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OBJECTIVES: To examine the relationship between time
spent in light physical activity (LPA) and in moderate to
vigorous physical activity (MVPA) and the pattern of accu-
mulation on the risk for major mobility disability (MMD)
in a large multicenter study of physical activity (PA) and
aging, the Lifestyle Interventions and Independence for
Elders (LIFE) study.
DESIGN: Data were collected from individuals randomized
to a PA intervention as part of the LIFE study, an eight-
center single-blind randomized clinical trial conducted
between February 2010 and December 2013.
SETTING: Lifestyle Interventions and Independence for
Elders Study
PARTICIPANTS: Older adult participants (78.4 years;
N = 507) at risk for MMD.
INTERVENTION: All older adults included in these ana-
lyses were randomized to a structured PA intervention that
included two center-based plus three to four home-based
exercise sessions per week with a primary goal of walking
for 150 minutes weekly. Participants attended the interven-
tion for 2.5 years on average.
MEASUREMENTS: MMD was defined as the inability to
complete a 400-m walk within 15 minutes and without assis-
tance. Physical function was assessed via the Short Physical
Performance Battery (SPPB). Actigraph accelerometers were
used to quantify amount and variability in LPA and MVPA.
RESULTS: In an adjusted Cox proportional hazards regres-
sion, we identified a significant interaction (P = .017)

between SPPB score and LPA amount and variability such
that more LPA was associated with a reduced risk for
MMD among those with higher initial function, as was
lower variability (eg, via distributing LPA across the
day). The SPPB × MVPA interaction was significant
(P = .04), such that more MVPA was associated with
lower MMD risk among those with lower function.
Finally, greater MVPA variability was associated with
lower risk for MMD.
CONCLUSION: A prescription of PA for older adults
should account for key factors such as physical function
and emphasize both amount and pattern of accumulation
of PA from across the intensity continuum. J Am
Geriatr Soc 00:1-8, 2020.
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Impaired mobility, a key marker of physical disability, is
critical to the loss of functional independence as people

age.1,2 More than 2 decades ago, reviews concluded that
physical inactivity was the strongest single predictor of
physical disability in aging.3,4 Conventionally, physical
activity (PA) research has focused on structured exercise, or
discrete bouts of purposeful moderate to vigorous intensity
physical activity (MVPA) (>3.0 metabolic equivalents
[METs]). Although the health benefits of regular MVPA are
well established,5 interest in light physical activity (LPA)
has increased in recent years. This is particularly important
for older adults because LPA may be less aversive and more
attainable than more intense activity, especially for those
who are frail or pre-frail.6,7 The purpose of the present
study was to examine the relationship between time spent
in LPA and MVPA and the pattern of accumulating these
activities on the risk for major mobility disability (MMD)
among older adults with compromised physical function
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who participated in the Lifestyle Interventions and Indepen-
dence for Elders (LIFE) study.8

PA is beneficial in improving mobility-related physical
disability,9,10 with a number of randomized controlled trials
(RCTs) showing that structured exercise improves mobility,
even among older adults with severe chronic health condi-
tions.11-13 As such, the health-promoting effects of MVPA
are endorsed by institutions such as the American College
of Sports Medicine14 and the World Health Organization.15

In 2014, Pahor and colleagues published the results of the
LIFE study, a multicenter RCT comparing a PA program
involving the promotion of MVPA with a health education
(HE) intervention on MMD among older adults who were
frail or pre-frail. They found that participants in PA had a
lower 2-year incidence of MMD than those in HE.8 A sub-
sequent publication reported that those participants classi-
fied as achieving the highest quartile for change in MVPA
had the greatest reduction in risk for MMD. Interestingly,
the lower bound of MVPA duration for the fourth quartile
was quite modest at just 43 minutes per week.16

In recent years, interest has been increasing in PA that
falls below the threshold for MVPA. For example, whereas
the first edition of the PA Guidelines for Americans rec-
ommended between 150 and 300 minutes per week of
MVPA lasting at least 10 minutes per bout, the recent sec-
ond edition encourages increasing both MVPA and LPA.
Of note is that within the LIFE study, we observed that as
many as 25% of participants were unable to reach the
accelerometry-defined threshold for MVPA during center-
based exercise sessions,7 and they often had to stop and rest
or were unable to sustain the MVPA threshold for an
extended period of time; their activity was highly variable.
Moreover, the second edition of the guidelines removed the
recommendation that activity persist for at least 10 minutes,
reflecting a growing interest in the effect of not only the
amount of PA on health but also the pattern in which it is
accumulated. For instance, does participating in LPA or
MVPA frequently throughout the day have different health
effects as compared with fewer, longer bouts of the
behaviors?

The objective of the current study was to examine the
relationships between the amount and variability in both
MVPA and LPA on subsequent risk for MMD among at-
risk older adults who participated in the PA intervention of
the LIFE study.8 We first examined relationships between
the amount and variability in MVPA with MMD. We
hypothesized a dose-response effect indicating that partici-
pating in more MVPA would be associated with lower risk
for MMD, although this effect would be small because all
individuals participated in a program that targeted increas-
ing MVPA. We also expected that greater variability in
minutes per hour of MVPA (reflecting fewer, longer bouts
of MVPA relative to lower variability) would be associated
with reduced risk. Regarding LPA, we hypothesized that
greater volume would be associated with lower risk for
MMD and that, across individuals, a more distributed pat-
tern of movement (ie, lower variability) would be associated
with lower risk. Lastly, we explored potential interactions
between differences in basic levels of physical functioning
as assessed by the Short Physical Performance Battery
(SPPB) with metrics for MVPA and LPA, because previous
publications suggested that lower functioning individuals

benefit most from the intervention,8 engage in high levels of
sustained sedentary behavior,17 and are uniquely challenged
in their ability to meet accelerometer cut points for MVPA
specific for older adults.7

METHODS

Design and Participants

Data were collected from individuals randomized to a PA
intervention as part of the LIFE study, an eight-center
single-blind RCT that was conducted between February
2010 and December 2013 (detailed procedures are
described in Fielding et al18). LIFE examined the effect of a
long-term structured exercise intervention on transition to
MMD (ie, inability to walk 400 m) among those able to
walk 400 m at baseline. Participants were required to have
an SPPB score of 9 or lower of 12 (45% had SPPB <8). Eli-
gible individuals were 70 to 89 years of age, low to active
(<20 min/wk of structured PA; <125 min/wk MVPA over
last month), able to walk 400 m in less than 15 minutes,
without major cognitive impairment, and able to participate
safely in the PA intervention as determined by medical his-
tory, electrocardiogram, and physical examination. The PA
intervention was well tolerated, as supported by a median
attendance rate of 71% across nearly 2 years including
medical leave. Additionally, those in the intervention condi-
tion engaged in an additional 40 minutes per week of
MVPA at month 6 that was maintained at 12 and
24 months.8

Randomization

Participants were randomized to receive PA or a HE control
group, and randomization was stratified by field center and
participant sex. All participants received an orientation
appointment with a health educator, at which point they
reviewed their randomization assignment and clarified any
outstanding questions. Because our goal in the current
study was to examine how amount and variability of
MVPA and LPA relate to risk for MMD, we restricted our
analyses to participants randomized to the PA intervention.

PA Intervention

The focus of the PA intervention was on aerobic PA via
walking, with a goal of 150 weekly minutes of MVPA
paired with brief balance, flexibility, and lower body
strengthening exercises. Participants aimed to engage in
exercise 5 to 6 days per week including two weekly center-
based exercise sessions. For the first 2 to 3 weeks of train-
ing, participants progressed from exercising at a light
intensity to a rating of perceived exertion19 of 13 out of
20 during walking, and 15 to 16 out of 20 during strength
training (ClinicalTrials.gov identifier NCT01072500).18

Measures

Major Mobility Disability

Our dichotomous outcome measure was onset of MMD,
defined as the inability to complete a 400-m walk test
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within 15 minutes without assistance. This test was com-
pleted before randomization and again at 6-month
intervals.

Actigraphy

Participants wore a GT3X accelerometer (Actigraph, Pensa-
cola, FL) on the right hip during waking hours (except
while bathing or swimming) for 1 week at baseline and at
the 6-, 12-, and 24-month visits. Data were processed in
ActiLife (v.4.4.1), using the Choi20 algorithm to classify
non-wear time. Specifically, periods of 90 consecutive
minutes with zero counts per minute (CPM), allowing for a
1-minute spike tolerance, were classified as non-wear. Par-
ticipants with at least 3 days of at least 600 minutes of wear
were retained in analyses. Sedentary was defined as less
than 100 CPM, LPA was defined as 100 to 1041 CPM, and
MVPA was defined as more than 1040 CPM.21

Because low-functioning older adults often achieve
MVPA at intensities below conventional accelerometer cut
points for MVPA, we ran an additional sensitivity analysis
in which 100 to 760 represented LPA and more than
760 classified MVPA.7,22,23 Average daily minutes of LPA
and MVPA were computed across valid days. Daily vari-
ance in minutes per hours of LPA and MVPA were com-
puted and averaged across valid days before a square root
transformation was applied.24 This measure provides
insight into the distribution of movement during the day, as
illustrated in Figure 1 where the profile marked with the
solid line and the profile denoted by the dashed line repre-
sent different LIFE participants with similar minutes of
daily LPA (solid = 7.97 min/h; dashed = 8.01 min/h), but
relatively high (solid = 9.87) and low (dashed = 3.93) vari-
ability in LPA. Here, profile A (high variability) engages in
fewer but longer bouts of LPA, with lengthy daily periods
with little LPA, and profile B (low variability) frequently
maintains approximately 5 to 20 minutes per hour of LPA
during waking hours.

Analyses

We explored relationships between amount and variability
in both MVPA and LPA and risk of MMD using a series of
Cox proportional hazards regression models that incorpo-
rated these activity measures as time-dependent covariates
(ie, updating the accelerometry variables at 6-, 12- and
24-mo intervals) using time until the initial occurrence of
MMD as the dependent variable. Each model controlled for
baseline sex (as a stratifying factor for the baseline hazard),
age, body mass index (BMI), race, history of high blood
pressure, cardiovascular disease, lung disease, and osteoar-
thritis. We first fit a model for MVPA that included the
three-way and lower order interaction terms between base-
line SPPB classified as frail (scores ≤7) or pre-frail (scores
8-9),24 amount and variability of MVPA, and all covariates.
The highest order interaction terms with P < .05 via likeli-
hood ratio tests, and associated lower order interactions,
were retained. Next, this model-building process was
repeated for LPA, log-transformed due to skewness. In our
final model we included all previously identified LPA and
MVPA amount and variability terms with P < .05.

RESULTS

Of the 14 831 individuals assessed for eligibility, 818 were
randomized to PA (Figure 2; participant description pro-
vided in Table 1). Following accelerometer data cleaning
procedures, 507 individuals had accelerometer data at base-
line (7.5 d on average) and follow-up MMD data and were
included in the analyses. Of these, updated activity informa-
tion was obtained at month 6 on 354 participants (6.6 d on
average), 406 at month 12 (6.9 d on average), and 382 at
month 24 (6.9 d on average). Baseline participant charac-
teristics of this group were previously reported (Fanning
et al,24 Table 1 of citation 24) and reveal that the average
age and BMI were 78.4 years and 30.4 kg/m2, respectively,
with 64% women and 26% from minority racial groups.
Included participants had a median follow-up time for
MMD (time until censoring or an event) of 2.5 years,
291 were categorized as pre-frail, and 144 were determined
to have MMD at least once during follow-up.

Results for all Cox proportional hazards models are
provided in Table S1. In the preliminary model (amount
and variability of MVPA, SPPB frailty classification), there
was no significant three-way interaction (P = .64). After
removal of nonsignificant (P > .05) higher order interac-
tions, there remained a two-way interaction between the
amount of MVPA and baseline SPPB (P = .017), and a main
effect for variability (P = .058; hazard ratio [HR] = .81;
95% confidence interval [CI] = .64-1.00) of borderline sta-
tistical significance. For frail individuals, more MVPA was
associated with a lower risk of MMD (HR = .61 for a
1-min/h difference; 95% CI = .31-1.08); whereas among
pre-frail individuals, more MVPA was associated with an
elevated risk (HR = 1.12 for a 1-min/h difference; 95%
CI = .70-1.70). Our model that included main effects for
amount and variability in LPA, SPPB classification, and all
relevant interaction terms revealed a significant three-way
interaction term (P = .003) that we explored further in the
final full model

Figure 1. Two individuals with similar average daily minutes
of light physical activity (LPA) and high (solid line) vs low
(dashed line) LPA variability.
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Figure 2. Participant flow. 1Participants who did not receive the allocated intervention (ie, attended no intervention sessions).
2Discontinuation of the intervention was operationalized as participants who did not attend at least one intervention session during
their last 6 months of follow-up before the last planned follow-up visit date. Deaths and intervention withdrawals are included in
these numbers. MMD, major mobility disability.

Table 1. Participant Characteristics

Baseline characteristic

Event classification
Comparison of event groups

P value Overall (n = 507)No MMD event (n = 363) MMD event (n = 144)

Age, y, mean (SD) 78.1 (5.09) 79.4 (5.74) .01 78.4 (5.31)
Sex, female, n (%) 234 (64.5) 92 (63.9) .90 326 (64.3)
Race/ethnicity, non-Hispanic white, n (%) 26 (72.7) 109 (75.7) .26 373 (73.6)
Education, some college, n (%) 248 (68.3) 82 (56.9) .04 330 (65.1)
SPPB total score, mean (SD) 7.7 (1.45) 6.9 (1.66) <.001 7.47 (1.56)

SPPB ≤7, yes, n (%) 133 (36.6) 83 (57.6) <.001 215 (42.6)
400 m walk speed, m/s, mean (SD) .87 (.15) .74 (.16) <.001 .83 (.16)
BMI, mean (SD) 30.1 (5.52) 31.0 (6.70) .12 30.4 (5.89)
History of hypertension, yes, n (%) 247 (68.6) 103 (72.5) .39 350 (69.7)
History of CVD, yes, n (%) 87 (24.0) 58 (40.3) <.001 145 (28.6)
History of lung disease; yes, n (%) 65 (18.1) 16 (11.1) .06 81 (16.1)
History of arthritis, yes, n (%) 62 (17.2) 25 (17.4) .96 87 (17.2)

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; MMD, major mobility disability; SPPB, Short Physical Performance Battery.
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The final model included amount and variability of
MVPA plus their interaction, as well as LPA amount, vari-
ability, amount × variability, and SPPB × amount ×
variability. Here, conclusions from the MVPA amount ×
SPPB interaction and variability terms were essentially
unchanged, and results for LPA were similar to the model
without MVPA. Specifically, the baseline SPPB × LPA
amount × LPA variability interaction retained statistical sig-
nificance (P = .02). This interaction is depicted in Figure 3,
with the upper panel depicting frail individuals and the
lower panel depicting pre-frail individuals. LPA amount is
depicted on the x-axis and variability on the y-axis.

All plots provide HRs (obtained by back-transforming
the log-transformed LPA values) for a 1-unit difference on
each axis at selected values of the other axis (eg, a 1 min/h

difference in amount at a specific level of variability). As
depicted in the interaction plot, for frail participants, both
amount and variability in LPA were minimally related to
risk for MMD. Among pre-frail participants who were
engaging in very little LPA, there was a risk reduction for
greater amount and variability of LPA. At higher amounts
of LPA, adding more movement had little effect on risk.
However, for these higher active, higher functioning partici-
pants, lower variability was associated with a risk reduc-
tion. Finally, our sensitivity analyses using a lower
threshold for MVPA (ie, 760 CPM) did not differ meaning-
fully from the results presented here, except that findings
related to variability in higher functioning individuals
appeared amplified (Figure S1 and Table S2).

DISCUSSION

It is important to place our results in the context of the
LIFE sample and PA intervention. Participants were 70 to
89 years of age, obese, and physically compromised (SPPB
≤9; average gait speed during 400-m walk of .83 m/s) at
baseline. They had multiple comorbidities, and none had
major cognitive impairment. The structured PA sessions
were individualized and progressed toward a goal of
30 minutes of daily walking at a moderate intensity,
10 minutes of primarily lower extremity strength training
by means of ankle weights, and 10 minutes of balance
training/large muscle group flexibility exercises.18 Notably,
only 25% of participants in the LIFE study were able to
reach a common cut point specific for older adults for
MVPA during the adoption phase of training.7 Moreover,
many participants had to take a break during exercise.6

Thus when older adults who are either frail or pre-frail
exercise, they frequently engage in what clinicians would
traditionally conceptualize as LPA or non-exercise PA (ie,
brief bouts of oftentimes slow walking).25

We would like to emphasize here that even this move-
ment that appears low in intensity is likely to fall within the
individual’s true moderate to vigorous range (ie, >3.0
METs). Older adults with limited function may achieve 3.0
METs at walking speeds as slow as 1.5 mph that falls well
below what is characterized as LPA in the current PA guide-
lines.22,25,26 We illustrate this point in Figure 4, which
shows changes in CPM the first 6 months of the interven-
tion by SPPB category. Those with lower SPPB scores
increased activity in lower intensity bouts compared with
those with higher function.

Finally, older adults are prone to serious health events.
Within the PA group of the LIFE study, 48.4% of partici-
pants had a hospitalization unrelated to the intervention. A
total of 58.6% went on medical leave at least once with a
median length of 49 days (interquartile range [IQR] = 21-140
d).8 Mobility was often limited following this leave, and
interventionists had to focus on strength and balance to
assist the participant in returning to extended bouts of
walking. Only 14.5% (5.9% due to death) of participants
dropped out or were unable to continue with the interven-
tion and complete the final assessments. In sum, these were
resilient older adults challenged by compromised function
and comorbidities, engaging in an intervention composed of
aerobic MVPA paired with LPA and strength and balance
training as needed.

Figure 3. Difference in risk for major mobility disability of a
1-unit higher level of variability at different amounts of light
physical activity (LPA) (vertical lines). The figure also shows
the difference in risk associated with a 1 min/h higher level of
amount at different levels of variability in LPA (horizontal
lines) among those with a Short Physical Performance Battery
(SPPB) score of 7 or lower (bottom panel) and an SPPB score
of 8 to 9, extracted from a model including all activity predic-
tors. Variability hazard ratios (HRs) are shown at selected
values of 6 vs 5, 9 vs 8, and 11 vs 10; number of HRs are
shown at selected values of 7 vs 6 min/h, 13 vs 12 min/h, and
17 vs 16 min/h. Red dots represent activity measurement inter-
vals followed by MMD events. HRs for LPA were obtained
through back-transformation from models generated using log-
transformed values of LPA.
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Here we investigated the extent to which the amount and
variability in both MVPA and LPA were associated with the
development of MMD. Our results made clear that the rela-
tionship between PA and MMD must be viewed through the
lens of function. What follows is a discussion of findings for
pre-frail (ie, SPPB = 8-9) and frail (ie, SPPB ≤7) individuals.

Structuring Movement Interventions for Pre-Frail Older
Adults

Data from the National Health and Aging Trends study
(N = 4377)27 indicate that as many as 14.6% of older
adults aged 65 to 69 years are pre-frail (SPPB = 8-9). Func-
tional scores decrease with age such that 77.2% of those
aged 90 or older qualify as frail, and an additional 12%
are pre-frail. For pre-frail individuals, “move more, more
often” appears a good recommendation for reducing risk
for MMD. Interestingly, counter to our hypothesis and to
an analysis of the overall study sample,16 additional
minutes of MVPA were associated with a small increase in
risk for MMD, a phenomenon described in prior LIFE study
publications and perhaps attributable to increased risk for
injury.8 Both pre-frail and frail participants demonstrated
benefit from more sustained bouts (ie, higher variability) of
MVPA, suggesting those most capable of adhering to the
intervention had a generally lower risk for MMD.

In line with our hypothesis, greater LPA was associated
with lower risk for MMD among members of this group
with very low levels of LPA, an effect that held when con-
trolling for participation in MVPA. Thus for pre-frail indi-
viduals who engage in low levels of LPA, clinical
recommendations should first emphasize “moving more” to
increase LPA. Recommended activities might include a vari-
ety of lifestyle behaviors such a frequent leisure walks and
engaging in hobbies that challenge a variety of functional
abilities. Once a greater total volume of LPA has been
achieved, recommendations can be made to “move more
often” by engaging in frequent bouts of LPA and MVPA
throughout the day to maintain a high volume of movement

with reduced variability. In sum, pre-frail older adults are
likely to benefit from recommendations emphasizing greater
volume in movement throughout the day paired with daily
participation in MVPA.

Structuring Movement Interventions for Frail Older
Adults

Our findings for frail participants highlighted unique
challenges for both the assessment and promotion of
health-promoting PA among this group. Nationally, less
than one-third of older adults younger than 80 years fall in
this category, but this number rises quickly with increasing
age.27 Poorer functional status places individuals at a
greater risk for mobility disability and acts as a powerful bar-
rier to engaging in MVPA.28 Thus a key first step in exercise
prescription for frail older adults should be the development
of strength and balance to support and foster improved
mobility.29 Our experience in the LIFE study following
return from medical leave due to acute health events sup-
ports this position. Then as older individuals find they are
more capable of MVPA, recommendations should focus on
accumulating a larger daily volume of MVPA, recognizing
that we are talking about a low criterion for defining MVPA.
It is intriguing to note there were no MMD events observable
in individuals engaging in very high levels of LPA (Figure 3).
It may be that older adults with a high degree of functional
impairment benefit from a high volume of this behavior.

Integrating Function-Oriented Prescriptions into a
Movement Medicine Framework

Our results add to a building “movement medicine” approach
to PA prescription for older adults, one that considers the
individual’s specific needs and desired outcomes when
crafting clinical activity recommendations. Unfortunately,
there are numerous barriers to prescribing PA in the clinic
including lack of time and inadequate training on the com-
plexities of traditional approaches to activity prescription

Figure 4. Change in accelerometer counts per minute (CPM) (median difference per day) in the first 6 months of the intervention
by the Short Physical Performance Battery (SPPB) score.
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that has resulted in very low PA counseling rates.30 There-
fore, we have provided a simple stepwise process for clini-
cians prescribing PA to older adults with compromised
function (Figure S2). For low-active older adults who present
with difficulty ambulating, we suggest focusing first on devel-
oping strength and balance. The next biggest return recom-
mendation would focus on the accumulation of more daily
MVPA that can be done in brief bouts (eg, climbing a flight
of stairs) to minimize task aversion. At this point, a shift in
moving more via LPA is warranted. Finally, once individuals
are doing a modest amount of PA across the full intensity
continuum, one may focus on moving more often, allowing
the individual to accumulate movement while guarding
against the ill effects of sustained sitting.

Strengths and Limitations

This study leveraged a relatively large sample of older adults
who had varied levels of compromised function recruited
across a wide geographic area. We used a statistical
approach that allowed for the modeling of the relationship
between PA and MMD over time and included a lengthy
follow-up period. A key limitation to this study was that the
PA intervention was not designed to affect lifestyle LPA. As
such, although we controlled for several baseline com-
orbidities, it may be that our analyses highlighted healthy
individuals who were capable of engaging in more lifestyle
movement. Future interventions attempting to directly
manipulate both the amount and patterning of PA are
warranted. Additionally, our model used the most recent
accelerometer value to predict subsequent MMD risk. Due
to having only three activity assessments, some predictions
may be based on an individual’s baseline PA levels alone. As
a sensitivity analyses, we reran our models with only individ-
uals with baseline and at least one follow-up assessment that
reduced our sample size by 17 and had no meaningful effect
on MMD risk. Fortunately, accelerometers are becoming eas-
ier to wear, and future research should consider replicating
our analyses using more robust PA data sets.

In conclusion, PA is a vital health-promoting behavior
for maintaining physical functioning and an independent
lifestyle. For older adults at high risk for MMD, our find-
ings underscore the importance of a tailored approach to
PA promotion. At present, the necessary behavior change
techniques that can effectively bring about a distributed pat-
tern of movement are unknown, and we believe this repre-
sents an important path forward for research on promoting
quality of life as individuals age.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article.

Figure S1: Utilizing 760 as the cut point for moderate
to moderate to vigorous physical activity (MVPA), the dif-
ference in risk for major mobility disability (MMD) that a
1-unit higher level of variability has at different amounts of
light physical activity (LPA) (vertical lines), and difference
in risk associated with a 1-min/h higher level of amount at
different levels of variability in LPA (horizontal lines)
among those with a Short Physical Performance Battery
(SPPB) score of 7 or lower (bottom panel) and SPPB score
of 8 to 9, extracted from a model including all activity

predictors. Note that we have illustrated variability hazard
ratios (HRs) at selected values of 6 vs 5, 9 vs 8, and 11 vs
10, and number of HRs at selected values of 7 vs 6 min/h,
13 vs 12 min/h, and 17 vs 16 min/h. Red dots represent
activity measurement intervals followed by MMD events.
HRs for LPA were obtained through back-transformation
from model generated using log-transformed values of LPA.

Figure S2: Stepwise Activity Recommendation Guide.
Recommendations build from left to right, such that foster-
ing basic physical function is necessary for building a
greater volume of higher intensity movement. Once higher
intensity movement has been built into the day, and func-
tion is stable, a focus on lower intensity movement is
warranted, followed by a focus on distribution of lower
intensity movement. *It is vital to bear in mind that inten-
sity is relevant, and as such, many basic activities of daily
living (eg, walking for transport) should be seen as higher
intensity for some individuals with very low levels of basic
functioning.

Table S1: Development of Cox proportional hazards
models using an accelerometer cut point of 1040 to define
moderate to vigorous physical activity (MVPA). Each col-
umn represents a step in the development of the model for
light physical activity (LPA) or MVPA, culminating in the
final full model that retained all significant predictors identi-
fied in the model-building steps, plus covariates. BP = blood
pressure, CVD = cardiovascular disease. HR = hazard ratio;
SPPB = Short Physical Performance Battery.

Table S2: Development of Cox proportional hazards
models using an accelerometer cut point of 760 to define
moderate to vigorous physical activity (MVPA). Each col-
umn represents a step in the development of the model for
light physical activity (LPA) or MVPA, culminating in the
final full model that retained all significant predictors identi-
fied in the model-building steps, plus covariates. BP = blood
pressure; CVD = cardiovascular disease; HR = hazard ratio;
SPPB = Short Physical Performance Battery.
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