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Objectives: This study examine dose-response relationships of walking with multiple
aspects of physical function and measures of body fatness in apparently healthy,
independent adults aged 50-80 years.

Methods: 201 adults (81 male, 120 female) aged 50-80 years underwent
assessment of body mass index (BMI), Body fatness, waist circumference (WC) and
6 measures of functional fithess. Sealed pedometery, worn over 7 days, was used to
determine physical activity (PA). PA was categorized into 3 groups (low=2501-5000,
medium=5001-7500, and high=>7501 steps/day).

Results: Results from a series of 2 (gender) X 3 (PA dose) ways analysis of
covariance (ANCOVA), controlling for age indicated dose-response effects of PA for
all functional fitness tests where participants classed as High PA had higher scores
for arm curl, chair stand, 6 minute walk, back scratch and sit and reach and lower
scores for timed up and go test compared to those classed as Low and Medium PA.
There were also significant main effects for PA dose for BMI, WC, and body fat %.
Those classed as low PA had significantly higher BMI, WC and body fatness
compared to those classed as medium and high PA.

Conclusions: This study shows a positive dose-response trend whereby as an
individual undertakes more daily steps (based on previously established step-count
groups), multiple aspects of functionality increase and anthropometric markers of

overweight and obesity decrease.

Keywords: Obesity; Ageing; Sarcopenia; Exercise



Introduction

The world population is becoming increasing older (United Nations, 2005) and
such a large scale demographic has far reaching implications for public health and
quality of life in older adulthood (Reinhardt, 2003). Understanding how health
enhancing behaviours impact on physical function and body fatness is an important
first step in establishing effective preventive measures to enhance older adults’
health.

Age related loss of muscle mass and strength, termed sarcopenia, has been
cited as one of the key public health issues in the older adult population as it results
in reduced mobility, loss of independence, higher risk of falls and reduced quality of
life (Montero-Fernandez et al., 2013). Age related loss of muscle mass is
compounded by age related infiltration of fat into muscle which also leads to loss of
physical function (Visser et al., 2005) and increased body fatness is associated with
decreased physical function as age increases (Bouchard et al., 2009). As a
consequence, understanding effective means to offset sarcopenia, reduce
overfatness and cost effective means to maintain health and offset age-related
declines in physical function are a public health priority.

Participation in physical activity (PA) has protective effects on multiple facets
of health in older adults including cardiovascular disease and its related
comorbidities (Luuk and Pihl, 2003), age-related cognitive decline (Kramer, et al.,
1999), functional limitation (Bouchard, et al., 2011) and body fatness (Bouchard, et
al., 2011). However, estimates suggest that only 20% of the older adult population
are sufficiently active for health benefits (Hansen et al., 2012; Metzger et al., 2008)
and that the average amount of moderate to vigorous physical activity decreases at

a rate of 1 minute/day between the ages 65-85 (Hansen et al., 2008).



Walking is the most common form of activity/exercise in older adults, despite
the decreases in physical activity seen with increasing age, as it is readily available
and can be engaged in as part of everyday life (Sherwood and Jeffery, 2000).
Despite this, there is uncertainty regarding the beneficial relationships of walking
volume on physical functioning, especially when evaluating the impact of dose
(increasing walking volume) — response (changes in physical functioning) in older
populations (Dondzila et al., 2015). Recently, Dondzila et al (2015) demonstrated a
dose-response relationship with walking volume and self-reported physical function
and 6 minute walk test (6MWT) performance in a sample of American older adults. In
their study, there was a graded relationship whereby high PA was associated
increased 6MWT distance and self-reported physical functioning. The present study
sought to act on the subsequent recommendations of Dondzila et al (2015) by
investigating whether such dose-response relationships exist with other aspects of
functionality and anthropometric measures in a sample of older adults. Furthermore,
while most prior work has tended to focus on adults aged 60 years or older, the
present study examined adults aged 50-80 years. This was purposeful as
comparatively little is known about time course and transition to sarcopenia (Murphy
et al., 2013) and age related changes in muscle mass, strength and performance is
said to occur form 50 years of age (Lindle et al., 1997, Lynch et al., 1999, Janssen et
al., 2000). Understanding changes in physical functioning from this age onwards
may have significance in terms of older adult quality of life (Lynch et al., 1999) and
the decade 50-60 may be an important window for the development of effective
interventions to ameliorate changes in physical functioning as a consequence of
ageing in older adulthood (Lindle et al., 1997, Lynch et al., 1999, Janssen et al.,

2000). The aim of this study was to examine dose-response relationships of walking



with multiple aspects of physical function and measures of body fatness in

apparently healthy, independent adults aged 50-80 years.

METHODS

Participants

Following institutional ethics approval and written informed consent, 201
independent, community-dwelling adults aged 50-80 years (81 male, 120 female,
mean age * SD = 66.1 = 7.7 years) were recruited from local community groups
within the city of Coventry, UK in 2015. Prior to participation, each participant
completed a health history questionnaire to record past and present health
conditions. Exclusion criteria were the following: registered blindness, severe hearing
impairment uncontrolled hypertension or diabetes, symptomatic cardiorespiratory
disease, severe renal or hepatic disease, uncontrolled epilepsy, progressive
neurological disease, chronic disabling arthritis or any musculoskeletal condition
which prohibited physical activity/exercise. Participants who were currently taking

beta blockers of calcium ion channel blockers were also excluded from taking part.

Procedures

Anthropometric Measures and Body Fatness

Body mass, measured to the nearest 0.1kg and height, to the nearest 1mm
were assessed barefoot with participants wearing light clothing using a Seca
Stadiometre and Weighing scales (Seca Instruments, Germany, Ltd). Body mass
index (BMI) was then determined as kg/m?. Waist circumference (WC, cm) was
assessed using an anthropometric measuring tape at the level of the umbilicus at the

end of gentle expiration. Body fatness (%Fat) was determined using leg to leg



bioelectrical impedance analysis (Tanita BF-350, Tanita Inc, Japan). Participants
adhered to recommended guidelines for accurate assessment of body fatness using
bioelectrical impedance analysis including no drinking for 4 hours prior to the test, no
exercise for 12 hours prior to the test, urination 30minutes prior to the test, and no

alcohol consumption for 48hours before the test (Heyward, 1991).

Assessment of Physical Function

Physical Function was assessed using Rikli and Jones (1999) Senior Fitness
Test, comprising the: 6MWT, 8Foot Timed Up and Go (TUG), Arm Curl (AC), Chair
Stand (CS), Back Scratch (BS) and Chair Sit and Reach (SAR) test. All procedures
followed those described previously for administration of the Senior Fitness Test
(Rikli and Jones, 2001). The TUG comprised the number of seconds required to get
up from a seated position, walk 8 feet, turn, and return to seated position. For AC the
number of bicep curls that were completed in 30 seconds holding a hand weight of
2.27kg for females and 3.63kg for males was recorded. The CS test comprised the
number of full stands that could be completed, from a seated position, in 30 seconds
with arms folded across the chest. The BS tests was completed for both the right and
left sides where one hand reached over the shoulder with the other up the middle of
the back. Distance (cms) between extended middle fingers was assessed and the
average of right and left sides was taken as an overall measure. The SAR was
completed from a sitting position at the front of a chair with one leg extended and
hands reaching towards toes with the distance (cms) between extended fingers and
tip of toe being assessed. The average of right and left sides was taken as an overall

measure of flexibility. For the 6MWT participants were instructed to walk as quickly



as possible for 6 minutes up a down a 20m walkway marked off in 2m segments,
and were informed that they could slow down or rest if necessary. Standardised
encouragement was given each minute during the tests. The distance walked was

recorded and used for analysis.

Assessment of Habitual Physical Activity

Habitual physical Activity (PA) was determined using a sealed, piezo-electric
pedometer (New Lifestyles, NL2000, Montana, USA) worn over seven days. Prior to
the monitoring period, participants were familiarized with the pedometers and were
briefed as to the nature of their involvement in the study. During familiarisation, the
participants were instructed on pedometer attachment (at the waist), its removal
(only during showering/bathing, swimming or sleeping), and reattachment on waking
each morning. Participants were asked not to tamper with the pedometer and to go
about their normal activities during the monitoring period. The model of pedometer
employed in the study shows good validity and has been found to be highly accurate
(Crouter, Schneider, & Bassett, 2005). Daily step counts were stored in the internal
memory of each pedometer enabling recall of each day’s step count on collection of
each pedometer. Across the period of measurement, the participants were asked to
complete a pedometer log to verify that the pedometers were worn for the entire time
of the study. The average steps/day values was then segmented into four groups to
characterise walking behaviour; < 2500steps/day, 2501-5000 steps/day, 5001-7500
steps/day and >7500 steps/day, as used by Donzila et al (2015) when examining the
dose-response of walking behaviour with 6MWT distance in older adults. However,

in the current study no participants recorded average daily step counts of <2500



steps/day, leaving data characterised into 3 groups: low PA (2501-5000 steps/day),

medium PA (5001-7500 steps/day) and high PA (>7500 steps/day).

Statistical analysis

Data were analysed using the Statistical Package for Social Sciences Version
20 (SPSS Inc., Chicago, IL, USA) and the alpha level was set at p < 0.05 a priori. A
series of Analysis of Covariance (ANCOVAS) were used to examine any dose-
response effect of walking PA on BMI, WC, %Fat and measures of physical function.
Gender and PA category (low, medium, high) were used as between subjects factors
and age was employed as a covariate. In this way the analysis was able to
determine any effect of gender and PA category on the dependant variables in
guestion whilst at the same time explaining the amount of variance explained for
each dependant variable by the covariate of age (Field, 2010). Partial n?> was also
used as a measure of effect size. In all cases backwards elimination to achieve a

parsimonious solution was employed.

Results

Anthropometric Variables

Mean + SE of anthropometric variables split by gender and PA dose are
presented in Table 1. Results from ANCOVAs, controlling for age indicated
significant gender main effects for gender for BMI (P = 0.0001, Partial n? = .075), WC
(P = 0.0001, Partial n? = .278) and body fat % (P = 0.011, Partial n?> = .04). Males
had higher values for BMI and WC but lower values for body fatness % compared to

females. There were also significant main effects for PA dose for BMI (P = 0.0001,



Partial n2 = 0.179), WC (P = 0.0001, Partial n? = 0.147), and body fat % (P = 0.0001,
Partial n? = 0.201). In all cases, those classed as low PA had significantly higher
BMI, WC and body fatness compared to those classed as medium and high PA (all P
= 0.01 or better). There were no gender X PA dose interactions and nor was age

significant as a covariate for any of the anthropometric variables (P>0.05).

Physical Function and Physical Activity

Mean + SE of functional fitness variables split by gender are presented in Table 2.
ANCOVA identified significant gender main effects for BS (P = 0.015, Partial n? =
0.036) and SAR (P = 0.001, Partial n2 = 0.151) tests, in all cases females performed
significantly better than males. In regard to PA dose, significant main effects were
evident for CS (P = 0.001, Partial n? = 0.095), AC (P = 0.001, Partial n? = 0.168),
TUG (P = 0.001, Partial n?> = 0.095), 6MWT (P = 0.001, Partial n2 = 0.375), BS (P =
0.001, Partial n® = 0.173), and SAR (P = 0.001, Partial n? = 0.190).

For all tests other than CS there were significantly poorer values for each test
between those classed as low PA and medium PA, low PA and high PA, and
medium PA and high PA (all P>0.05 or better). For CS there were significantly
poorer scores for those classed as low PA compared to high PA (P = 0.002) and
those classed as medium PA compared to high PA (both P = 0.001). There was no
significant difference in CS scores between those classed as Low PA and medium
PA (P = 1.0). Age was significant as a covariate for 6MWT (P = 0.001, B = -2.559)
but not for CS, AC, TUG, BS or SAR (P >0.05). This indicated that every 1 year
increase in chronological age was associated with decrease of 2.5 metres walked in
the 6MWT. In regard to pedometer determined PA, the mean steps/day * SE

undertaken by participants in the current study was 7052.2 + 204.2. When split by
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PA dose the mean steps/day + SE was 4119 = 118.1, 6307 + 118.6 and 7475

201.1 steps/day for low, medium and high PA groups.

Discussion

Although walking is the most common form of PA that older adults engage in,
previous research has been equivocal as to the potential protective benefits of
walking towards physical function as one progressively attains more steps (Dondzila
et al.,, 2015). The results of the current study show a clear and positive dose-
response trend whereby as an individual undertakes more daily steps (based on
previously established step-count groups), multiple aspects of functionality increase
and anthropometric markers of overweight and obesity decrease. It is key to note
that every aspect of physical function that was assessed in the present study
showed some form of dose-response where increased PA resulted in improved
function. These results extend recent work by Dondzila et al (2015) which reported a
dose-response effect of walking for the 6MWT and self-report function in a sample of
over 800 older adults. It is also the first to demonstrate such effects in British adults
aged 50 years and older. The results of the present study are also supportive of prior
work that has shown that increases in walking volume are positively related to
numerous health outcomes including body mass index (Tudor-Locke et al., 2008),
metabolic syndrome (Park et al.,, 2008) and quality of life (Yasunga et al., 2006).
Moreover, a number of studies have identified increased PA to be associated with
6MWT in older, diseased, adults (Mudge and Stott, 2009).

The population recruited in the present study were apparently healthy, mobile
and functionally able and were not selected as representative of the overall older

adult population. Rather, this study sought to examine the effect of healthy active
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ageing who were aged 50-80 years. This decision is congruent with prior work that
has sought to examine active ageing (Skelton et al., 1994) as it is important to be
able to assess and identify and measure factors limiting functional ability in ageing in
those individuals who are apparently healthy and mobile. Given the
inclusion/exclusion criteria employed in the present study, the participants might be
considered in good health and ‘active’ and, as such, indicative of what might be
expected in an ageing population who are free from any form of hypokinetic disease.
Indeed, the mean scores for all of all the physical function tests employed in the
present study sat within the 50-60" age and gender specific percentiles as reported
by Rikli and Jones (1999). The dose-response responses identified in this study
could therefore only be considered representative of an active population. It is
however important to establish that such a dose-response exists in a healthy and
mobile adult population as a first step to targeting preventive efforts in individuals
who are physically able to increase their habitual PA. A useful next step would be to
establish whether such a dose-response exists in individuals with very low levels of
habitual PA (<2500 steps/day). When physical function tests are considered across
low and high PA groups, participants classified as low PA scored in the 10%
percentile for BMWT, BS, SAR and TUG tests and the 25™ percentile for AC and CS
tests. Conversely those classed as high PA scored between the 75" and 90™
percentile for the AC, CS and 6MWT, between the 50" and 75" percentile for SAR,
BS and TUG tests based on gender and age specific norms previously reported
(Rikli and Jones, 1999).

The present study also recruited individuals from the age of 50 to 80 years on
the basis that understanding any changes in physical function from the age of 50 is

important in developing effective interventions to enhance physical function with age
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(Lindle et al.,, 1997, Lynch et al., 1999, Janssen et al., 2000). Despite this, few
studies have examined the association between objectively assessed walking
behaviour and physical function in adults from the age of 50 onwards.

In the current study walking behaviour was grouped using the same method
employed by Dondzila et al, which was based on data suggesting that ambulatory
estimates for healthy older adults approximate 2000-9000 steps/day (Tudor-Locke,
et al., 2011). In the current study the mean steps/day was 7052.2. Consequently, the
PA levels of participants in the present study are greater than those reported by
Dondzila et al (2015). This is not surprising given the different age ranges used in
the present study compared to that of Dondzila et al (2015). It is also important to
note that there was a significant relationships between age and average steps/day (r
= -574, P = .001) in the present study as well as a significant decade by decade
decrease in average steps/day (P =.001). Mean steps/day + SE was 9247 + 317.6,
7537 + 257.7 and 6016 = 296.6 for adults aged 50-59, 60-69 and 70-80 years
respectively.

Overall, however, the results of the present study might suggest that in strictly
healthy and mobile adults aged 50-80 years, decreases in functional performance
and increases in fatness may be deferred to an older age and that these positive
changes are amplified where habitual physical activity is greater.

There are however some limitations to this study. The cross-sectional design
employed makes it difficult to discern causality of PA effects on physical functions.
There were also fewer participants in the ‘low’ PA group in the current study
compared to the medium and high PA groups. Moreover, pedometry might be
considered a limitation in terms of PA assessment as it cannot differentiate mode or

intensity of PA. However, pedometers are cost effective tools which accurately
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capture ambulatory activity. They also offer a methodology which older adults appear
to feel more at ease with in terms of procedure engagement and subsequent
understanding of the meaning of any PA results obtained. This is important in terms
of maximising impact and ensuring clear public health messages from any study of
dose-response of PA on health parameters. Without trying to exaggerate the impact
of the results presented here, the current study is important for public health in
demonstrating the strength of dose-response relationships between ambulatory
activity and measures of physical function. The key public health message arising
from the current study is that a minimum threshold of 7500 steps/day should be
recommended for maintenance of physical function in healthy, independent adults
aged 5-80 years and that increases in ambulatory PA above this level will likely
result in greater benefit in physical function.

Given the inclusion and exclusion criteria employed in the present study, the
results presented here are only indicative of healthy, active adults aged 50-80 years.
It may therefore be useful for future research to examine dose-response effects of
PA on multiple aspects of physical function in both healthy and diseased older adult

populations.

Acknowledgements
The authors acknowledge the support of the Coordination for the Improvement of
Higher Education Personnel (CAPES) from Brazil in providing scholarships to Giseli

Minatto (protocol 6674/2015-01).

Conflict of Interest: None

References



14

Bouchard DR, McGuire KA, Davidson L, Ross R. 2011. Cardiorespiratory fitness,
obesity, and functional limitation in older adults. J Aging Phys Act 19: 336-46.

Bouchard DR, Dionne 1J, Brochu M. 2009. Sarcopenic/obesity and physical capacity in
older men and women: data from the Nutrition as a Determinant of Successful
Agin (NuAge)- the Quebec longitudinal study. Obesity 17: 2082-2088.

Crouter SE, Schneider P, Bassett DR. 2005. Spring-levered versus piezo-electro
pedometer accuracy in overweight and obese adults. Med Sci Sports Exerc 37:
1673-1679.

Dondzila CJ, Gennuso KP, Swartz AM, Tarima S, Lenz EK, Stein SS, Kohl RJ, Strath
SJ. 2015. Dose-response walking activity and physical function in older adults. J
Aging Phys Act. 23: 194-199.

Field A. 2009. Discovering statistics using SPSS. London: Sage.

Hansen BM, Kolle E, Dyrstad SM, Holme |, Anderssen SA. 2012. Accelerometer-
Determined Physical Activity in Adults and Older People. Med Sci Sports Exerc
44: 266-272.

Heyward VH. 1991. Advanced fithess assessment and exercise prescription.
Champaign, Ill: Human Kinetics.

Kramer AF, Hahn S, Cohen NJ, Banich MT, McAuley E, Harrison CR, Chason J, Vakil
E, Bardell L, Boileau RA, Colcombe A. 1999. Ageing, fitness and neurocognitive
function. Nature 400: 418-9.

Janssen, |., Heymsfield, S. B., Wang, Z., Ross, R. 2000. Skeletal muscle mass and
distribution in 468 men and women aged 18-88 yr. Journal of Applied

Physiology, 89, 81-88.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bouchard%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=21911875
http://www.ncbi.nlm.nih.gov/pubmed/?term=McGuire%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=21911875
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davidson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21911875
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ross%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21911875
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kramer%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hahn%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Banich%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=McAuley%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chason%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vakil%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vakil%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bardell%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boileau%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=10440369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Colcombe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10440369

15

Lindle RS, Metter EJ, Lynch NA, Fleg J, Fozard JL, Tobin J, Roy TA, Hurley BF, 1997.
Age and gender comparisons of muscle strength in 654 women and men aged
20-93 yr. J Appl Physiol 83: 1581-1587.

Luuk ML, Pihl E. 2003. Longitudinal changes in anthropometric and blood pressure
variables in relation to physical activity in men: a 9-year follow-up. Anthropol 12:
145-153.

Lynch N, Metter E, Lindle R, Fozard J, Tobin J, Roy T, Fleg J, Hurley B. 1999. Muscle
quality. I. Age-associated differences between arm and leg muscle groups. J
Appl Physiol 86: 188-194.

Metzger JS, Catellier DJ, Evenson KR, Treuth MS, Rosamond WD, Siega-Riz AM.
2008. Patterns of objectively measured physical activity in the United States.
Med Sci Sports Exerc 40: 630-638.

Montero-Fernandez N, Serra-Rexach JA 2013. Role of exercise on sarcopenia in the
elderly. Eur J Phys Rehabil Med 49: 131-143.

Mudge S, Stott NS. 2009. Timed walking tests correlated with daily step activity in
persons with stroke. Arch Phys Med Rehabil 90: 296-301.

Murphy RA, IP EH, Zhang Q, Bourdeau RM, Cawthon P, Newman M, Tylavsky FA,
Visser M, Goodpaster BH, Harris TB, Health A, Study BC. 2014. Transition to
sarcopenia and determinants of transitions in older adults: A population-based
study. J Gerontol A: Biol Sci Med Sci 69: 751-758.

Par, S, Park H, Togo F, Watanabe E, Yasunaga A, Yoshiuchi K, Shephard HJ, Aoyagi
Y. 2008. Year-long physical activity and metabolic syndrome in older Japanese
adults: cross-sectional data from the Nakanojo Study. J Gerontol A Biol Sci Med

Sci 63: 1119-1123.



16

Reinhardt UE. 2003. Does the aging of the population really drive the demand for
health care? Health Affairs 22: 27-39.

Rikli RE, Jones CJ. 1999. Functional fithess normative scores for community-residing
older adults, ages 60-94. J Aging Phys Act 7: 162-181.

Rikli RE, Jones CJ. 2001. Development and validation of a functional fitness test for
community--residing older adults. J Aging Phys Act, 7, 127-159.

Skelton DA, Greig CA, Davies JM, Young A. 1994. Strength, power and related
functional ability of healthy people aged 65-89 years. Age Ageing 23: 371-377.

Tudor-Locke C, Bassett DR, Rutherford WJ, Ainsworth BE, Chan CB, Croteau K, Giles-
Corti B, Le Masurier G, Moreau K, Mrozek J, Oppert JM, Raustorp A, Strath SJ,
Thompson D, Whitt-Glover MC, Wilde B, Wojcik JR. 2008. BMI-referenced cut
points for pedometer- determined steps per day in adults. J Phys Act Health 5:
S126-1309.

Tudor-Locke C, Craig CL, Aoyagi Y, Bell RC, Croteau KA, De Bourdeauhuiji I, Ewald, B,
Gardner AW, Hatano Y, Lutes LD, Matsudo SM, Ramirez-Marrero FA, Rogers
LQ, Rowe DA, Schmidt MD, Tully MA, Blair SN. 2011. How many steps/day are
enough? For older adults and special populations. Int J Behav Nutr Phys Act
8:80.

United Nations. 2005. World population prospects: the 2004 revision. New York: United
Nations.

Visser M, Goodpaster BH, Kritchevsky SB, Newman AB, Nevitt M, Rubin SM,
Simonsick EM, Harris TB. 2005. Muscle mass, muscle strength, and muscle fat
infiltration as predictors of incident mobility in well-functioning older persons. J

Gerontol A Biol Sci Med Sci 60: 324-333.



17

Yasunaga A, Togo F, Watanabe E, Park H, Shephard RJ, Aoyagi Y. 2006. Yearlong
physical activity and health-related quality of life in older Japanese adults: the

Nakanojo Study. J Phys Act Health 14: 288-301.



a)

20 ~

18 -

T
(o]
Ll

T T T
< (g} o
— — —

0 O <

(sa3s gg/ou) puess s1eyd

T
o

Medium PA High PA

Low PA

b)

o
(a\}

(o}
i

T
(o]
i

< N O o0 ©
— = -

(s29spg/ou) lan) wuy

Medium PA High PA

Low PA



c)

(o]

~

(e} n <t o o
(s29s) 09 pue dn pawi] 1004 8

-

o

Medium PA High PA

Low PA

d)

700 -

T T T T T
o o o o o
o o o o o
LN < ™ ~N —

(s24191A1) 3591 MIeM dINUIN XIS

T
o
o
O

Medium PA High PA

Low PA



Back Scratch (cms)

-10 -

-12 -

f | |

Medium PA

Chair Sit and Reach (cms)

Figure 1. Mean % SE of scores for a) chair stand, b) arm curl, c)8 foot timed up and go, d)six minute
walk, e)back scratch and f)chair sit and reach tests in healthy adults aged 50-80 years (*P = 0.01).



Table 1. Mean + SE of Body Mass Index (BMI), Waist Circumference (WC) and Body fat percentage between males and females and
participants classified as low, medium or high habitual physical activity (PA). Coventry, UK, 2015.* P = 0.0001, ** P = 0.011, a P = 0.002
between low and medium PA, b P = 0.001 between low and high PA, ¢ P = 0.001 between medium and high PA, d P = 0.009 between low and
medium PA, e P = 0.002 between medium and high PA, f P = 0.002 between medium and high PA

Gender PA Dose
Male (n = 81) Female (n = 120) Low (n = 35) Medium (n = 75) High (n = 91)
BMI (kg/m?) 28.6 (.53)* 26.6 (.35) 30.2 (.812)>° 27.4 (.437)° 24.5 (.429)
WC (cm) 99.1 (1.1)* 86.6 (.93) 98.8 (1.78)>¢ 92.8 (1.1)¢ 86.9 (1.1)
Body Fat (%) 30.3 (.76)** 32.8 (.63) 36.3 (1.22)"f 31.6 (.78)° 26.7 (.750)

ANCOVA, controlling for age.



Table 2. Mean + SE of functional fitness test values between males and females and participants classified as low, medium or high habitual
physical activity (PA). Coventry, UK, 2015. * P = 0.015, ** P = 0.001, @ P = 0.002 between low and high PA, ? P = 0.001 between medium and
high PA, ¢ P =0.01 between low and medium PA, ¢ P = 0.001 between low and high PA, ¢ P = 0.001 between medium and high PA, *9P =

0.001 between low and medium and low and high PA, " P = 0.001 between medium and high PA,' P = 0.004 between medium and high PA, | P
= 0.015 between medium and high PA.

PA Dose
Male (n = 81) Female (n = 120) Low Medium High
(2501-5000 (5001-7500 (>7500 steps/day)
steps/day) steps/day) (n=91)
(n=35) (n=75)
Chair Stand (no/30 secs) 14.7 (.51)** 14.9 (.43) 13.3 (.81)2 14.4 (.52)° 16.9 (.51)
Arm Curl (no/30 secs) 15.9 (.42)** 16.1 (.35) 13.7 (.61)=¢ 15.8 (.43)¢ 18.4 (.41)
8 Foot Timed Up and Go (secs) 6.1 (.11)** 5.9 (.09) 7.3(17)"9 5.8 (.11)" 5.1 (.11)
6 minute walk test (metres) 512.6 (8.4)** 503.2 (6.9) 445.2 (13.4)"¢ 506.1 (8.5)" 572.6 (8.2)
Back Scratch (cms) -7.7 (.94)* -4.9 (.78) -12.1 (1.5)"¢ -5.7 (.97)' -1.2 (.93)
Chair Sit and Reach (cms) -4.4 (.95)** 2.0 (.79) -7.7 (1L.5)"9 0.8 (.96) 4.2 (.96)

ANCOVA, controlling for age.



