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Abstract
Background To improve physical function, physical activity (PA) guidelines for older adults recommend completing PA 
in bouts of 10 min or more. Spontaneous PA (< 10 min) can also benefit older adults. However, a paucity of research exists 
examining if shorter bouts of PA are associated with greater physical function.
Aim To determine the association between various patterns of PA and the likelihood of greater physical function in older 
adults.
Methods Older adults from the 2003–2004 and 2005–2006 cycles of the National Health and Nutrition Examination Survey 
were included for analysis. PA lasting 1, 5, 10, 30, and 60 min was quantified using accelerometers. Physical function was 
assessed using a Likert scale reflecting the self-reported capability to complete 11 tasks. A single function score was then 
computed using factor analysis. Logistic regression analyses calculated the association between PA bout length and the 
likelihood of above average function.
Results PA performed in 1-min (odds ratio [OR] 1.02; 95% confidence interval [CI] 1.01–1.03), 5-min (OR 1.02; CI 
1.01–1.03), or 10-min bouts (OR 1.02; CI 1.01–1.03) was associated with greater physical function following adjustment 
for confounders. When scaled to represent an accumulation of 10 min of MVPA, likelihoods increased for both 1-min ([OR] 
1.25; 95% [CI] 1.11–1.39) and 5-min (OR 1.22; 95% CI 1.08–1.37) bouts.
Discussion/conclusions Our findings suggest bouts of PA lasting 10 min or shorter in duration are associated with greater 
physical function in older adults.
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Introduction

Reduced physical function correlates with detrimental 
long-term health outcomes, and may progress into a loss of 
independence as one ages [1–3]. The costs associated with 

caring for older adults with reduced physical function, or 
who have lost independence, are tremendously high [4]. As 
such, strategies targeted at maintaining physical function in 
older adults are necessary.

Engaging in regular physical activity preserves, and can 
potentially improve, physical function in older adults [1–3, 
5]. To obtain health benefits and improve function, the World 
Health Organization currently recommends older adults 
should partake in at least 150 min of moderate to vigorous 
physical activity (MVPA) per week, in bouts of 10 min or 
more [6]. However, the vast majority of older adults do not 
meet these recommendations [8–10]. The United States of 
America recently updated their physical activity guidelines, 
and no longer require the accumulation of MVPA in bouts of 
10 min or more [11]. This represents a significant transition 
from previous (older) guidelines, as this update seemingly 
recognizes the potential benefits associated with various 
patterns of physical activity, including the accumulation of 
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spontaneous bouts (< 10 min in duration) of MVPA. Specifi-
cally pertaining to older adults, the accumulation of spon-
taneous bouts of MVPA has been associated with reduced 
levels of frailty [12] and lower all-cause mortality risk [13], 
suggesting the overall volume of MVPA may matter more 
than the pattern of accumulation. Based on these findings, 
accumulating spontaneous bouts of MVPA may be a suffi-
cient method for maintaining physical function as one ages. 
However, the association between spontaneous MVPA and 
the physical function of older adults is currently unknown.

Reduced physical function in older adults may be further 
catalysed by extraneous sedentary behaviour [5], a troubling 
sentiment considering older adults are the most sedentary 
cohort of the population [14]. Regularly breaking up bouts 
of sedentary behaviour may represent a viable method for 
mitigating the detrimental impact of sedentary behaviour 
on physical function [15]. However, research investigating 
the relationship between sedentary behaviour and physical 
function in older adults is limited and requires further inves-
tigation [16].

Identifying how various patterns of MVPA and sedentary 
behaviour influence physical function in older adults could 
provide further support for the benefits associated with accu-
mulating spontaneous MVPA. Accordingly, the purpose of 
this study was to determine the association between various 
patterns of MVPA and sedentary behaviour with physical 
function in older adults. It was hypothesized that MVPA 
accumulated in bouts shorter than 10 min would be associ-
ated with higher physical function in older adults. Similarly, 
it was hypothesized that longer bouts of sedentary behaviour 
would be associated with lower physical function in older 
adults.

Methods

Participants

This cross-sectional analysis used data from the 2003–2004 
and 2005–2006 cycles of the National Health and Nutrition 
Examination Survey (NHANES). These cycles were selected 
as they include accelerometer data and self-reported physi-
cal function assessments. NHANES is a nation-wide survey 
conducted throughout the United States of America, provid-
ing a sample representative of the American population aged 
up to 85 years. Analyses were restricted to participants age 
65 and older, who completed the steps necessary to compute 
the primary outcome measure (physical function) and the 
primary exposure variables (physical activity and seden-
tary), as well as those who provided interpretable responses 
to the 11 selected indicators of physical function (see sec-
tion titled “Physical function assessment”). All participants 
in NHANES provide informed consent, as approved by the 

Institutional Review Board of the Centers for Disease Con-
trol and Prevention.

General characteristics

In line with NHANES protocols, trained personnel con-
ducted at home interviews to gather demographic, socio-
economic, education, and health information from all par-
ticipants. As part of this process, participants were asked 
if they had ever been informed by a doctor that they had 
asthma, arthritis, heart failure, coronary heart disease, 
angina, myocardial infarction, stroke, emphysema, chronic 
bronchitis, any liver condition, or cancer. The total number 
of ‘yes’ responses were summed to compute the number 
of chronic conditions each participant lived with. Medical 
personnel conducted the physical examination component 
in mobile examination centres, during which anthropomet-
ric data, including participant height, weight, and waist cir-
cumference, were collected and body mass index (BMI) was 
calculated.

Physical function assessment

Physical function was evaluated based on the aggregation 
of 11 variables from the physical functioning questionnaire 
included in NHANES. Participants self-rated their capability 
to complete the following tasks: walk a quarter mile, walk up 
ten steps, stoop/crouch/kneel, lift or carry objects, complete 
household chores, walk between rooms on the same floor, 
stand up from an armless chair, get in and out of bed, stand 
for a long period of time, sit for a long period of time, and 
push or pull large objects. Participants reported their per-
ceived difficulty in completing these tasks as ‘no difficulty’, 
‘some difficulty’, ‘much difficulty’, ‘unable to do’, ‘do not 
do this activity’, ‘refused’, or ‘do not know’. For the purpose 
of this analysis, the responses were then amalgamated and 
converted to a scale of 1–4, based on the response indicat-
ing that they ‘can accomplish’ (1), ‘have some difficulty’ 
(2), ‘have much difficulty’ (3), or ‘cannot do’ (4) each task. 
Participants who indicated they did not complete the activ-
ity, refused to answer, or did not know were excluded from 
the analysis.

Patterns of physical activity and sedentary 
behaviour

Minute-by-minute MVPA and sedentary behaviour were 
measured with an ActiGraph AM-7164 uniaxial acceler-
ometer. Participants were instructed to wear the device on 
their hip during all waking hours for seven consecutive days, 
removing it only during bathing and swimming activities. In 
order to be included in this analysis, participants must have 
worn the accelerometer for at least 10 h on 4 days. Non-wear 
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time was identified as 60 consecutive minutes (or longer) 
of zero-intensity counts. Wear time was then calculated by 
subtracting non-wear time from the total 24-h period of 
a day. MVPA was defined as 2020 counts per minute or 
higher, whereas sedentary behaviour was defined as any time 
spent with counts per minute below 100 counts per min-
ute [17]. Each minute spent within one of these categories 
was summed as total MVPA or sedentary behaviour. There 
was no permissible minutes for spontaneous MVPA to drop 
below the MVPA threshold. Patterns of MVPA and seden-
tary behaviour were broken into continuous bouts of 1 min, 
5 min, 10 min, 30 min, and 60 min in duration, inclusively.

Statistical analysis

Descriptive statistics were calculated as mean ± standard 
deviation and frequencies (percent) for continuous and cat-
egorical variables, respectively. The number of participants 
who completed each of the MVPA and sedentary bout dura-
tions was determined. Longer bout durations were inclusive 
of shorter bouts, meaning an individual who completed a 
10-min bout of MVPA was also counted as completing a 
1-min, and 5-min bout. The amount of time spent in each 
bout was standardized to represent minutes per day through-
out a 7-day week, averaged across the entirety of the sample.

An exploratory factor analysis was conducted to compute 
an individualized factor score based on each participant’s 
responses to the 11 categorical physical function questions 
using Mplus version 8.1. Orthogonal rotation was used with 
a weighted least squares mean and variance-adjusted estima-
tion algorithm. This was done to account for differences in 
participants’ perception of difficulty, as well as the poten-
tial association between the variables selected to represent 
physical function. Three factor scores were extracted based 
on a high probability (0.977) of the root mean square error 
of approximation being less than 0.05, a comparative fit 
index score above 0.95, and a standardized root mean square 
residual below 0.05. Once these factors were determined, 
a polychoric correlation matrix was used to determine the 
captured variable changes. Afterward, the data were inter-
rupted by evaluating the loading of the physical function 
variables on each factor based on a salience criterion of 
0.4 to ensure no cross-loading was present. Based on this 
analysis, three factors were determined. The three factors 
were then summed to create a single factor score for each 
participant. Data distribution were observed as a whole as 
well as by age (5-year categories) and sex categories. The 
factor score was not distributed linearly, but rather as two 
groupings. Thus, participants were categorized as scoring 
either above or below the median function score of their 
respective sex (male/female) and age (65–69, 70–74, 75–79, 
80 +) grouping.

Logistic regression analyses were conducted to examine 
the association between the various bouts of MVPA and 
sedentary behaviour, and the likelihood of scoring above 
the median function score. Analysis was adjusted for BMI, 
ethnicity, household income, and total number of chronic 
diseases. Analyses determining the association between 
sedentary time and physical function were then adjusted for 
total MVPA time, and analyses determining the association 
between MVPA and physical function were adjusted for total 
sedentary time. All the logistic regressions were performed 
with men and women combined since no interaction terms 
was found to be significant between sex and MVPA (p values 
ranging from 0.72 to 0.92) or sex and sedentary bouts (p 
values ranging from 0.69 to 0.86).

Descriptive data were calculated using SPSS version 25. 
Regression analyses were conducted using SAS version 9.4, 
adjusting for strata and sample weight.

Results

Participants

An initial sample of 20,410 participants was available for 
use from the 2003–2004 and 2005–2006 NHANES data-
bases. The final sample was reduced to 1274 once those 
who did not complete the NHANES physical functioning 
questionnaire adequately, did not have the appropriate accel-
erometer data, or were younger than age 65 were removed 
from analysis. A flowchart outlining the filtering of partici-
pants is available in Fig. 1.

Descriptive data

Descriptive statistics for the sample population are shown 
in Table 1. The average age of the included sample was 
74 years, and categorized as overweight based on the cal-
culated BMI. Participants reported being diagnosed with an 
average of one chronic condition. The majority of the sam-
ple identified as non-Hispanic White, with a high-school (or 
lower) education. 

Physical activity and sedentary behaviour patterns

The number of participants who engaged in each of the 
various MVPA and sedentary bouts, and the average 
time spent in those bouts per day, are shown in Table 2. 
The prevalence of, and time spent engaging in, MVPA 
bouts dropped substantially as the bout length increased. 
Only 30.1% of the sample performed at least one bout 
of MVPA lasting the previously recommended 10 min or 
more, whereas 93.8% of participants engaged in a 1-min 
bout, averaging an accumulation of 10.4 min of MVPA 
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per day in bouts of 1 min or more. Likewise, 62.1% of 
participants engaged in a 5-min bout, averaging an accu-
mulation of 7.4 min of MVPA per day in bouts of 5 min 
or more. Every participant had at least one bout of 1 min, 
5 min, 10 min, and 30 min of consecutive sedentary time, 
and nearly every participant (97.4%) had at least one bout 
of 60 min of consecutive sedentary time.

Association between MVPA bouts and physical 
function

Results of the adjusted and weighed logistic regression for 
the association between various patterns of MVPA and 
an above average physical function score can be viewed 
in Table 3. The regression analysis found 1-min, 5-min, 
and 10-min bout lengths were all associated with having 
higher physical function (p < 0.05). However, the 30-min 
(p = 0.899) and 60-min bouts (p = 0.437) of MVPA were not. 
When scaled to represent every 10-min totality of MVPA, 
likelihoods increased for both the 1-min (odds ratio [OR] 
1.25; 95% confidence interval [CI] 1.11–1.39) and 5-min 
(OR 1.22; 95% CI 1.08–1.37) bouts (p < 0.05).

Fig. 1  Participant flowchart

Table 1  Participant characteristics

Variable Mean (SD) or N (%)

Age (years) 73.7 (6.2)
Male 698 (54.8)
Body mass index (kg/m2) 27.7 (4.9)
Waist circumference (cm) 99.8 (12.9)
Chronic conditions (total) 1.4 (1.3)
Ethnicity
 Hispanic 250 (19.6)
 Non-Hispanic Black 177 (13.9)
 Non-Hispanic White 813 (63.8)

Level of education
 High school or lower 793 (62.3)
 College or university 253 (19.9)
 Graduate school 224 (17.6)

Table 2  Time spent in various MVPA and sedentary bouts

MVPA moderate to vigorous physical activity
a As averaged across the entire sample, and across a 7-day period; data 
presented as mean (standard deviation) unless otherwise stated

Prevalence (n (%)) Minutes per  daya

Sedentary bout length
 ≥ 1 min 1274 (100.0) 529.0 (110.7)
 ≥ 5 min 1274 (100.0) 581.6 (121.3)
 ≥ 10 min 1274 (100.0) 504.6 (131.7)
 ≥ 30 min 1274 (100.0) 293.5 (132.6)
 ≥ 60 min 1247 (97.4) 113.8 (88.2)

MVPA bout lengths
 ≥ 1 min 1195 (93.8) 10.4 (14.3)
 ≥ 5 min 791 (62.1) 7.4 (13.8)
 ≥ 10 min 384 (30.1) 4.3 (10.7)
 ≥ 30 min 131 (10.3) 1.8 (7.1)
 ≥ 60 min 22 (1.7) 0.3 (3.4)

Table 3  Association between MVPA bouts and odds of improved 
function

Model adjusted for age, sex, body mass index, ethnicity, household 
income, total number of chronic conditions, and total sedentary time
Significance set at p < 0.05
MVPA moderate to vigorous physical activity

Odds ratio 95% Confidence 
interval

p value

MVPA bout length
 1 min 1.02 (1.01–1.03) 0.001
 5 min 1.02 (1.01–1.03) 0.046
 10 min 1.02 (1.01–1.03) 0.039
 30 min 1.03 (1.01–1.05) 0.899
 60 min 1.05 (1.00–1.10) 0.437

10 min totaled throughout the day
 1 min 1.25 (1.11–1.39) 0.001
 5 min 1.22 (1.08–1.37) 0.046
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Association between sedentary bouts and physical 
function

When weighed and adjusted for age, sex, BMI, ethnicity, 
household income, and total number of chronic conditions, 
the logistic regression analysis found each of the sedentary 
bout lengths were associated with a small, yet significant 
decrease in participant likelihood of having an above average 
function score (p < 0.05). Moreover, when scaled for every 
30-min totality of 1-min (OR 0.96; 95% CI 0.93–0.99), 
5-min (OR 0.96; 95% CI 0.93–0.99), or 10-min (OR 0.96; 
95% CI 0.93–0.99) bouts, accumulated sedentary time was 
also found to decrease the likelihood of a participant hav-
ing above average physical function (p < 0.05). Similar 
findings resulted when the 30-min bouts (OR 0.84; 95% CI 
0.75–0.95) and 60-min bouts (OR 0.78; 95% CI 0.65–0.93) 
were scaled to represent every 120 min totaled throughout 
the day (p < 0.05). However, once the regression model was 
further adjusted to account for total MVPA time the associa-
tions were no longer significant. These results can be viewed 
in Table 4a and b.

Discussion

The purpose of this cross-sectional analysis was to deter-
mine the association between various patterns of MVPA 
and sedentary behaviour with the physical function of older 
adults. For the first time we have shown MVPA in bouts 
shorter than 10 min in duration are associated with physi-
cal function in older adults. Specifically, both 1- and 5-min 
bouts of MVPA were associated with a 2% increase in the 
likelihood of having above average physical function. Con-
versely, sedentary behaviour patterns are not associated with 
physical function, once adjusted for total MVPA. These find-
ings support previous literature highlighting the potential 
health benefits associated with various bouts of MVPA; 
while also challenging previously reported negative asso-
ciations between sedentary behaviour and physical function.

MVPA bouts and physical function

While the influence shorter bouts of MVPA have on physi-
cal function is seemingly small, the additive impact of such 
activity is noteworthy, as scaling 1-min and 5-min bouts of 
MVPA to represent an accumulation of 10 min increased 
the likelihood of having above average physical function 
to 23–26%. These data suggest every minute spent partici-
pating in MVPA, when accumulated throughout the day, 
contributes to having an above average physical function 
score. This aligns with conclusions drawn following a lon-
gitudinal cohort study conducted by Jefferis et al. [13], who 
stated the total volume of physical activity was of greater 

importance than the pattern of accumulation to reduce mor-
tality amongst community-dwelling older men.

Physical activity guidelines around the world empha-
size the importance of older adults completing 150 min 
of MVPA to achieve functional benefits [6, 7, 11, 18]. 
Despite knowledge of the health benefits associated with 
MVPA, older adults are among the most inactive segment 
of the population; often citing pain, poor health, and short-
ness of breath—particularly when standing or engaging 
in physical activity for prolonged periods—as reasons for 
being inactive [19–21]. As anticipated, our results found 
a significant reduction in participation in MVPA bouts 
lasting 10 min or longer, when compared to 1- and 5-min 
bout lengths. It is likely the reduced participation was, in 
part, due to these aforementioned limitations. Likewise, 
the relatively high engagement in 1- and 5-min bouts of 

Table 4  Association between sedentary bouts and odds of positive 
physical function score

Significant set as p < 0.05

A. Adjusted for body mass index, ethnicity, household income, num-
ber of chronic conditions

Odds ratio 95% Confidence 
interval

p value

Sedentary bout length
 1 min 0.99 (0.99–1.00) 0.02
 5 min 0.99 (0.99–1.00) 0.02
 10 min 0.99 (0.99–1.00) 0.02
 30 min 0.99 (0.99–1.00) 0.01
 60 min 0.99 (0.99–1.00) 0.01

30 min totaled throughout the day
 1 min 0.96 (0.93–0.99) 0.02
 5 min 0.96 (0.93–0.99) 0.02
 10 min 0.96 (0.93–0.99) 0.02

120 min totaled throughout the day
 30 min 0.84 (0.75–0.95) 0.01
 60 min 0.78 (0.65–0.93) 0.01

B. Adjusted for body mass index, ethnicity, household income, 
number of chronic conditions, and total MVPA time

Sedentary bout length
 1 min 0.99 (0.99–1.00) 0.59
 5 min 0.99 (0.99–1.00) 0.62
 10 min 0.99 (0.99–1.00) 0.55
 30 min 0.99 (0.99–1.00) 0.28
 60 min 0.99 (0.99–1.00) 0.43

30 min totaled throughout the day
 1 min 0.99 (0.95–1.03) 0.59
 5 min 0.99 (0.95–1.03) 0.62
 10 min 0.99 (0.96–1.02) 0.55

120 min totaled throughout the day
 30 min 0.93 (0.81–1.06) 0.28
 60 min 0.92 (0.77–1.12) 0.43
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MVPA suggests an increased tolerance for shorter bouts 
of MVPA. Such an occurrence is encouraging, as bouts 
of MVPA shorter than the recommended 10-min duration 
were found to be associated with above average physical 
function. This is in line with mounting evidence provid-
ing similar support for spontaneous MVPA, as benefits 
including reduced rates frailty, mortality, metabolic syn-
drome, and various risk factors related to cardiovascular 
disease have been conferred without 10 min of continuous 
MVPA [12, 13, 22, 23]. As such, the results found here are 
in support of the recent update to the American Physical 
Activity Guidelines which encourage MVPA, regardless of 
duration [11]. Doing so may provide older adults with an 
alternative option they perceive as feasible, while also pro-
viding the desired health benefits. Future research should 
attempt to identify how previously identified determinants 
of physical activity, such as increased self-efficacy [24, 
25] or local physical environments [26, 27], interact with 
shorter bouts of MVPA to increase overall activity levels.

Sedentary bouts and physical function

Numerous research has indicated an association between 
sedentary behaviour and lower physical function in older 
adults [5, 28]. While a recent systematic review conducted 
by Copeland et al. [17] discusses many such results, the 
authors bring forward a number of articles contradict-
ing such a relationship. Of particular interest, two stud-
ies adjusting for MVPA found doing so accounted for the 
potential relationship between sedentary behaviour and 
physical function, resulting in the relationship no longer 
achieving significance [29, 30]. Similar results were 
found here, as adjustment for total MVPA accounted for 
the observed relationship between the various bouts of 
sedentary behaviour and the observed association with 
physical function.

Regardless of the controversial relationship between 
sedentary behaviour and physical function, a meta-analysis 
conducted by Shrestha et al. [31] highlights the lack of 
randomized control trials attempting to evaluate the effec-
tiveness of lifestyle interventions aiming to reduce seden-
tary time in older adults. The authors’ analysis of adults 
aged 18–60 identified short- and medium-term reductions 
in sedentary time as a result of a variety of lifestyle inter-
ventions, averaging a reduction of approximately 30 min 
per day. Our results indicate that such a change, should 
their findings translate to the older adult population, may 
not be sufficient to benefit physical function. Nonetheless, 
further research is necessary to identify both the potential 
benefits and the effectiveness that interventions aimed at 
reducing sedentary time in older adults may have.

Strengths and limitations

The study described above is strengthened through the util-
ity of NHANES, as the database provides a large, nationally 
representative, appropriately weighted sample, thus increas-
ing external validity. The objective measurement of MVPA 
and sedentary behaviour via accelerometry provided an 
accurate indication of participant movement, thus reducing 
recall error and social desirability bias. Finally, the scope 
of the NHANES database allowed for the adjustment for 
major confounding factors. Despite these strengths, limita-
tions exist which require consideration as well. First, while 
the analysis was weighed to account for the complexity in 
the design it remains possible that the final sample was no 
longer absolutely representative of older adults in the United 
States. Of note, the percentage of university attendees who 
also completed graduate school is high, and the influence 
of such an occurrence is unknown. The discussed results 
are also cross-sectional in nature. As such, the potential 
causality of the described relationships remains unknown. 
The NHANES outcomes used to describe physical func-
tion were self-reported, thus introducing potential bias to 
the outcomes. Objective measurement of physical function 
would provide higher confidence, and aid in reducing poten-
tial biases. The relatively short duration of the sedentary 
bouts may have impacted the results. It remains possible 
that longer durations of sedentary behaviour could have a 
negative association with physical function. Finally, the 
number of participants who completed bouts of MVPA 
lasting 30 min or longer was limited. This likely influenced 
the results in interpreting the relationship between longer-
duration bouts of MVPA and physical function.

Conclusion

In conclusion, various patterns of MVPA are associated with 
an increased likelihood of above average physical function 
for one’s respective sex and age, in independent older adults. 
It may be beneficial for future physical activity guidelines 
to encourage various patterns of MVPA, as opposed to the 
current strategy of requiring bouts of 10 min or more. Con-
versely, bouts of sedentary behaviour of up to 60 min in 
duration are not associated with physical function, once 
adjusted for total MVPA. In other words, this study sug-
gests that various patterns of physical activity have a more 
meaningful relationship with physical function than seden-
tary behaviour for independent older adults living.
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