problems due to their relatively limited physical conditions. Our finding suggests that we may need to allocate more resources to individuals with disabilities after the transition period.
We also found that individuals with moderate/severe disabilities were more likely to increase their PI levels when they transitioned from adolescence to young adulthood compared to those without disabilities. In general, people, regardless of their disability status, tend to have increased their PI time as they get older [68, 69]. However, individuals with moderate/severe disabilities are more likely to have more PI, such as watching television, videos and DVDs and playing computer and video games, than those without disabilities [70]. Our study is well aligned with this result, and our findings further showed that individuals with moderate/severe disabilities were more likely to increase their PI time when they were young adults compared to when they were adolescents. There are at least two explanations for why PI increases with age in individuals with disabilities. First, support for a variety of daily activities for adults with disabilities is relatively lacking compared to that for adolescents with disabilities [71]. Relatively limited support after graduation may prevent people with disabilities from performing PA and, consequently, encourage PI. Second, people's limited understanding of people with disabilities could discourage them from performing PA. People without disabilities often face difficulties when they interact with populations with disabilities. For example, the lack of knowledge of staff in PA settings leads to a disadvantage for older adults with disabilities, who require more appropriate exercise planning and implementation [72, 73]. Contrary to our results, a few studies indicated that there was no clear relationship between PI levels and the severity of disability [74, 75]. We suspect this difference may come from different types of disabilities, as both studies were based on people with intellectual and developmental disabilities.
Furthermore, we found that household income plays a significant role in deciding current PA levels. Our finding showed that individuals across all income groups (i.e., low, middle, high) were more likely to be classified into the “increased” PA level group and less likely to be classified into the “more increased” PA level group than the group below or near the poverty level. This suggests that people within low-, middle-, and high-income groups are more likely to increase their PA levels to a certain degree and then lower their PA levels compared to those in the group below or near the poverty level. This result can be partially supported by previous papers. Giles-Corti et al. (2015) and Kari et al. (2015) found that a high-income level is significantly related to a healthy lifestyle, such as having more PA participation and engagement in other health-related behaviors [37, 76]. Low-income is also regarded as a negative factor limiting daily activities, including PA, due to affordability and accessibility [77]. However, to the best of our knowledge, there have been no studies looking at the impact of income levels on the changes in PA levels from the perspective of the life course. Our study is the first to show evidence that people below or near the poverty level are more likely to spend considerable time over a certain level of PA than people in other income groups when they are young adults compared to when they are adolescents. We suspect this is related to time allocation. A previous study showed that students in financially disadvantaged minority groups reported extensive time spent hanging out with their friends [78]. This behavioral pattern may be maintained after they become young adults, but further research is needed to gain a better understanding of this relationship.
Our findings also indicate that people with high school diplomas are less likely to decrease their PA levels and increase their PI levels. This result is similar to previous studies that reported a positive relationship between PA engagement and education level [79]. We assume that major transitions during early adulthood (e.g., independent living) and related socioeconomic variables (e.g., income level, employment status) played an important role in changing an individuals’ PA pattern [51–53]. However, there is a lack of studies investigating individuals’ education and PI levels. We also found that as people age, they are less likely to decrease their PA and more likely to increase their PI levels. In general, PA levels decrease during the transition from adolescence to young adulthood [80, 81]. A recent review paper written by Hayes et al. (2019) also showed decreased PA and increased PI patterns (e.g., sedentary behavior) from adolescence to young adulthood [82]. There are many variables impacting health behaviors during this critical period that accompany many major changes in social relationships and academic and/or employment status. Future studies need to further examine what factors lead to decreased PA and increased PI levels.
Finally, we showed that females tend to maintain, rather than increase or decrease, their PA and PI levels between adolescence and young adulthood. This result is different from previous studies. Even though there is no consensus on whether females increase or decrease their PA and PI levels over the life course, most papers agree that females tend to change their PA and PI levels rather than maintain them during the transition. Armstrong et al. (2018) indicated that females across all racial and ethnic groups are less likely to maintain their PA levels from adolescence to young adulthood [17]. At the same time, Telama & Yang (2000) showed that boys tended to reduce their PA levels more than girls before 12 years of age [83]. They also reported that girls were more likely to be engaged in PA than boys after 18 years of age. We suspect this difference may come from different research population groups. Our study merely explored the PA and PI patterns targeting comparatively young age groups, excluding the older adult population. Follow-up studies using longer lifetime longitudinal data would further explain the relationship of PA and PI levels with age.
There are multiple future research opportunities. Our study did not compare the changes in PA and PI levels from adolescence to young adulthood between two same socioeconomic status groups (i.e., household income, education, gender) with and without disabilities. We only found that income and education are significantly associated with the changes in PA and PI levels regardless of disability status. Future studies could closely examine the differential impacts of various socioeconomic variables on the changes in PA and PI levels by disability status. For example, one might hypothesize that low-income people with disabilities could have lower PA engagement rates compared to low-income people without disabilities. Similarly, high-education people with disabilities could have higher PA engagement rates than low-education people without disabilities. More specific information on people with lower PA engagement rates would help prioritize resource allocations.
Future studies could also look at whether the type of disability is associated with the level of PA and PI. Previous studies have already found that people with visual impairments tend to have the least PA among people with disabilities [84]. Follow-up studies could separately investigate the level of PA and PI by different types of physical disabilities or limitations such as arm/hand impairment, leg/foot impairment, visual impairment, hearing impairment, and back impairment. In addition, researchers could further examine the relationship between physical disabilities and limitations and the types of PA and PI. In the present study, we only considered the total bouts or time used for all types of PA and PI. However, people with disabilities or limitations would have their own preferences towards different types of PA (e.g., individual sports: walking, roller-skating, bicycling; team sports: baseball, softball, basketball) or PI (e.g., watching television/videos; playing video or computer games).
Furthermore, Follow-up studies could look at other wave datasets to comprehensively understand PA and PI patterns depending on chronological age from adolescence to older adulthood. Next, our study only looked at the relationship between PA/PI levels and physical disability and/or limitation status. PA and PI levels are highly associated with a variety of socioeconomic, demographic, and psychological variables. Follow-up studies could look at other possible relationships between the variables (e.g., self-efficacy) and future PA or PI. Finally, we only quantitatively measured the number of hours spent on PA and PI to understand how disability influences future PA and PI levels. Although our results may suggest a simplified association between changes in PA/PI levels and disability status, our method does not provide a concrete explanation for why people with disabilities had decreased PA and increased PI levels. These questions can only be answered with qualitative studies or studies with mixed methods. More in-depth interviews or surveys are needed in future studies.
The strength of our results presented in this study lies in the use of large national longitudinal adolescent health data that track the same U.S. subjects at multiple points in time. However, there are several limitations in this study. First, our methods calculating PA and PI engagement levels could be less accurate, as Waves 1 and 4 used different types of questions to ask about PA and PI levels. Different questions between two surveys may introduce some errors or uncertainties in the analysis. Nevertheless, our method based on the relative values using SDs, rather than absolute values, may not have changed the relationships significantly. Second, we referred to previous studies to categorize the subjects into several categories based on disability severity. However, this classification method could be problematic, as it considers most types of disabilities as equal. Follow-up studies should apply proper weights to each type of disability to accurately explore the relationships between PA and PI levels accordingly. Third, a 1-week self-recall questionnaire to measure PA and PI levels could be subjective and biased. People’s memory capacity is different by age. This could lead to systematic differences between Wave 1 (adolescence) and Wave 4 (young adulthood) in terms of memory capacity. To overcome this flaw, future studies should use more objective tools, such as GPS, accelerometers, pedometers, and heart rate monitors, which would give more objective measurements on PA and PI levels rather than relying on people’s memories.

Conclusion
We have at least four findings that need to be highlighted in this paper. First, this study partially supports that individuals with minimal disabilities were more likely to decrease their PA levels than those without disabilities during transitions from adolescence to young adulthood. Second, we showed that individuals with moderate to severe disabilities tended to have more PI hours than individuals without disabilities when they were young adults compared to when they were adolescents. Third, people in the low-, middle-, and high-income groups were more likely to increase their PA levels to a certain degree and then lower their PA levels compared to the group below or near the poverty level. Fourth, people with high school diplomas were less likely to decrease their PA levels and more likely to increase their PI levels than their counterparts.
There are at least two practical implications of the study results. We showed that people with disabilities tend to have decreased PA and increased PI engagement between transitions from adolescence to young adulthood. As noted by Block et al. (2007), individuals with physical disabilities and/or limitations often encounter multiple difficulties engaging in regular PA in that regular PA programs in the community generally do not provide fully accommodated programs for individuals with special needs [85]. Relatedly, federal or local governments should allocate more resources to professional development and training opportunities for preservice and in-service professionals who are working in diverse PA settings. Previous literature has already pointed out that staff in general PA settings in the community often lack the knowledge and training to work with populations with disabilities [86], which can result in failing to accommodate individuals with disabilities to have proper PA participation. Through practical training opportunities for these professionals, they can improve their knowledge and confidence in properly accommodating the special needs of individuals with disabilities in diverse PA environments. In the same context, training and/or disability awareness programs could be provided for the general population without disabilities so that they would not have any unfavorable attitudes toward populations with disabilities in PA settings. The literature often describes that there are some prejudices and unfavorable attitudes toward populations with disabilities in diverse PA settings [46, 85, 87].
Second, we revealed that people with disabilities who have low-income and low-education levels were more likely to have reduced PA than their counterparts. As noted by Moran & Martin (2010), there is often a lack of appropriate PA programs for populations with disabilities, which can originate from both financial reasons and a lack of human resources (e.g., a lack of experienced PA professionals working with individuals with special needs) [88]. Support systems for staff members in general PA settings and disability-related specialists, which would help them to more actively participate in diverse PA settings for people with disabilities, could possibly mitigate the health disparities between those with and without disabilities. Furthermore, public health agencies at the state and federal levels could provide free vouchers or transportation for those with low-SES to increase PA and decrease PI.
To ensure PA for all, PA professionals should be trained to have proper knowledge to provide appropriate PA programs to meet the unique needs of individuals with disabilities. Likewise, people without disabilities should better understand people with special needs by participating in trainings such as disability awareness training. At the same time, administrative and policy efforts should be made to solve the problem of access to sports facilities. By doing so, we can mitigate health disparities coming from systematic structures such as the individual and environmental constraints of minority groups.
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In-Home Questionnaire

Parent Survey

Step 1: Physical Disability Score starts at 0

| }

Step 2: Add 1 point for each positive response
1) Having limb difficulties 2) Using equipment 3) Needing personal-care assistance

1) Having limb difficulties?
Do you have difficulty using your hands, arms, legs, or feet because of a
permanent physical condition? (HIPL1)

2) Using equipment?

a) Do you use a cane, crutches, walker, medically prescribed shoes, wheelchair,
or scooter to get around because of a permanent physical condition? (HI1PL5)
b) Do you use a brace for your hand, arm, leg, or foot because of a permanent
physical condition? (H1PL6)

¢) Do you use an artificial hand, arm, leg, or foot? (HIPL7)

3) Needing personal-care assistance

Because of the difficulty in using your hands, arms, legs, or feet, do you need
help from another person when

a) eating (H1PL20)

b) bathing (HIPL21)

¢) dressing (H1PL22)

d) getting on or off the toilet (H1PL23)

e) shopping (H1PL24)

1) Having limb difficulties?

‘What parts of the body are affected by this condition? Mark all that apply.
a) entire right hand (PC60_1); b) fingers of right hand (PC60_2);
¢) entire left hand (PC60_3); d) fingers of left hand (PC60_4);

) upper right arm (PC60_5); f) lower right arm (PC60_6);

g) upper left arm (PC60_7); h) lower left arm (PC60_8);

i) entire right foot (PC60_9); j) toes of right foot (PC60_10);

k) entire left foot (PC60_11);1) toes of left foot (PC60_12);

'm) upper right leg (PC60_13); n) lower right leg (PC60_14);

0) upper left leg (PC60_15); p) lower left leg (PC60_16);

q) back (PC60_17); r) other (PC60_18)

2) Using equipment?

‘What special equipment must {NAME} use as a result of this condition?
[Mark all that apply.]

a) cane (PC62_1); b) crutches/walker (PC62_2);

¢) medically prescribed shoes (PC62_4);

d) manual wheelchair/powered ir/scooter (PC62_5);

e) brace (arm, hand, foot, or leg) (PC62_8); f) other (PC62_10)

3) Needing personal-care assistance

Because of this condition, does {NAME} get help from another person:
a) in eating? (PC61A); b) in bathing? (PC61B);

¢) in dressing? (PC61C); d) in getting on or off the toilet? (PC61D)

L 4

Step 3: Add 1 point If an adolescent (parent) perceives himself/herself (him/her)
as disabled or believes that others so perceive him/her

1)Do you consider yourself to have a disability? (HIPL37)
2)Do you think other people consider you to have a disability? (H1PL38)

1) Do you consider {NAME} to have a disability? (PC53)
2) Would other people consider [him/her] to have a disability? (PC54)

Step 4: Add 1 point If an adolescent has difficulty in walking,
standing, extending, grasping, or holding things

Step 4: Add 1 point If a child has
more than three body parts affected

1) Walking up 10 steps without resting. That is, by yourself and not using aids,
do you have difficulty walking up 10 steps without resting? (H1PL8)

2) (By yourself and not using aids, do you have difficulty...) walking one-
quarter of a mile, or about three city blocks? (HIPL10)

3) (By yourself and not using aids, do you have difficulty...) standing for about
20 minutes? (HIPL12)

4) (By yourself and not using aids, do you have difficulty...) reaching up over
your head, or reaching out as if to shake someone’s hand? (H1PL14)

5) (By yourself and not using aids, do you have difficulty...) using your fingers
to grasp or handle something, for example, picking up a glass? (HIPL16)

6) (By yourself and not using aids, do you have difficulty...) holding a pen or
pencil? (HIPL18)

What parts of the body are affected by this condition? Mark all that apply.
1) entire right hand (PC60_1); 2) fingers of right hand (PC60_2); 3) entire
left hand (PC60_3); 4) fingers of left hand (PC60_4);

5) upper right arm (PC60_5); 6) lower right arm (PC60_6);

7) upper left arm (PC60_7); 8) lower left arm (PC60_8);

9) entire right foot (PC60_9); 10) toes of right foot (PC60_10);

11) entire left foot (PC60_11); 12) toes of left foot (PC60_12);

13) upper right leg (PC60_13); 14) lower right leg (PC60_14);

15) upper left leg (PC60_15); 16) lower left leg (PC60_16);

17) back (PC60_17); 18) other (PC60_18)

L 2

Step 5: Select the higher disability score between In-Home Questionnaire and Parent Survey

| |

Step 6: 1) If adolescents are deaf or blind in one eye, and their original disability scores are 3, we reassigned their scores as 3.
2) If adolescents are blind in one eye and deaf and scores are 4, we reassigned them as 4.
3) If adolescents have lost sight in both eyes and score 5, we reassigned their scores as 5.

| |

Step 7: Because of few number of subjects score 4 and 5, we group them with those in the 3 category
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