
Physical Activity Level and Physical Functionality in
Nonagenarians Compared to Individuals

Aged 60–74 Years

Madlyn I. Frisard,1 Jennifer M. Fabre,2 Ryan D. Russell,2 Christina M. King,2 James P. DeLany,3

Robert H. Wood,2 and Eric Ravussin,1 for the Louisiana Healthy Aging Study

1Pennington Biomedical Research Center, Louisiana.
2Louisiana State University, Baton Rouge.

3University of Pittsburgh, Pennsylvania.

Background. Functional dependence and the risks of disability increase with age. The loss of independence is thought
to be partially due to a decrease in physical activity. However, in populations, accurate measurement of physical activity is
challenging and may not provide information on functional impairment.

Methods. This study therefore assessed physical functionality and physical activity level in a group of nonagenarians
(11 men/11 women; 93 6 1 years, 66.6 6 2.4 kg, body mass index [BMI]¼ 24 6 1 kg/m2) and a group of participants
aged 60–74 years (17 men/15 women; 70 6 1 years, 83.3 6 3.0 kg, BMI¼ 29 6 1 kg/m2) from the Louisiana Healthy
Aging Study. Physical activity level was calculated from total energy expenditure (TEE) and resting metabolic rate
(RMR). Physical functionality was assessed using the Reduced Continuous Scale Physical Functional Performance Test
(CS-PFP10).

Results. Nonagenarians had lower absolute ( p , .001) and adjusted ( p , .007) TEE compared to participants aged
60–74 years which was attributed to a reduction in both RMR and physical activity level. Nonagenarians also had reduced
functional performance ( p , .001) which was correlated with activity level (r ¼ 0.68, p , .001).

Conclusions. When compared to individuals aged 60–74 years, 73% of the reduction in TEE in nonagenarians can be
attributed to a reduction in physical activity level, the remaining being accounted for by a reduction in RMR. The reduced
physical activity in nonagenarians is associated with less physical functionality. This study provides the first objective
comparison of physical functionality and actual levels of physical activity in older individuals.

FUNCTIONAL dependence and the risks of disability
increase with age. In 2003, more than one third of the

older population aged . 65 years and 64% of individuals
aged 85 years or older reported limitations in activities of
daily life (1). The loss of independence is thought to be par-
tially due to a decrease in physical activity; however, accu-
rate measurements of physical activity are challenging in
large populations (2,3). More importantly, the assessment of
functionality in older, especially very old individuals (�90
years) may provide more specific information on the se-
verity of impairment as well as steps for the prevention and
treatment of age-related disability.

One of the primary goals of gerontology research is the
maintenance of health and independence in older adults,
both of which are influenced by an individual’s physical
activity level (PAL) (4,5). Doubly labeled water (DLW) is
considered the reference method for the measurement of
total energy expenditure (TEE) under free-living conditions
(6). DLW studies not only allow the calculation of activity
energy expenditure (AEE) by difference between TEE, the
sum of resting metabolic rate (RMR), and the thermic effect
of food (TEF), but also provide an objective measure of
physical activity over periods of 1–2 weeks. While physical
activity level is an important determinant of an individual’s
health; it may be more important to know an elderly

individual’s functional status and whether it is related to the
actual current level of physical activity.

Tests of physical function in older individuals have
gained popularity as alternatives to traditional laboratory
measures of physical fitness (7). These tests have a number
of advantages because they evaluate the ability to perform
activities of daily living, provide more information on func-
tional impairment, are less susceptible to floor and ceiling
effects, and are applicable to a wider range of age and fitness
levels than are more traditional fitness tests (7–9). The
Reduced Continuous Scale-Physical Function Performance
Test (CS-PFP10) is an adaptation of the full CS-PFP
designed by Cress and colleagues (9) and is used in several
physical domains and applied to a broad spectrum of abil-
ities. The test has been validated against other measures of
physical fitness including maximal oxygen consumption and
measures of upper and lower body strength (9). However,
whether the CS-PFP10 physical functionality score is asso-
ciated with the level of physical activity in free-living con-
ditions is currently unknown.

Therefore, the purpose of this study was to examine if
there is a relationship in older individuals between phys-
ical functionality assessed by the CS-PFP10 and PAL
estimated by DLW and RMR. A secondary aim was to
examine whether nonagenarians were less functionally
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independent than aged (60- to 74-year-old) individuals and
whether this dependence was related to a reduced level of
physical activity.

METHODS

Participant Sampling and Recruitment
The participants included in this analysis represent a sub-

set from a population-based study known as The Louisiana
Healthy Aging Study (LHAS). The overall aim of the LHAS
is to determine whether characteristics of an individual’s
metabolism predispose to long (or not so long) life with the
retention of physical and cognitive functionality associated
with healthy aging. The total number of persons targeted in
the overall project, which was related to the genetics of
aging and longevity, was 877 with . 250 older than 90
years. After individuals are screened for the main project,
eligibility is then determined for other projects including
the present study and studies of cognitive functionality.
Participant sampling was performed via random selection
based on voter registration lists and The Medicare Bene-
ficiary Enrollment Data File from the Center of Medicare
and Medicaid Services. Method of recruitment included
mail-outs, follow-up phone calls, and (in the case of the
nonagenarians), a home visit made by members of the in-
vestigative team to explain the study in detail. The present
study is part of a National Institutes of Health (NIH)-
sponsored Program Project with two groups of older adults
included—that is, those aged 60–74 years and �90 years.
According to study design and the above eligibility criteria,
54 individuals were available for data analysis.

For this study, individuals were excluded if they had
unstable cardiovascular disease, had a myocardial infarction,
or cerebrovascular accident in the last 3 months; severe high
blood pressure; blood vessel aneurysm; taking certain med-
ications used for myasthenia gravis; have uncontrolled
asthma, an asthma-like condition, or emphysema and/or
chronic obstructive pulmonary disorder; thyroid disease;
mental health problems requiring drug treatment; or a Mini-
Mental State Examination Score , 23. Blindness was the
only functional exclusion criterion. Participants provided
written informed consent. The Institutional Review Boards
at the Pennington Biomedical Research Center and at
Louisiana State University approved the study.

DLW
Upon arriving at the Pennington Center, each participant

provided a baseline urine sample and were then dosed with
a mixture of 2.0 g of 10% enriched H2

18O and 0.12 g of
99% enriched 2H2O per kg of estimated total body water
(55% of body weight) (Cambridge Isotopes, Cambridge,
MA). The dose was followed by 100 mL of tap water used
to rinse the dose container. Two more urine samples were
collected at 4.5 and 6 hours after dosing. On the mornings
of days 13 and 14, participants were instructed to discard
their first morning urine and collect the second urine of the
day. Samples were kept refrigerated in airtight containers
and were picked up by the study staff. The 18O abundance
was measured in duplicate on a Finnigan MAT 252 dual

inlet Gas Isotope Ratio Mass Spectrometer (10). The 2H2

abundance was also measured in duplicate on the same
Isotope Ratio Mass Spectrometer using a Finnigan
H/D device (10). The enrichments of the postdose samples
were compared to the enrichment of the baseline sample.
The 2H and 18O isotope elimination rates (kD and kO) were
calculated using linear regression following a log transfor-
mation. Total body water (N) was determined at enrichment
time 0, obtained from the regression line of the H2

18O
isotope. The rate of CO2 production was calculated using
the equations of Schoeller and colleagues (11) and were
later modified (12) as follows (11,12):

rCO2 ðmol=dÞ ¼ ðN=2:078Þð1:007kO � 1:041kDÞ
� 0:0246rGF;

where rCO2 is the rate of carbon dioxide production; N is
total body water calculated from NO/1.007; kO and kD

represent the elimination rates of oxygen-18 and deuterium,
respectively; and rGF is the rate of fractionated gaseous
evaporative water loss, which is estimated to be 1.05N
(1.007kO� 1.041kD). TEE was calculated as follows:

TEE ðkcal=dÞ ¼ 22:4 rCO2 ð3:9=RQþ 1:10Þ;
where RQ is the estimated respiratory quotient (estimated to
be 0.88). The energy equivalent of CO2 (EeqCO2) was
therefore 5.637 kcal/L CO2.

RMR
RMR was measured in the fasting condition using a

Deltratrac II metabolic cart (Sensormedics, Yorba Linda,
CA). The participants were required to rest for 30 minutes
before the start of the test. Oxygen consumption and car-
bon dioxide production was measured for 30 minutes, and
the last 20 minutes were used to calculate RMR. The cart
was calibrated before each test using room air and a known
calibration gas concentration (96% oxygen and 4% carbon
dioxide).

PAL
AEE was determined by the following equation (13):

AEE ¼ TEE� ðRMRþ 0:1TEEÞ
This approach assumes that the TEF is 10% of TEE (14).

The level of physical activity often referred to as PAL
was calculated as the ratio of TEE/RMR. To avoid potential
bias by using a ratio, PAL was also calculated using linear
regression analysis to adjust TEE for RMR (15).

Body Composition
Body weight was measured in a hospital gown with an

electronic scale (Detecto, Webb City, MO) that was checked
daily with a standard 25-kg weight. Height was measured
with a wall-mounted stadiometer (Holtain, Crymych, Dyfed,
U.K.), and body mass index was calculated as mass/height2

(kg/m2). Body composition was measured by dual-energy
x-ray absorptiometry (DEXA) (QDA 4500A; Hologics,
Bedford, MA).
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CS-PFP10
Participants performed the CS-PFP10 developed by Cress

and colleagues (9). Briefly, the CS-PFP10 involves the
performance of 10 tasks representing activities of daily
living. Participants are instructed to perform the activities as
quickly, but as comfortably as possible. Participants are al-
lowed to use assistant devices such as a cane; however, no
one in the current study requested the use of one. The test
includes the following:

1. Weight carry test: Participant will carry two 5-lb sand-
bags from one counter to another counter approximately
63 inches away.

2. Jacket test: Participant will put on a light windbreaker
and zip the jacket completely.

3. Scarves test: Participant will pick up four scarves, one
at a time, from the floor.

4. Reach test: Participant will reach as high as possible
and place a sponge on a shelf, which is an 8-foot-high
adjustable shelf mounted on the wall.

5. Floor sweep test: Participant will sweep up a ½ cup of
kitty litter in a 4 3 3 block square.

6. Laundry test 1: Participant will empty clothes from
a top-loading washer into a front-loading dryer.

7. Laundry test 2: Participant will unload a dryer and then
place two sandbags into a laundry basket and move the
basket to the cabinet, 36 inches high adjacent to the dryer.

8. Floor down/up test: Participants will start in the stand-
ing position and then sit down on the floor and then
immediately stand up finishing with their arms at their
side.

9. Stair climb test: Participants will climb one flight of
stairs, 9–11 steps, 12 inches in depth, 6.5 inches high.

10. Grocery test: Participant will carry a comfortable
amount of groceries 16 yards to a set of bus steps,
ascend the bus steps, turn around, descend the steps,
carry the bag to the door, and open and close the door.
The total walking distance is 42 yards, excluding the
steps. Participants may make more than one trip, and
the maximum weight allowed is 30 lb over two trips.
Scores are scaled from 0 to 100 utilizing a formula
based on lower and upper extremes of performance
from previously tested older adults.

The CS-PFP10 total score is the average score of all of the
tests (8).

Statistical Analysis
Data are provided as means 6 standard error of the mean

(SEM). Statistical analysis was performed using SPSS
(version 12; SPSS Inc., Chicago, IL). Multiple regression
analysis was used to adjust TEE for fat-free mass (FFM), fat
mass (FM), and sex in one model and for RMR in another
model. The residual values represent the difference between
predicted and measured values. Procedures for t tests were
used to assess differences between the groups. Spearman
correlation coefficients were run to assess relationships
between measurements of physical activity.

RESULTS

Body Composition
A total of 54 participants were included in the analysis.

Participant characteristics by age group and sex are
displayed in Table 1. Nonagenarians weighed significantly
less (p , .001) and had significantly less FFM (p , .005)
and FM (p , .001) than did participants aged 60–74 years.
As expected, in both groups, men were taller and weighed
more than women (both, p¼ .05), and women had a higher
percent body fat with less FFM than men (both, p , .05),
but similar FM.

Energy Expenditure and PAL
Nonagenarians had significantly lower RMR (p , .001)

and TEE (p , .001) than individuals aged 60–74 y that
were independent of differences in FFM, FM, and sex
(Table 2 and Figure 1, top). After adjustment for FFM, FM,
and sex, nonagenarians had a daily TEE that was 267 kcal/d
lower than that of participants aged 60–74 years (p , .001).
Similar results were noted when TEE was adjusted for
differences in RMR (an indicator of metabolic body size) by
regression analysis (data not shown). RMR in the non-
agenarians was 72 kcal/d (p , .001) lower than that in
individuals aged 60–74 years independent of differences in
body weight and body composition; this finding accounted
for 27% of the lower TEE in the nonagenarians (Figure 1,
bottom left).

The energy cost of physical activity (AEE) was signifi-
cantly lower in the nonagenarians (p , .001, Figure 1, bottom
left). Adjusted AEE was 159 kcal/d lower in the non-
agenarians; this finding accounted for 73% of the lower TEE.

Table 1. Participant Characteristics

Characteristic

60–74 Years Old �90 Years Old
Age

Effect

p Value

Men

(N ¼ 17)

Women

(N ¼ 15)

Men

(N ¼ 11)

Women

(N ¼ 11)

Age, y 71 6 1 70 6 1 93 6 1 93 6 1 —

Height, cm 176 6 1 159 6 1* 169 6 1 158 6 1* .120

Weight, kg 90 6 3 76 6 5* 71 6 2 60 6 4* .001

BMI, kg/m2 28 6 1 30 6 2 25 6 1 24 6 1 .001

Percent fat mass, % 28 6 1 41 6 1* 26 6 2 35 6 2* .111

Fat-free mass, kg 64 6 2 45 6 2* 53 6 1 38 6 2* .005

Fat mass, kg 25 6 2 32 6 1* 18 6 1 21 6 2 .001

Notes: All values are mean 6 standard error of the mean.

*Sex difference p , .05.

BMI¼ body mass index.

Table 2. Energy Expenditure by Age Group

60–74 Years Old �90 Years Old
Age

Effect

p Value

Energy

Expenditure

Men

(N ¼ 17)

Women

(N ¼ 15)

Men

(N ¼ 11)

Women

(N ¼ 11)

RMR (kcal/d) 1627 6 38 1297 6 58 1296 6 39 1066 6 45 .001

TEE (kcal/d) 2852 6 112 2293 6 176* 2052 6 80 1608 6 62* .001

TEE (kcal/d)y 88 6 85 159 6 149 �136 6 47 �217 6 78 .007

AEE (kcal/d) 940 6 80 767 6 144 551 6 59 381 6 54 .001

Notes: All values are mean 6 standard error of the mean.

*Sex difference p , .05.

yExpressed as residual values (measured minus predicted value of the mean

of the entire group). Adjusted for fat-free mass, fat mass, and sex.

RMR ¼ resting metabolic rate; TEE ¼ total energy expenditure; AEE ¼
activity energy expenditure.
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PAL was also significantly lower (60- to 74-year-olds, p ,
.005, Figure 1, bottom right) in the nonagenarians compared
to the participants aged 60–74 years.

CS-PFP10
As expected, nonagenarians scored significantly lower on

all aspects of the CS-PFP10 than the individuals aged 60–74
years (all, p , .001; Figure 2). In addition, the CS-PFP10
total score was highly correlated with PAL (r ¼ 0.68, p ,
.001; Figure 3) and persisted when analyzing the non-
agenarians (r ¼ 0.78, p , .003) or the 60- to 74-year-old

individuals (r¼ 0.52, p , .002) separately. There was also
a significant relationship between CS-PFP10 score and TEE
adjusted for FFM, FM, and sex (r¼ 0.35, p , .009; data not
shown), and this remained significant when analyzing the
individuals aged 60–74 years (r ¼ 0.52, p ,.002) and the
nonagenarians only (r¼ 0.61, p , .004).

DISCUSSION

To our knowledge, the Louisiana Healthy Aging Study is
the first of its kind to examine the relationship between

Figure 1. Top: Relationship between total energy expenditure (TDEE) and resting metabolic rate (RMR) with fat-free mass. Closed squares: 60- to 74-year-old Total

Daily Energy Expenditure; open squares: � 90-year-old TDEE. Closed triangles: 60� to 74-year-old RMR; open triangles: � 90-year-old RMR. Dashed line:
Regression line of TEE in the 60- to 74-year-olds (r¼ .78, p , .001). Solid line: Regression line of resting metabolic rate in 60- to 74-year-olds (r¼0.90, p , .001). Dotted
line: Regression line of TEE in �90-year-olds. Dashed/dotted line: Regression line RMR �90-year-olds. Bottom left: TEE and its components. TEF, thermic effect of

food. Black bar¼RMR; light gray bar¼TEF; dark gray bar¼AEE. Both RMR (p , .001) and AEE (p , .001) were significantly lower in the nonagenarians. Bottom
right: Physical activity level (PAL) in the two groups. PAL is a ratio; no units are assigned to it. PAL was significantly (p , .005) lower in the nonagenarians.
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functional performance and levels of physical activity (PAL
and AEE) in a group of elderly individuals. The results of
this study support previous findings that both absolute TEE
and TEE adjusted for body weight and body composition
are lower in nonagenarians when compared to individuals
aged 60–74 years and is attributed to a decrease in both
RMR and PAL (16). The present study also demonstrates
that nonagenarians have impaired functional performance
compared to younger individuals and that this is associated
with reduced physical activity. These findings in non-
agenarians, a model of ‘‘successful aging,’’ imply that some
degree of functional impairment is part of the natural aging
process, but maintenance of physical activity may help to
delay this age-related decline. Finally, this study provides
for the first time evidence that the CS-PFP10 is associated
with the level of free-living physical activity in elderly
individuals.

Aging is associated with an increased risk of frailty, a
dependent state of reduced physiological reserves charac-
terized by generalized weakness, increased risk of fractures,
impaired mobility, and poor endurance (17–20). Although
most elderly individuals die from age-related illnesses such
as cardiovascular disease and cancer, many of the oldest old,
having escaped these age-related diseases will suffer from
frailty, impaired physical function, and an inability to live
independently (19). Physical activity helps to maintain

strength and endurance and may be beneficial in the main-
tenance of functional independence (21–23). Physical func-
tion tests have gained popularity because they provide more
specific information on the level of independence than do
typical laboratory measures of aerobic fitness. In the current
study, nonagenarians were less physically functional and
less physically active than were participants 20 years
younger. However, this relationship does not imply cause
and effect but suggests the possibility of using the CS-
PFP10 as an alternative test when DLW is not feasible (cost,
length of measurement). Previous intervention studies have
shown, however, that structured exercise results in signif-
icant improvement in functionality, and that detraining
results in opposite changes (5,24–26). In the present study,
PAL was lower in nonagenarians, accounting for approx-
imately 60% of the decline in TEE. However, since PAL is
the ratio between TEE and RMR, it can suffer from pre-
viously described artifacts (15). We therefore also confirmed
the association between functionality and activity by adjust-
ing TEE for RMR as an index of activity.

There are a number of factors that contribute to an indi-
vidual’s PAL, including illness and disease as well as
psychological and environmental factors. It was impossible
in our study to determine the contribution of each of these to
an individual’s activity status. However, study participants
had to be well enough to come to the testing facility; this
fact excluded individuals who were too ill to participate. It is
also possible that some extremely old individuals choose not
to engage in a more active lifestyle for reasons other than
inability or infirmity, which may have been the case in the
current study (27,28). Therefore, assessment of lifelong in-
stead of present PAL may provide more information on the
effect of physical activity on health and independence (29).
Importantly, only longitudinal studies will provide more
specific information on the changes in physical activity
patterns and physical functionality over time (30).

Figure 2. Physical functionality in the two groups. Top: Total score. Bottom:
Individual components. The nonagenarians were significantly (all, p , .001)

less functional than individuals aged 60 to 74 years. CS-PFP10 ¼ Continuous

Scale Physical Functional Performance Test.

Figure 3. Top: Relationship between Continuous Scale Physical Functional

Performance Test (CS-PFP10) score and physical activity level (PAL) (r¼ 0.68,

p , .001). The relationship between the CS-PFP10 and PAL was also significant

when analyzing the nonagenarians (r¼0.78, p , .003) and aged individuals (r¼
0.52, p , .002) separately. TEE ¼ total energy expenditure; RMR ¼ resting

metabolic rate.
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Conclusion
This study is the first to demonstrate a relationship be-

tween physical functionality and PAL in older individuals.
In addition, TEE is lower in nonagenarians independent
of differences in body weight and body composition, and
this is attributed to a lower RMR (»70%) and reduced phys-
ical activity (»73%). Furthermore, nonagenarians had re-
duced physical activity, which may lead to a deficit in
physical functionality.
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