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Abstract

Understanding demographic differences in transitions across physical activity (PA) levels is
important for informing PA-promoting interventions, yet few studies have examined these
transitions in contemporary multi-ethnic adult populations. We estimated age-, race/ethnicity-, and
sex-specific 1-year net transition probabilities (NTPs) for National Health and Nutrition
Examination Survey (2007-2012, n=11,556) and Hispanic Community Health Study/Study of
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Latinos (2008-2011, n=15,585) adult participants using novel Markov-type state transition models
developed for cross-sectional data. Among populations with ideal PA (=150 minutes/week;
ranging from 56% (non-Hispanic black females) to 88% (non-Hispanic white males) at age 20),
NTPs to intermediate PA (>0-<149 minutes/week) generally increased with age, particularly for
non-Hispanic black females for whom a net 0.0% (95% confidence interval (Cl): 0.0, 0.2)
transitioned from ideal to intermediate PA at age 20; by age 70, the NTP rose to 3.6% (95% CI:
2.3, 4.8). Heterogeneity in intermediate to poor (0 minutes/week) PA NTPs also was observed,
with NTPs peaking at age 20 for Hispanic/Latino males and females [age 20 NTP=3.7% (95% CI:
2.0, 5.5) for females and 5.0% (1.2, 8.7) for males], but increasing throughout adulthood for non-
Hispanic blacks and whites [e.g. age 70 NTP=7.8% (95% ClI: 6.1, 9.6%) for black females and
8.1% (4.7, 11.6) for black males]. Demographic differences in PA net transitions across adulthood
justify further development of tailored interventions. However, innovative efforts may be required
for populations in which large proportions have already transitioned from ideal PA by early
adulthood.

Keywords
physical activity; minority health; population-based planning

INTRODUCTION

Physical activity (PA) has been linked to prevention of a spectrum of chronic diseases as
well as healthy longevity, compression of morbidity, quality of life maintenance, and
reduced healthcare costs (USDHHS 2008; WHO 2009). Given its widespread benefits, the
American Heart Association (AHA) included PA as a component of cardiovascular health,
relying on the United States Department of Health and Human Services’ 2008 Physical
Activity Guidelines for Americans (USDHHS 2008) to define levels of ideal, intermediate,
and poor PA (Lloyd-Jones et al., 2010). For adults, ideal PA is at least 150 minutes of
moderate PA per week, intermediate is any PA less than 150 minutes per week, and poor is
no PA.

Nationally representative studies suggest that less than half of adults meet the definition of
ideal PA, with 32% of adults classified as having poor PA (Lloyd-Jones et al., 2010). The
prevalence of ideal PA is also known to decline with age and varies by sex and race/ethnicity
(Shay et al., 2012). For example, women have a lower prevalence of ideal PA than men
across all ages, with prevalence differences of 8% for ages 20-64 that rise to 14% after age
64 (Shay et al., 2012). Non-Hispanic white females report at least 10% higher prevalence of
ideal PA than non-Hispanic black females across all ages (Shay et al., 2012). The prevalence
of ideal PA is high [65.2% (95% ClI: 64.0, 66.4)] among Hispanic/Latino adults as compared
with the overall United States adult population, but varies by background with those of
Cuban background having the lowest proportion of ideal PA (Gonzalez et al., 2016).

Given the high prevalence of poor PA, understanding sex- and race/ethnicity- specific
transition patterns between levels of PA, including the ages associated with accelerated loss
of ideal PA, would be useful for planning and targeting PA interventions. Yet, few studies
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have evaluated PA transitions across the life course, reflecting difficulties of conducting
longitudinal studies of PA with comparable assessment protocols in multi-ethnic populations
spanning relevant age ranges. Fortunately, recent advances in statistical methods have
enabled the evaluation of PA net transition probabilities using contemporary cross-sectional
data (van de Kassteele et al., 2012), which provide important population-level information
on the age-specific net increases or decreases in the proportion of the population within a
specific PA category across adulthood. We therefore estimated age-, race/ethnicity-, and sex-
specific PA net transition probabilities for non-Hispanic white, non-Hispanic black, and
Hispanic/Latino adults to identify the ages associated with changes in PA.

We estimated PA net transitions using cross-sectional data from two population-based
studies: the National Health and Nutrition Examination Survey (NHANES) (CDC, 2014)
and the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) (Lavange et al.,
2010; Sorlie et al., 2010). Given the large difference in PA recommendations for children
and adults, the analysis was restricted to adults (age =20) in these populations.

NHANES is a complex, multistage probability sample of the civilian, noninstitutionalized
United States population (CDC, 2013). We combined data from three recent continuous
NHANES cycles (2007-2008, 2009-2010, and 2011-2012) for non-Hispanic black
(n=3,797) and non-Hispanic white (n=7,759) adults at least 20 years of age.

HCHS/SOL is a multi-center, community-based cohort study of n=16,415 self-identified
Hispanic/Latinos aged 18-74 years at baseline (2008-2011) selected through a stratified
two-stage area probability sample of household addresses (Lavange et al., 2010; Sorlie et al.,
2010). Although NHANES over-sampled Mexican-Americans, we chose to focus on
HCHS/SOL (n=15,585) due to its large community-based sample of diverse Hispanic/Latino
backgrounds, facilitating examination of potentially important differences in PA behaviors
among subgroups.

AHA defined an ideal adult PA level as meeting the 2008 Physical Activity Guidelines for
Americans for moderate-to-vigorous aerobic PA (=3 metabolic equivalents) (2008), an
intermediate level as completing some PA but not enough to meet guidelines, and a poor
level as participating in no PA (Table S1) (Lloyd-Jones et al., 2010). Although NHANES
and HCHS/SOL have both self-reported and accelerometry derived PA (Arredondo et al.,
2016; Schuna et al., 2013), we used self-reported data to ensure comparability with the
guidelines, which were based on self-reported data (see Appendix, Supplemental Methods
for further PA measurement and classification details).

Statistical analyses

We used cross-sectional data from NHANES and HCHS/SOL baseline exam along with net
transition probability models proposed by van de Kassteele (van de Kassteele et al., 2012) to
estimate age-, race/ethnicity-, and sex-specific net transition probabilities between ideal,
intermediate, and poor PA for non-Hispanic blacks, non-Hispanic whites, and Hispanic/
Latinos (both overall and by country of origin). These net transition probabilities reflect the
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net flow of the population between PA categories at a given age, thereby allowing use of
cross-sectional as opposed to longitudinal data in calculations. For example, in a cohort of
100 20-year-olds with ideal PA, if 40 individuals transition from ideal to intermediate PA by
age 21 while 15 individuals with intermediate PA transition to ideal PA by age 21, a net 40—
15=25 moved from ideal to intermediate PA at the population level. Thus, the net transition
probability is expressed as this net number divided by the initial population with ideal PA, or
25/100=0.25. In turn, the net flow for intermediate to ideal PA is 0 since more individuals
moved from ideal to intermediate PA than vice versa, making the net transition probability 0.

In order to estimate net transition probabilities, we first estimated predicted smoothed age-,
race/ethnicity-, and sex-specific prevalences of each PA level (van de Kassteele et al., 2012)
using a multinomial logit model (Hosmer and Lemeshow, 2000; McCullagh and Nelder,
1989) and Pspline smoothing (Eilers and Marx, 1996), accounting for genetically-
determined first degree relative family structure (HCHS/SOL) and complex sampling
designs (HCHS/SOL and NHANES) with cluster sampling methods. Smoothing was
implemented to lessen the influence of implausible increases or decreases in the prevalence
of ideal, intermediate, and poor PA between consecutive ages (Figure S1). Details of net
transition probability estimation are available (see Appendix Supplemental Methods).
Finally, we estimated 95% confidence intervals using bootstrapping (1000 samples), wherein
the age-specific prevalence was simulated from its asymptotic distribution and net transition
probabilities were then computed for each simulated prevalence.

We performed several analyses to examine two model assumptions, namely the stability of
net transition probabilities over one-year intervals and the influence of the cost matrix. The
first analysis supported the assumption of stability (Figures S2/S3), showing for example
that the predicted prevalence of ideal, intermediate, and poor PA for 2009-2010 and 2011-
2012 calculated using net transition probabilities based on the 2007-2008 NHANES cycle
closely aligned with the observed prevalence in those years. Additionally, sensitivity
analyses imposing a range cost constraints (Table S2) showed little effect on the estimated
net transition probabilities (Figures S4/S5). Therefore, main results are presented using the
default cost matrix suggested by van de Kassteele.

Finally, we extrapolated our results to the non-Hispanic black and white average 2007-2012
civilian, non-institutionalized United States population and to the 2010 Hispanic/Latino
population within HCHS/SOL community census tracts to estimate the net number of
individuals transitioning between PA levels. Extrapolation was accomplished by multiplying
the age, sex-, and race/ethnicity-specific net transition probabilities (e.qg., ideal to
intermediate) by the prevalence of the initial PA level (e.g., ideal) and the appropriate age-,
race/ethnicity-, and sex-specific population sizes. Statistical analyses were primarily
performed in 2015 using SAS (Cary, NC) with some steps completed in R (Vienna, Austria;
packages IpSolve, MASS, Graphics, and Matrix) (calculating supply and demand inputs)
and STATA (College Station, TX) (Table 1 weighted estimates for HCHS/SOL). This study
was approved by local Institutional Review Boards.
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RESULTS

All race/ethnicity- and sex-specific populations had a median age in the fourth decade of life
and median body mass index (BMI) classified as overweight or obese (BMI =25 kg/m?2)
(Table 1). The prevalence of ideal PA across adulthood ranged from a low of 47.3% among
non-Hispanic black females to a high of 75.3% among Hispanic/Latino males. Yet at age 20,
the age-specific prevalence of ideal PA was similar among males of all race/ethnicity groups
(non-Hispanic black: 82.2% (95% Cl: 76.6, 87.7), non-Hispanic white: 87.7% (84.5, 90.9),
Hispanic/Latinos: 87.3% (84.5, 90.0) but varied among females (non-Hispanic black: 56.0%
(49.2, 62.9), non-Hispanic white: 74.3% (69.3, 79.3), Hispanic/Latinos: 69.9% (65.7, 74.1).
Across adulthood, 17% to 35% of race/ethnicity- and sex-specific groups reported no PA
during leisure, work, or transportation, placing them in the poor PA category.

A similar pattern of increasing ideal to intermediate net transition probabilities with age was
observed for non-Hispanic blacks and non-Hispanic whites, although differences became
more pronounced by mid to late adulthood (Figure 1, Table S3). For example, a net 0.0%
(95% CI: 0.0, 0.2%) of non-Hispanic black females aged 20 transitioned from ideal to
intermediate PA one year later. By age 70, this net transition probability increased to 3.6%
(95% ClI: 2.3, 4.8) as compared with 2.4% (1.8, 3.0) for non-Hispanic white females (Table
S3). Similarly, non-Hispanic black males experienced a low 0.3% (95% CI: 0.0, 0.7) ideal to
intermediate net transition probability at age 20, but this net transition probability rose to a
net 3.0% (2.0, 4.0) by age 70 as compared with 1.6% (95% CI: 1.1, 2.1) for non-Hispanic
white males (Table S3).

In contrast to the pattern of increasing ideal to intermediate net transition probabilities with
age estimated among non-Hispanic blacks and non-Hispanic whites, Hispanic/Latino males
and females experienced minimal increases in the ideal to intermediate net transition
probability with age. Indeed, a net 0.7% (95% ClI: 0.3, 1.2) of Hispanic/Latino females aged
20 with ideal PA transitioned to intermediate PA by age 21 and a similar 0.6% (95% CI: 0.0,
1.5) of Hispanic/Latino females aged 70 with ideal PA transitioned to intermediate by age 71
(Figure 1, Table S3). Despite these overall differences from non-Hispanic blacks and whites,
HCHS/SOL participants displayed heterogeneity by country of origin, with females from the
Dominican Republic and South America and males from Cuba, Puerto Rico, and South
America experiencing patterns more similar to non-Hispanic whites and blacks (Figures S6
and S7).

We also observed population-specific patterning in net transition probabilities from
intermediate to poor PA (Figure 2, Table S3). Non-Hispanic black and non-Hispanic white
females experienced little net movement between intermediate and poor PA levels during
young adulthood, but intermediate to poor net transition probabilities increased beginning at
approximately age 30, reaching a maximum at 70 years of age (e.g., 7.8% (95% CI: 6.1, 9.6)
for non-Hispanic black females) (Table S3). Non-Hispanic black and non-Hispanic white
males experienced a similar pattern of increasing intermediate to poor PA net transition
probabilities with age; however, males of both race/ethnicity groups had higher intermediate
to poor PA net transition probabilities during young adulthood than their female
counterparts, [e.g., 2.9% (95% CI: 0.4, 5.4) for non-Hispanic white males vs. 0.0% (95% ClI:
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0.0, 0.6) for non-Hispanic white females at age 20] (Figure 2, Table S3), although results for
males were notably less precise. In contrast, Hispanic/Latino males and females began with
higher intermediate to poor net transition probabilities in young adulthood [e.g., 3.7% (95%
Cl: 2.0, 5.5) for females at age 20] that decreased with age [e.g., t0 0.0% (95% CI: 0.0, 1.2)
for females at age 70] (Figure 2, Table S3). Similar to non-Hispanic black and non-Hispanic
white males, Hispanic/Latino males also had higher intermediate to poor net transition
probabilities earlier in adulthood than their female counterparts [e.g., Hispanic/Latino
females 3.7% (95% CI: 2.0, 5.5) versus Hispanic/Latino males 5.0% (95% ClI: 1.2, 8.7) at
age 40], although results were again considerably less precise for males (Table S3).

We extrapolated to the civilian, non-institutionalized United States’ population to contrast
the net transition probability by age with the net number of people transitioning to
intermediate and poor PA by age and sex for non-Hispanic blacks and non-Hispanic whites.
In contrast with the net transition probabilities, which increased with age, the net number of
individuals transitioning between ideal and intermediate PA peaked in middle-age for non-
Hispanic blacks and non-Hispanic whites, with net numbers peaking approximately 5 years
earlier for non-Hispanic blacks and 6 years earlier for males (i.e., non-Hispanic black
females peaked at age 55, non-Hispanic black males at age 49, non-Hispanic white females
peaked at age 61, and non-Hispanic white males at age 54) (Figure 3). A similar pattern
emerged for the net transitions from intermediate to poor PA (Figure 3), with the net number
transitioning from intermediate to poor PA peaking approximately 5 years after the peak
ideal to intermediate PA net number for most sex- and race/ethnicity-specific groups.

In contrast, the greatest net numbers of Hispanic/Latinos in the four HCHS/SOL
communities transitioned between ideal and intermediate PA at younger ages than did non-
Hispanic blacks or whites (Figure S8). Likewise, the net numbers of Hispanic/Latinos
transitioning between intermediate and poor PA peaked at younger ages than non-Hispanic
blacks or whites (age 44 for Hispanic/Latino males and age 26 for Hispanic/Latino females)
(Figure S9).

DISCUSSION

Our study used methods proposed by Van de Kassteele (van de Kassteele et al., 2012) with
contemporary, routinely collected data to identify sex and racial/ethnic differences in the
patterning of PA net transition probabilities throughout adulthood. This method overcomes
difficulties of longitudinal data collection and the potential for cohort effects to influence
transitions calculated from longitudinal data (Anderssen, 1996). Patterns of PA net transition
probabilities were similar among non-Hispanic blacks and whites, exhibiting a general trend
of increasing ideal to intermediate and intermediate to poor net transition probabilities with
age, although the magnitude varied by group. However, Hispanic/Latinos experienced a very
different pattern, particularly for intermediate to poor transitions, which were high in young
adulthood but diminished with age.

Given current low levels of ideal PA among adults (LlIoyd-Jones et al., 2010), examination of
PA trends throughout adulthood is warranted. Although calculating individual-level
transitions over the life course is possible with decades of longitudinal research, this is
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expensive, time-consuming, and burdensome for participants as well as potentially biased
due to changing PA measurement techniques over time. Most existing studies of longitudinal
patterns of adult PA evaluated short timespans, which do not allow consideration of changes
across the entire age spectrum. For example, the Australian Longitudinal Study on Women’s
Health followed a cohort of middle aged (45-50 at baseline) and older women (70-75 at
baseline) and reported longitudinal changes in self-reported PA over four years (Brown,
2007). This study found that 34% and 23% of middle-aged and older women, respectively,
maintained ideal PA over all 4 years while 26% and 17% increased their PA and 18% and
26% decreased PA. In the Coronary Artery Risk Development in Young Adults Study
(CARDIA), seven-year changes in self-reported PA were observed among those aged 18-30
at baseline, although the measure of PA used is not comparable to the AHA definitions of
ideal, intermediate, and poor PA (Anderssen, 1996). Nonetheless, the CARDIA results
suggested that while PA score tracked moderately over the seven years of follow-up,
substantial decreases in PA were observed in this young adult population.

When extrapolated to the United States’ population, the peak net loss of individuals from
more ideal PA states occurs earlier in adulthood for non-Hispanic blacks and males than
their non-Hispanic white and female counterparts. While this might be expected for males,
who have a higher prevalence of ideal PA at younger ages and thus a larger proportion of the
population eligible to transition away from ideal PA than females, non-Hispanic blacks
already begin with lower prevalence of ideal PA than non-Hispanic whites in young
adulthood. Although this study did not examine the effects of participant-specific PA
trajectories on health outcomes, the observed low prevalence of ideal PA in young non-
Hispanic blacks combined with earlier peak net loss of ideal PA place non-Hispanic blacks
at risk of extended exposure to inadequate PA, potentially contributing to heath disparities
experienced by this population. Ultimately, non-Hispanic black females, who both start with
the lowest prevalence of ideal PA at age 20 and attain the highest ideal to intermediate PA
net transition probability, seem to be at greatest need of targeted interventions for initiating
and maintaining ideal PA. Future studies may examine how demographic-specific PA
trajectories relate to health outcomes, potentially providing information on when
demographically-targeted PA interventions should be implemented to reduce specific
negative health outcomes.

The Community Preventative Services Task Force (CPSTF) recommends several categories
of evidence-based PA interventions including social-behavioral, informational, and
environmental/policy approaches (CPSTF, 2014; Kahn et al., 2002). Several specific types of
interventions were considered effective at increasing PA including point of decision
prompts, community-wide campaigns, social support in communities, individually-adapted
health behavior change strategies, and enhanced access to places for PA combined with
informational outreach activities (CPSTF, 2014; Kahn et al., 2002). In all cases, the CPSTF
indicated that these specific types of interventions are thought to be effective in diverse
populations as long as the intervention is tailored to a specific target population. In some
cases, the suggestion of tailoring was based on demonstrated effectiveness in studies of
specific demographic populations and in others by evidence that generic interventions
applied to heterogeneous groups became effective only after they were tailored.
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Understanding the age-, race/ethnicity-, and sex-specific patterning of changes in PA can
therefore be combined with CPSTF recommendations to identify specific subgroups in need
of tailored interventions. For example, our results suggest that non-Hispanic blacks may be
in particular need of interventions tailored to maintain ideal PA across the life course. On the
other hand, Hispanic/Latino females may need tailored interventions to reduce movement
between intermediate and poor PA during young adulthood. While non-Hispanic blacks and
whites of both sexes may benefit from interventions that reduce movement from
intermediate to poor PA, males would particularly benefit from interventions during young-
adulthood when their net transition probabilities are greater than those for females. All age-,
race/ethnicity-, and sexspecific groups need interventions designed to improve poor PA,
suggesting that interventions targeted not only at traditional demographic groups but also at
those with specific levels of PA would be appropriate. Further, the high burden of non-ideal
PA at the population level may be difficult to impact with currently developed interventions
reviewed and recommended by CPSTF, many of which can only be implemented on a small
scale. Therefore, innovative interventions may need to be developed to attain population-
level improvement in PA. Study limitations

Although the method used in this study is innovative and has several strengths, limitations
should be discussed. First, using the AHA definitions to classify PA complicates the ability
to understand PA net transitions across the entire life course given differences in
recommendations for adults and children. Second, classification of PA relied on self-
reported PA, which has known limitations of recall and social-desirability bias. We focused
on self-reported measures as opposed to accelerometry data as the guidelines on which PA
classification was based were established using self-reported data, and these guidelines are
not well-suited for PA derived from accelerometry (Thompson et al., 2016). While our
results for non-Hispanic blacks and whites are generalizable to the civilian, non-
institutionalized United States’ population, our results for Hispanic/Latinos are generalizable
to the four HCHS/SOL communities. Nevertheless, the HCHS/SOL study allowed us to
examine net transition probabilities among groups with differing countries of origin,
capturing potentially important behavior differences in Hispanic/Latino populations. Finally,
calculation of net transition probabilities relied on the assumption of stability of the net
transition probabilities over time, limiting estimation to one-year net transitions. Longer net
transitions would require use of longitudinal data or stronger, untested assumptions (e.g.,
that net transition probabilities remained stable across longer periods).

Some of the largest differences in PA net transition probability patterns were observed
between Hispanic/Latinos (data provided by the HCHS/SOL study) and non-Hispanic blacks
and whites (data provided by the NHANES), potentially suggesting that race/ethnic-specific
differences were instead reflective of study-specific differences. Yet, previous research in
other cohorts (Joseph et al., 2016; Willey et al., 2010; Hsia et al., 2005) has demonstrated
differences in PA patterning in adulthood by Hispanic/Latino ethnicity, and HCHS/SOL
investigators used PA questionnaires that were nearly identical to NHANES questionnaires,
reducing the potential for systematic study-specific differences in PA assessment. Further,
leveraging data from the HCHS/SOL allowed us to expand inference in Hispanic/Latinos to
include several subgroups poorly represented in NHANES (e.g. Cubans, Puerto Ricans,
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Dominicans, and South Americans), potentially increasing generalizability of study findings
to the broader Hispanic/Latino population.

CONCLUSIONS

Ultimately, this study suggests age-, race/ethnicity, and sex-specific patterning of the loss in
ideal and intermediate PA across adulthood, with several important groups identified for
targeted interventions at different ages. Non-Hispanic blacks and males experienced peak
population shifts at least five years earlier in life than did non-Hispanic whites and females,
respectively; however non-Hispanic black females were identified as the group potentially in
greatest need of PA interventions. Hispanic/Latinos experienced very different net transition
patterns from non-Hispanic blacks and whites, with the largest net transition probabilities
found early in adulthood instead of increasing with age. Finally, all groups may be in need
of innovative interventions to reduce population level burden of poor PA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Demographic differences justify development of tailored PA interventions

Black females particularly need interventions to maintain ideal PA throughout
life

All populations need interventions to improve poor PA across adulthood
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1 Year Net Transition Probability (95% Confidence Interval)
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Figure 1.
Age-Specific Ideal to Intermediate Physical Activity Net Transition Probabilities by Race/

Ethnicity and Sex Estimated From N=3,797 Non-Hispanic Black and N=7,759 Non-
Hispanic White 2007-2012 NHANES Participants and N=15,585 Hispanic/Latino 2008—
2011 HCHS/SOL Participants.
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Figure 2.
Age-Specific Intermediate to Poor Physical Activity Net Transition Probabilities by Race/

Ethnicity and Sex Estimated From N=3,797 Non-Hispanic Black and N=7,759 Non-
Hispanic White 2007-2012 NHANES Participants and N=15,585 Hispanic/Latino 2008—
2011 HCHS/SOL Participants.

Prev Med. Author manuscript; available in PMC 2018 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Holliday et al. Page 15

12000
10000
8000
6000
4000
2000
0

Number

A. ldeal to Intermediate B. Intermediate to Poor
P 2000
090/ Ao,
%ﬂp\,n::; oo, oooc"' \’b"p“ooo%w%o
b oo, oo — < = Non-Hispanic White Female
%0 QOQWQO ggafgﬁnd] ﬂ%huuu
I%“"‘cnc,ﬁ,“c. q’(’;‘g Rﬁ%wq - o = Non-Hispanic White Male
mwﬁﬁg"o" Y ,,u""wja P
° mmmummﬂﬂfapop"o —— Non-Hispanic Black Female
ww W
—=— Non-Hispanic Black Male
20 30 40 50 60 70 80 20 30 40 50 60 70 80

Age Age

Figure 3.
Net Non-Hispanic Black and Non-Hispanic White Civilian, Noninstitutionalized United

States’ Population Sizes Transitioning from Ideal to Intermediate and Intermediate to Poor
Physical Activity in One Year.
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