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The extent to which light-intensity physical activity contributes to health in older adults is not well known. The
authors examined associations between physical activity across the intensity spectrum (sedentary to vigorous) and
health and well-being variables in older adults. Two 7-day assessments of accelerometry from 2005 to 2007 were
collected 6 months apart in the observational Senior Neighborhood Quality of Life Study of adults aged >65 years
in Baltimore, Maryland, and Seattle, Washington. Self-reported health and psychosocial variables (e.g., lowerextremity function, body weight, rated stress) were also collected. Physical activity based on existing accelerometer thresholds for moderate/vigorous, high-light, low-light, and sedentary categories were examined as correlates
of physical health and psychosocial well-being in mixed-effects regression models. Participants (N ¼ 862) were
75.4 (standard deviation, 6.8) years of age, 56% female, 71% white, and 58% overweight/obese. After adjustment
for study covariates and time spent in moderate/vigorous physical activity and sedentary behavior, low-light and
high-light physical activity were positively related to physical health (all P < 0.0001) and well-being (all P < 0.001).
Additionally, replacing 30 minutes/day of sedentary time with equal amounts of low-light or high-light physical
activity was associated with better physical health (all P < 0.0001). Objectively measured light-intensity physical
activity is associated with physical health and well-being variables in older adults.
aged; epidemiologic measurements; motor activity; quality of life; sedentary lifestyle

Abbreviations: HLPA, high-light physical activity; LLPA, low-light physical activity; MVPA, moderate/vigorous physical activity.

Considerable evidence exists suggesting the beneficial
effects of moderate/vigorous physical activity (MVPA)
and the independent negative effects of sedentary behavior
on health outcomes (1–3). The extent to which ‘‘light’’intensity activities (i.e., >1 and <3 metabolic equivalent
task hours, such as easy walking) may contribute to health
is less well known. Light-intensity activities are particularly
important for older adults because they tend to spend
a greater portion of their day performing light-intensity activities than any other age group (4), report easy walking
(<3 miles per hour (1 mile ¼ 1.61 km)) as their most common mode of physical activity (5), and often find it difficult
to initiate or maintain MVPA (6). Lighter intensity activities
could be recommended to older adults if replacing sedentary
time with light-intensity activity confers health benefits.

Older adults often find light-intensity activity difficult to
recall (7) and tend to misreport time spent in such activities
when compared with objective measures such as motion
sensors, indirect calorimetry, and doubly labeled water
(8, 9). Objective measures of light physical activity are
therefore needed to examine the impact of such activities
on health and well-being. Indeed, only a few accelerometry
validation studies have been conducted in samples of older
adults (10, 11), with results generally suggesting that
‘‘meaningful’’ activity (adequate to confer health benefits)
among older adults may fall below the commonly used
Freedson threshold (12). Thus, intensity thresholds validated in general adult populations may be overly high for
older adults and may not fully capture important physical
activity–health associations falling below this threshold.
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The purpose of this study was to describe time spent in lightintensity physical activity, obtain 6-month reliability estimates for accelerometry metrics of activity time by
intensity, and explore whether light-intensity activity was
associated with self-rated health variables after accounting
for moderate-intensity activity and sedentary time in a large
sample of community-dwelling older adults.
MATERIALS AND METHODS
Study design and procedure

Participants

A commercial marketing firm provided contact information for all households in the designated 2000 US Census
block groups comprising the neighborhoods of interest. Invitation letters were mailed to 3,911 randomly selected
households, followed by recruitment telephone calls. Eligibility criteria were being aged 66 years or older, able to
walk 10 feet (1 foot ¼ 30.5 cm) alone (with or without
assistive devices), and able to complete written surveys and
informed consent in English. A total of 975 (25%) individuals were identified as eligible and willing to participate.
Complete and valid accelerometry and survey data were collected for 88% (n ¼ 862) and 78% (n ¼ 765) of enrolled
participants for the first and second assessments, respectively.
Measures
Covariates. Individual-level covariates included age,
gender, race, educational status, marital status, senior housing status, and current smoking status. Because the study
sampling strategy was based on neighborhood-level income
(using 2000 US Census median annual household income
data) and a validated geographic information system–based
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The Senior Neighborhood Quality of Life Study was an
observational study of ambulatory adults 66 years of age or
older in 2 major US metropolitan regions (Seattle/King
County, Washington, and Baltimore, Maryland). The primary
aim of the study was to examine multiple health outcomes
among residents living in neighborhoods differing in geographic information system–derived ‘‘walkability’’ characteristics and household income. Study methods have been
described elsewhere (13). The study was approved by appropriate institutional review boards.
After providing informed consent, participants were
mailed an accelerometer and survey packet. They were instructed to wear the accelerometer for 7 consecutive days,
complete the survey after wearing the accelerometer, and
mail the accelerometer and survey packet back to research
staff. Six months later, the accelerometer and a second survey were mailed to participants with similar instructions.
Participants were recruited and enrolled year-round from
2005 through 2007. This 2-phase data collection strategy
reduced participant burden, provided two 7-day periods of
objective physical activity assessment, and controlled for
seasonality effects. Upon completion of each assessment,
participants were given US $25.

walkability index (14), these factors also were included as
covariates. Neighborhood (i.e., block group) was included
as a clustering variable to account for potential lack of independence among neighbors regarding physical activity
and health status.
Physical activity. All participants wore an Actigraph
accelerometer (model 7164 or 71256; Actigraph, LLC, Fort
Walton Beach, Florida). The Actigraph was chosen because
it has been used previously in large epidemiologic studies
(15, 16) and extensive validation data are available in laboratory (10, 12) and field (10, 11, 17) settings. Participants
were instructed to a) secure the unit over the right hip on a
provided elasticized belt, b) wear the device while they were
awake, and c) take off the unit for swimming or bathing.
Data were collected in 1-minute epochs.
Data compliance and cleaning procedures were consistent
with those from other published studies (15, 16). Data were
visually screened to identify malfunctioning accelerometer
units (e.g., sequences of maximum recordable value or repeated nonzeros). For compliance, a valid hour was defined
as <30 consecutive ‘‘zero’’-intensity counts and a valid day
contained 10 valid hours/day. Participants were asked to
rewear the accelerometer if an assessment contained
either <5 valid days or <66 valid hours across 7 days or if
the accelerometer had malfunctioned during data collection.
Data were cleaned and scored using MeterPlus version 4.0
software from Santech, Inc. (www.meterplussoftware.com).
Some individuals wore the accelerometer for >7 days; these
data were retained if determined to be valid based on compliance criteria. All statistical models were adjusted for
differences in accelerometer wear time.
Time spent in physical activity by intensity level was
based on application of existing count-based intensity
thresholds. The thresholds chosen for MVPA (1,952
counts/minute) and sedentary behavior (<100 counts/
minute) have been used extensively in calibration studies
(12, 17, 18), large epidemiologic studies (2, 3, 15, 16, 19),
and intervention trials (20–23). The remaining activity fell
within the ‘‘light’’ range of activity intensity (100–1,951
counts/minute). Given the wide range of activities in
this category (e.g., standing, engaging in household activities, walking at <4.0 km/hour), it is possible that time
spent in the upper, versus lower, end of the light-intensity
category may have a differential effect on health. Therefore, the Copeland threshold (10) was used to distinguish
‘‘high-light’’ physical activity (HLPA; 1,041–1,951 counts/
minute) from ‘‘low-light’’ physical activity (LLPA; 100–
1,040 counts/minute). The Copeland threshold was chosen
pragmatically given that it roughly divides the light range
of activity equally. Copeland et al. have suggested that this
threshold represents the lower bound of moderate-intensity
physical activity in older populations, while others (24)
have found the Freedson threshold adequate across a wide
age range, including older adults. Because the Copeland
threshold has been evaluated specifically in older populations, it was chosen for further evaluation in the current
investigation.
Health variables. Details regarding self-reported health
outcomes assessed are displayed in Table 1. Health indicators were assessed on either the first or second survey. Body
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Table 1. Details and Validity Information for Health Indicators Assessed in the Senior Neighborhood Quality of Life Study, United States, 2005–
2007
Health Indicator

Author(s)
(Reference No.)

Detail

Selected Validity
Evidence
(Reference No.)

‘‘How many medications do you currently take
regularly,’’ on a scale of 0–6, none to 5.

No. of chronic
medical conditions

Number of medical conditions was chosen from a list
of chronic conditions including rheumatoid arthritis,
osteoarthritis, lupus, Parkinson’s disease or other
neurologic disorder, high blood pressure, diabetes,
heart attack (or heart condition or angina), or cancer.
Adapted from the Alameda County Study.

Roberts et al. (39)

Depression (39);
medication use (40)

No. of falls in the
past year

‘‘Have you fallen in the past 12 months (includes falling
on the ground or some other level, such as a chair),’’
on a scale of 0–1, no to yes.

Gibson et al. (41)

Medication use (42);
depression (43);
grip strength (44)

Confusion

‘‘In the past year, about how often did you get confused?’’
on a scale of 0–4, never to frequently.

Lee (45)

Functional decline (45);
mortality (45)

Feeling
depressed/blue

‘‘During the past year, have you had 2 consecutive
weeks or more during which you felt sad, blue,
or depressed or lost pleasure in things you usually
cared about or enjoyed?’’ on a scale of 0–1, no to
yes. Adapted from the Kidney Disease and Quality
of Life Short Form.

Hays et al. (46)

Mortality (46, 47);
hospitalization (47)

General health rating

‘‘In general, how would you say your health is?’’ on
a scale of 1–5, excellent to poor, from 12-item
short-form health survey.

Ware et al. (48)

Survival (49); functional
limitations (49); objective
physical/mental health
symptoms (48)

Pain interference

‘‘During the past 4 weeks, how much did pain interfere
with your normal work [including both work outside
the home and housework]?’’), on a scale of 1–5, not
at all to extremely, from 12-item short-form health survey.

Ware et al. (48)

Objective physical/mental
health symptoms (48)

Life satisfaction

‘‘All things considered, how satisﬁed are you with your
life as a whole?’’; on a scale of 1–5, very satisﬁed
to very dissatisﬁed.

Andrews and
Withey (50)

Social support (51)

Isolation

‘‘How often do you feel isolated from others?’’, on a
scale of 1–3, hardly ever to often.

Hughes et al. (52)

Blood pressure (53);
depressive
symptoms (52)

Cognitive ability

13-item Cognitive Assessment Screening Test (CAST)
measuring perceptions of cognitive ability, on a
scale of 0–1, no to yes.

Swearer et al. (54)

Neuropsychological
battery (54)

Perceived stress

4-item perceived stress short form, on a scale of
0–4, never to often.

Cohen et al. (55)

Respiratory illness (56);
coronary artery
disease (57)

Body mass index

Weight and height were self-reported.

Lower-extremity
function

11-item advanced lower-extremity subscale of the
Late-Life Function and Disability Instrument assessed
a broad range of functioning capabilities requiring
lower-body function, on a scale of 1–5, cannot do to
no difﬁculty (higher score ¼ better).

mass index and lower-extremity function were reported on
both surveys.
Data analysis

Age- and gender-specific descriptive analyses were used
to examine sample differences by study covariates and patterns of physical activity across intensity categories. Testretest reliability of intensity categories was assessed by
calculating one-way random-effects intraclass correlation
coefficients (25) between the 2 assessments.
To reduce type I error, an exploratory factor analysis of
the self-reported health parameters was performed prior to
Am J Epidemiol 2010;172:1155–1165

Objective height and
weight (58)
Haley et al. (59)

Short Physical
Performance
Battery (30); 400-m
walk test (30)

formal data analysis. Principal components extraction was
used to derive the fewest number of relevant and distinct
factors. A promax rotation method was used to enhance
interpretability of the resultant factors and allow for nonorthogonality given that health domains are likely to be
correlated (26). Visual analysis of the scree plot, communality estimates for individual items, and eigenvalues
of 1.0 were used as criteria to identify relevant factors.
Factor scoring coefficients from each item were used to
generate composite factor scores for formal data analysis.
Because most parameters had a negative valence, factor
scores were reflected (multiplied by 1) so that higher scores
represented more positive health and well-being.
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Figure 1. Selected physical activity intensity thresholds and 3 types of regression models used to test associations with health metrics in the
Senior Neighborhood Quality of Life Study, United States, 2005–2007. Single activity models tested the ‘‘total effect’’ of each threshold, unadjusted
for activity in other thresholds. Partition models tested the ‘‘unique effect’’ of each threshold adjusted for activity in other thresholds. Isotemporal
substitution models tested the ‘‘substitution effect’’ of each threshold holding time constant. DRP, parameter dropped from model; MVPA,
moderate/vigorous physical activity; SED, sedentary; >, no upper threshold set.

Mixed-effects regression models (using SAS PROC
MIXED; SAS Institute, Inc., Cary, North Carolina) were
fitted to the composite factor scores generated from the exploratory factor analysis. A repeated-measures framework
was used to account for factors that were measured twice
(6-month interval), including body mass index, lowerextremity function, and accelerometry data. The analyses
also took neighborhood clustering (i.e., block group) into
account; thus, 3-level multilevel models were fitted to account for repeated measures nested within subjects and subjects nested within neighborhoods. All models were
adjusted for study covariates (described earlier).
Three regression models were fitted to assess associations
between intensity categories and health variables. Refer to
Figure 1 for graphic depictions of these models. First, single
activity models were used to estimate the ‘‘total effect’’ for
MVPA, HLPA, LLPA, and sedentary activity (Figure 1,
models 1–4). These models depict the raw associations
between each intensity category and the health variables.
Second, partition models were used to estimate the ‘‘unique
effect’’ of each intensity category while holding time in
other intensities constant (Figure 1, model 5). These models
depict the unique association of each intensity category with
health variables. Finally, isotemporal substitution models
were used to estimate the ‘‘substitution effect’’ of replacing
activity from one intensity category for an equal amount of
time in a different category (Figure 1, models 6–9). This was
accomplished by entering a total activity time variable (i.e.,
sedentary þ LLPA þ HLPA þ MVPA) and unique activity
for each intensity category to the models simultaneously.
The intensity category of interest is then dropped from the
model. These models depict the effect of replacing activity
from the dropped category with other categories entered in
the model. By including a summary total activity variable in

the model, total time is constrained and allows direct comparisons to be made between activity categories and their
impacts on a health variable of interest. Greater detail on
isotemporal substitution models is presented elsewhere (27).
Prior to entry into the models, all intensity categories
were divided by a constant of 30 such that a unit increase
in the activity variable represented an increase of 30 minutes/day within the given intensity category. This step was
performed to improve interpretability of the results in light
of national guidelines for physical activity (28). The health
variable scores derived from the exploratory factor analysis
were standardized such that the mean was 0 and a unit
increase was equal to 1 standard deviation (i.e., z-score metric).
All analyses were completed using SAS Enterprise Guide 4.2
software (SAS Institute, Inc.).
RESULTS
Descriptive and accelerometer wear data

Study sample demographics by age group and gender are
presented in Table 1. Demographics were similar by gender
(albeit with more women than men, as expected in older age
categories), with participants generally overweight/obese,
white/Caucasian, living independently, not currently smoking,
and well educated. By design, the sample was balanced by
neighborhood income level, geographic information system–
derived walkability, and region.
Descriptive statistics for accelerometry data by age group
and gender are presented in Table 2. Activity was monitored
during a range of 3–13 valid days during each assessment
period, with 91.5% of the sample having 7 valid days. We
found no differences in valid days of wear time by age or
gender; however, compared with women, men had more
Am J Epidemiol 2010;172:1155–1165
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Table 2. Demographic Characteristics by Age Group and Gender, Senior Neighborhood Quality of Life Study,
United States, 2005–2007
Age 66–69 Years

Age 70–79 Years

Men

Men

Age ‡80 Years

Variable

No. of participants

Total

109

Women

106

182

Women

Men

229

89

Women

147

862

Mean age, years

67.4

67.4

74.4

74.3

84.4

84.6

Mean body mass index, a %

27.2

27.3

26.8

26.6

25.4

25.0

75.4
26.4

Normal

24.8

37.7

33.5

46.3

51.7

54.4

41.8

Overweight

56.0

38.7

50.5

28.4

34.8

32.7

39.2

Obese

19.3

23.6

15.9

25.3

13.5

12.9

19.0

Race, %
70.6

61.0

69.6

65.1

88.8

81.0

71.4

Black/African American

20.2

28.6

17.7

27.9

4.5

16.3

20.5

9.2

10.5

12.7

7.0

6.7

2.7

8.1

Other
Educational status, %
High school diploma

5.6

7.5

7.7

8.7

4.5

6.1

6.7

Some college

39.8

58.5

33.0

50.7

31.5

59.9

45.9

College diploma

54.6

34.0

59.3

40.6

64.0

34.0

47.4

Married or living with
a partner, %

80.6

41.9

78.0

37.1

69.7

17.0

51.7

5.5

17.9

8.2

15.7

30.3

41.5

19.0

11.0

8.5

8.2

15.7

6.7

3.4

6.4

Senior housing resident, %
Current smoker, b %
Neighborhood
characteristics, %
High income

54.1

47.2

53.8

43.7

56.2

50.3

50.0

High walkability

47.7

57.5

47.8

53.3

59.6

59.2

53.6

Seattle, Washington

50.5

39.6

52.7

45.0

68.5

61.9

52.0

Baltimore, Maryland

49.5

60.4

47.3

55.0

31.5

38.1

Region, %

a
b

2

2

48.0
2

Body mass index classiﬁcation: normal (<25 kg/m ), overweight (25–29 kg/m ), obese (30 kg/m ).
Deﬁned as smoking a cigarette, cigar, or pipe in the past 7 days.

valid hours of wear time per valid day at both assessments.
Significant trends (all P < 0.001) were present such that
LLPA, HLPA, and MVPA decreased and sedentary time
increased with age; and, compared with women, men had
more minutes of sedentary time, HLPA, and MVPA and
fewer minutes of LLPA.
Results from exploratory factor analyses of health
variables

From the original 13 self-reported health variables, 3
were eliminated from the analysis given exploratory factor
analysis–derived communality estimates of 0.20. Descriptive data for the remaining 10 variables and factor loadings
are displayed in Table 3. The exploratory factor analysis
yielded 2 factors with eigenvalues of 1.0, which together
accounted for 49% of the total variance. These factors
appeared to broadly represent physical health and psychosocial well-being. Three items showed evidence of crossloadings (general health rating, lower-extremity function,
and pain interference). These items were retained and permitted to load on both factors because these domains have
Am J Epidemiol 2010;172:1155–1165

displayed previous associations with other objective measures of physical health (29, 30) and well-being factors (31),
and they have strong factorial relevance for each of these
composite factors. Despite the cross-loadings, the 2 composite factors were only modestly correlated at r ¼ 0.32. To
illustrate how individual health indicator data were reflected
in the composite factors, descriptive data are presented
in Table 4 for individuals >1 standard deviation from the
composite factors means.
Test-retest stability and bivariate correlations among
intensity thresholds and health factors

Bivariate correlations among the different intensity categories, physical health, and well-being are displayed in
Table 5. Associations between LLPA, HLPA, and MVPA
were positive and showed stronger associations among adjacent categories than nonadjacent categories (i.e., a simplex
pattern). The correlations between sedentary time and the
other intensity categories were negative and also followed
a simplex pattern. The correlations between the intensity
categories and the physical health factor were positive
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Table 3. Mean Accelerometer Wear Data by Age and Gender, Senior Neighborhood Quality of Life Study, United
States, 2005–2007
Age 66–69 Years

Age 70–79 Years

Age ‡80 Years

Variable

Total
Men

Women

Men

Women

Men

Women

P for Age
Trenda

P for
Gendera

Time 1 (N ¼ 862)
Valid days of wear

7.0

7.1

7.0

7.0

7.0

6.9

7.0

0.337

0.776

14.7

14.2

14.8

14.5

14.4

14.2

14.5

0.075

0.007

Sedentary

544.8

518.5

581.8

546.6

604.3

585.7

563.0

<0.001

<0.001

Low-light

282.1

293.7

264.3

289.9

227.6

247.9

270.0

<0.001

<0.001

High-light

35.5

25.1

24.1

21.8

17.8

11.8

22.2

<0.001

<0.001

MVPA

21.3

15.2

15.3

10.4

11.6

4.0

12.3

<0.001

<0.001

Valid hours per valid day
Intensity category,
minutes/day

Valid days of wear

6.8

7.0

6.8

6.9

7.1

6.8

6.9

0.872

0.501

14.6

14.0

14.6

14.3

14.8

14.2

14.4

0.785

0.001

Sedentary

549.0

504.4

575.9

543.7

629.9

588.6

562.1

<0.001

<0.001

Low-light

272.4

296.2

259.6

286.1

232.3

249.9

268.6

<0.001

<0.001

High-light

33.1

25.2

24.5

20.9

16.2

11.4

21.8

<0.001

<0.001

MVPA

22.3

14.4

14.2

9.8

10.7

4.5

12.2

<0.001

<0.001

Valid hours per valid day
Intensity category,
minutes/day

Abbreviation: MVPA, moderate/vigorous physical activity.
All P values are 2-sided.

a

(higher scores ¼ better physical health) and generally of
moderate magnitude (however, they were weak for LLPA).
The correlations among physical activity categories and the
psychosocial factor were also positive but generally weaker

in magnitude. Sedentary time was not statistically correlated
with the physical or psychosocial health factors. The intraclass correlation coefficient values were acceptable for all
intensity categories.

Table 4. Mean (SD), Factor Loadings, and Scores for Participants Exceeding 61.0 SD on Factor Scores for Self-reported Health Outcomes,
Senior Neighborhood Quality of Life Study, United States, 2005–2007
Factor Score

Factor Loadingsa,b
Variable

Physical Health

Mean (SD)

Eigenvalue

Physical
Health

Psychosocial
Well-Being

3.39

1.50

£21.0 SD

‡1.0 SD

No. of medical conditions

1.30 (1.03)

0.80

2.04 (1.16)

0.18 (0.39)

No. of medications

3.23 (1.68)

0.79

4.13 (1.34)

0.93 (1.06)

General health rating

2.55 (0.92)

Body mass index

26.4 (4.7)

Lower-body physical
function

52.42 (16.74)

c

0.62

c

0.45

0.46
0.65c

0.32c

3.58 (0.71)

1.70 (0.71)

28.76 (6.01)

23.69 (2.88)

41.75 (18.14)

71.59 (12.81)

Psychosocial Well-Being
£21.0 SD

‡1.0 SD

3.33 (0.82)

1.79 (0.65)

46.28 (18.34)

68.10 (16.70)

Stress

3.53 (2.75)

0.72

6.74 (2.31)

0.50 (0.79)

Life satisfaction

1.71 (0.82)

0.68

2.65 (1.04)

1.02 (0.13)

Isolation

1.30 (0.53)

0.67

1.96 (0.64)

1.00 (0.00)

Feeling depressed/blue

0.11 (0.31)

0.59

0.35 (0.48)

0.00 (0.00)

Pain interference

2.01 (1.10)

3.05 (1.27)

1.15 (0.38)

0.49c

0.50c

3.19 (1.08)

1.28 (0.60)

Abbreviation: SD, standard deviation.
Factor loadings of 0.20 are not shown.
b
Items for confusion, number of falls in the past year, and perceptions of cognitive ability were eliminated because of communality estimates
of 0.20.
c
Factor loadings for cross-loading items.
a
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Table 5. Pearson Product Moment Correlation Coefﬁcients and Intraclass Correlation
Coefﬁcients for Sedentary, Low-Light, High-Light, and Moderate/Vigorous Physical Activity
Categories and Health Factors, Senior Neighborhood Quality of Life Study, United States,
2005–2007
Factora

Sedentary

Sedentary

LLPA

HLPA

MVPA

Physical
Health

1.00

0.36**

0.31**

0.12**

0.07*

LLPA

1.00

HLPA

Psychosocial
Well-Being

0.04

ICC

0.69

0.50**

0.16**

0.29**

0.12**

0.68

1.00

0.54**

0.40**

0.19**

0.74

1.00

0.37**

0.13**

0.80

MVPA

Intensity category associations with physical and
psychosocial health factor scores

Three statistical models—single, partition, and isotemporal substitution (refer to the ‘‘Data analysis’’ section of
the text and Figure 1)—were used to examine associations
between each intensity category and physical health and
well-being. Results are presented in Table 6, where model
numbers represent the analytical approach (refer to Figure 1),
and lowercase letters represent the outcome (a ¼ physical
health; b ¼ psychosocial well-being). The total effects of
MVPA, HLPA, LLPA, and sedentary time were tested using
the single activity models. For physical health, sedentary time
(model 1a) was negatively associated with physical health,
whereas LLPA (model 2a), HLPA (model 3a), and MVPA
(model 4a) were positively associated with physical health.
The strongest association with physical health was with
HLPA, where an increase of 30 minutes/day was associated
with a 0.46 standard deviation increase in physical health
score. For well-being, sedentary time (model 1b) was modestly, but negatively, associated with well-being, whereas
HLPA (model 3a) was positively associated with well-being.
MVPA (model 4a) and LLPA (model 2a) were unrelated to
well-being.
The unique effect of each intensity category on the health
factors was also examined using partition models. For physical health, MVPA, HLPA, LLPA, and sedentary behavior
retained significance in the expected direction (model 5a),
suggesting that activity in each category was associated with
physical health. For well-being, sedentary activity, LLPA,
and HLPA were positively associated, whereas MVPA was
not (model 5b).
The effect of substituting one physical activity category
with another was tested using isotemporal substitution
models. For physical health, the sedentary model (model
6a) suggested that substituting 30 minutes/day of sedentary
activity with MVPA, HLPA, and LLPA resulted in a 0.34
standard deviation, 0.30 standard deviation, and 0.07 standard deviation increase in physical health, respectively.
Models comparing HLPA with MVPA (models 8a–9a)
showed no substitution effects for these activity
Am J Epidemiol 2010;172:1155–1165

intensities, suggesting that the 2 were interchangeable with
respect to their associations with physical health. HLPA
conferred a positive effect on well-being over all other activity intensities (model 8b). No other substitution effects
were significant for well-being.
Finally, exploratory post-hoc analyses were conducted to
examine selected health indicators individually (body mass
index, general health rating, lower-extremity function). The
single indicators followed patterns similar to the composite
health score, with the exception of body mass index. Sedentary behavior, LLPA, HLPA, and MVPA were each independently associated with body mass index in the expected
directions; however, MVPA had a stronger association with
body mass index than did other intensity categories.
DISCUSSION

There were 4 primary results from this investigation.
First, older adults spent considerable time performing activities not captured in the sedentary and MVPA categories
(approximately 4.9 hours/day), with the majority of this
time spent in LLPA. Furthermore, the amount of time spent
engaging in light activities was reasonably stable over 6
months. Second, when their unique effects were examined
(i.e., partition models), both LLPA and HLPA were
positively associated with physical health and well-being.
Third, in the isotemporal substitution models, replacing 30
minutes/day of sedentary time with an equal amount of
LLPA, HLPA, or MVPA was associated with a higher
physical health score. Fourth, the physical health benefits
of HLPA were in the same range as those for MVPA, and
HLPA appeared to confer greater psychosocial well-being
benefits than all other forms of activity.
The descriptive accelerometry data presented in Table 2
showed, as expected, that older adults spent the majority of
their day in the sedentary range of activities. Among other
categories, older adults spent the most time in LLPA, a range
that represented approximately half the intensity range
between sedentary and MVPA. This profile of activity
appeared to be similar for each age group and gender
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Abbreviations: HLPA, high-light physical activity; ICC, intraclass correlation coefﬁcient; LLPA,
low-light physical activity; MVPA, moderate/vigorous physical activity.
*P < 0.05; **P < 0.001.
a
Factor scores have been reﬂected (multiplied by 1), so higher scores represent better health
and well-being.
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Table 6. Single Activity, Partition, and Isotemporal Substitution Models per a 30-Minute/Day Increase in Sedentary, Low-Light, High-Light, and
Moderate/Vigorous Physical Activity and Physical Health and Psychosocial Well-Being Factors, Senior Neighborhood Quality of Life Study, United
States, 2005–2007
Analysis Method (Modela)

Sedentary
bb

Low-Light
bb

95% CI

95% CI

High-Light
bb

95% CI

MVPA
bb

95% CI

c

Physical health (a)

Single activity (models 1a–4a)

0.09

0.10, 0.06

0.07

0.05, 0.09

0.46

0.37, 0.54

0.37

0.28, 0.46

Partition (model 5a)

0.02

0.00, 0.03

0.08

0.06, 0.11

0.32

0.21, 0.44

0.38

0.28, 0.48

0.07

0.04, 0.09

0.30

0.19, 0.42

0.34

0.23, 0.44

0.24

0.11, 0.36

0.21

0.10, 0.32

0.27

0.55, 0.01

Isotemporal substitutiond
Dropped

Replace low-light (model 7a)

0.07

0.09, 0.04

Dropped

Replace high-light (model 8a)

0.30

0.42, 0.19

0.24

0.36, 0.11

Dropped

Replace MVPA (model 9a)

0.17

0.22, 0.12

0.10

0.16, 0.05

0.14

0.03

0.05, 0.01

0.02

0.00, 0.05

0.23

0.13, 0.32

0.08

0.02, 0.18

0.02, 0.05

0.04

0.02, 0.07

0.27

0.16, 0.40

0.06

0.05, 0.17

0.01

0.02, 0.04

0.06, 0.27

Dropped

Psychosocial well-being (b)c
Single activity (models 1b–4b)
Partition (model 5b)

0.04
d

Isotemporal substitution

Replace sedentary (model 6b)

Dropped

Replace low-light (model 7b)

0.01

0.04, 0.02

Dropped

Replace high-light (model 8b)

0.24

0.36, 0.12

0.24

Replace MVPA (model 9b)

0.01

0.05, 0.07

0.02

0.24

0.12, 0.36

0.02

0.13, 0.10

0.24

0.10, 0.37

0.03

0.15, 0.08

0.50

0.81, 0.19

0.37, 0.10

Dropped

0.04, 0.08

0.25

0.10, 0.41

Dropped

Abbreviations: CI, conﬁdence interval; MVPA, moderate/vigorous physical activity.
Model numbers refer to those speciﬁed in Figure 1, and parenthetical letters refer to physical health (a) and psychosocial well-being (b) factors.
b
All models were adjusted for age (years), gender, race (white, African American, other), education (high school diploma, some
college, college diploma), senior housing resident status, current smoking status, site (Baltimore, Maryland, or Seattle, Washington), marital
status (married/living with a partner or single/widowed), neighborhood-level walkability, neighborhood-level income, and accelerometer wear time
(valid hours/valid days). Neighborhood clustering was adjusted for in all models. Models were adjusted to account for repeated measurement of all
accelerometer variables, the Late-Life Physical Disability Inventory-Advanced lower extremity score, and body mass index.
c
Post-hoc models were conducted for selected single indicators contained in health factors (body mass index, general health rating, lowerextremity function). Single indicators followed similar pattern of results, except for body mass index, which had greater inverse associations with
MVPA than high-light and low-light activity did.
d
Total activity time was entered in the isotemporal substitution models.
a

combination examined, and the expected age and gender
differences observed for MVPA were also present for LLPA
and HLPA. These data are consistent with nationally representative data from the National Health and Nutrition Examination Survey for sedentary behavior (19) and MVPA
(16), despite minor differences in how MVPA was defined.
The single activity, partition, and isotemporal substitution
models offered generally consistent results indicating that
light-intensity physical activity, particularly HLPA, was associated with better physical health and well-being. These
associations held even after adjusting for time spent in other
intensity categories. These models did, however, offer important distinctions within these associations that warrant
discussion. The partition models represented the unconfounded ‘‘unique effect’’ between each intensity category
and physical health and well-being. For physical health, all
intensity categories were significantly related to this factor.
This finding replicates those from other studies using objective physical activity measurement indicating that moderate
(32), sedentary (3), and light (33) activities have unique
associations with various health parameters.
The present study extends previous findings in 2 important ways. First, in one of the few studies we are aware of

that examined objectively measured light-intensity activity
in relation to health (33), light activity was broadly specified
to account for all activity between sedentary and MVPA
(100–1,951 counts/minute). The present study provides
a more refined analysis utilizing an intermediate threshold
with empirical support in older populations (10). This disaggregation of light activity into ‘‘low-light’’ and ‘‘high-light’’
appears to be important, because we found that the majority
of health benefits for light-intensity activity seemed to occur
in the HLPA range. In the absence of well-established thresholds for MVPA in older populations, it is not currently clear
whether the HLPA associations we observed actually represent
age-adjusted moderate-intensity activity or, alternatively, activity falling below moderate-intensity into the ‘‘light’’ category.
Future research should continue exploring this issue and specifically examine relative activity intensity and accelerometer
thresholds in older populations.
Second, the present physical health factor represents
a broad range of health-related indicators (chronic conditions, physical function, medication use, etc.), unlike other studies that focused on individual factors such as
weight change (27), blood glucose (33), and individual
self-reported health indicators (34). While understanding
Am J Epidemiol 2010;172:1155–1165
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their health more poorly. Finally, the use of accelerometrybased thresholds to define light-intensity activities makes the
types/modalities of activities that fit into these categories
difficult to determine. More research is needed to understand
what specific recommendations can be given to older adults
to ensure that activities they are performing are able to meet
these thresholds.
The present study adds to broader evidence that increased
physical activity and decreased sedentary behavior are associated with health in older adults. A key contribution of
the present study was evidence that, after controlling for
sedentary time and MVPA, light-intensity activities (defined
as falling below the commonly used Freedson threshold),
particularly HLPA, were associated with better physical
health and that HLPA conferred significant benefits to
well-being over other activity intensities. Continued investigation into light-intensity activity, particularly HLPA, is
warranted because these activities appeal to and are feasible
for older adults.
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