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ABSTRACT. Aims and Methods: The primary pur-
pose was to characterize mean and individual-level
patterns of change in physical functional performance
over eight years (2 year intervals) in a community
dwelling sample of Swedish twins (579 men and wom-
en aged 79-96 vears at baseline). Results: Mixed linear
models revealed linear rates of decline for handgrip
strength (grip) and time to complete five chair stands,
and accelerating decline for peak expiratory flow rate
(PEFR) for both sexes. Significant random effects
were found for intercept and time for grip and PEFR
tests, indicating differences between participants ini-
tially and over time. Individual differences in chair-
stand performance were significant for initial status on-
ly. Age at baseline was predictive of initial status in
grip, PEFR and chair performance (women only), but
not rate of change. Measures of body size at baseline
were predictive of individual variation in initial grip
(height), PEFR (weight in men, height in women), and
chair performance (height), but had less consistent
associations with changes in test performance over
time. In the deceased sub-sample (85% of partici-
pants), having been further from death was related to
less steep declines in grip, but not PEFR or chair per-
formance. Twins from the same pair were related in ini-
tial status (twin level variance ~30-70%), but they
were not generally related in rate of change. Con-
clusions: These results indicate that changes in phys-
ical functional performance in an elderly, community-
dwelling population vary across individuals in a test-
and sex-dependent manner. Constitutional variables

(age, sex, body size) are predictive of baseline perfor-
mance, but explain little variance in change over time.
Initial status and rate of change in grip strength had
the strongest association with proximity from death, in-
dicating that while PEFR and repeated chair stand
time are useful tests to assess function, grip strength
appears to be a particularly useful biomarker in the old-
est-old.

(Aging Clin Exp Res 2006; 18: 517-530)
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INTRODUCTION

The maintenance of a physically independent lifestyle
in old age depends, to a significant extent, on adequate
levels of functional ability (1, 2). Most measures of func-
tion in physical ability (e.g., strength, endurance, bal-
ance, agility) indicate that adults’ performance peaks be-
tween the second and fourth decades of life and then de-
clines progressively with advancing age (3). Adults in
very late life (>80 yrs), and particularly those who are
sedentary, tend to demonstrate significantly reduced per-
formance in basic physical functions and are therefore at
a higher risk of developing disability. These individuals may
be functioning close to their maximum capacity during
normal daily activities (lifting, carrying objects, climbing
stairs), and even an acute illness or minor physical setback
can result in further decrements in physical function and
the subsequent loss of independence in performance of
daily activities (2). Because performance of basic physical
function plays such a significant role in determining out-
comes for the oldest-old, it is important to understand pat-
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terns of change in physical functional performance over
time in this age group.

There are several tests of physical performance that are
commonly used in studies of older adults. Peak isometric
handgrip strength (i.e., grip strength) has been the most
widely used objective measure of upper body strength in
large-scale, longitudinal studies due to its simplicity, low
cost, and its relevance to many activities of daily living
(food preparation, opening cans, carrying objects; [4]).
Grip strength is also positively associated with total body
muscle mass and strength measured in other muscle
groups (arms, leg, and trunk; [2, 5, 6] and therefore is of-
ten used as a global index of muscular aging. In addition
to measuring limitations in upper body function, tests of
lower body function have also been widely used as mea-
sures of physical performance. Lower extremity strength
is closely associated with mobility in older women (7, 8)
and men (7, 9). Lower body function has important im-
plications for independence and disability in older adults.
Past studies have shown that repeated chair stand per-
formance, a common method of assessing lower body
function in older adults, is significantly correlated with cri-
terion measures of lower extremity strength (2).

Peak expiratory flow (PEF) and other indicators of
lung function are also parameters of interest in the func-
tional assessment of older adults. Within normal limits,
lung function is not generally considered a limiting factor
to the performance of daily activities, including strenuous
exercise (3, 10, 11). Individuals who are exposed to to-
bacco smoke and/or who have a condition(s) that causes
lung damage (chronic bronchitis, emphysema, or possibly
asthma), however, exhibit accelerated declines in lung
function that can eventually limit their daily physical ac-
tivities (12). Deviations from normative, age-related decline
in expiratory lung function within a given individual could
reflect a change in his or her overall health status (i.e., ac-
cumulated effects of exposure to oxidative stress or dis-
continuation of a negative health habit such as smoking),
and these changes could impact his or her ability to
function independently in everyday activities.

Poor levels of grip strength, lower body strength, and
expiratory lung function have each been linked to neg-
ative outcomes in later life. Recent longitudinal studies
of middle-aged and older populations have determined
that these abilities are highly predictive of subsequent
functional decline and mortality. Rantanen et al. re-
ported that men in the lowest tertile for grip strength at
middle age were twice as likely as men in the highest ter-
tile to experience functional limitations later in old age
(71-96 years; [13]). A series of studies has demonstrat-
ed that poor performance on tests of lower extremity
strength and power is predictive of future falls, mobility
related impairment, and placement in dependent care fa-
cilities for women (14-16). In both of these examples,
the research participants were functionally indepen-
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dent and reported little or no disability at baseline.
These findings suggest that objective tests of muscle
strength may serve as valid pre-clinical markers of dis-
ability. Finally, in addition to the outcomes of func-
tional decline, falls, and institutionalization, compro-
mised muscle strength (upper and lower body) and re-
duced lung function have also been cited as long-term
predictors of mortality (17-21). The association be-
tween muscle function and survival has been observed in
multiple populations of middle-aged and older adults.

To date, most longitudinal investigations of physical
performance and aging have focused on describing the
patterns and predictors of “group”, or “mean-level”,
change over time. Longitudinal data on peak grip
strength, for example, are characteristically described
via three group-level patterns of change: stability, de-
cline, or the less common category of improvement over
time (13, 22, 23). Changes in function have also been de-
scribed using mean-level data on discrete age categories
(i.e., accelerated decline beginning in late midlife; (24).
These approaches are useful for describing and predicting
average changes over time within and between groups of
older adults, but tend to over-generalize and over-simpli-
fy individual differences in the aging process. A longitu-
dinal analysis of any outcome at the mean level is unfor-
tunately more likely to describe patterns of the group bet-
ter than the pattern for any individual within that group.
Because mean-level analyses have the potential to mask
underlying patterns of intra-individual variability and
change, models that include both mean-level and indi-
vidual-level parameters are more valid in describing actual
change patterns over time (25).

Although it is acknowledged that large inter-subject
variation in muscle function is likely to increase with
age, and that group trajectories differ between various tests
of muscle function (24), there are few, if any, longitudinal
studies of the oldest old (>80 yr) that have directly ex-
amined inter-individual differences in rates of change in
muscle and lung function.

The purpose of the present investigation was to ex-
amine the patterns and predictors of individual rates of
change over time for grip strength, expiratory lung func-
tion, and repeated chair stand performance in the oldest-
old. In addition to analyses of average levels of change in
a population-based sample of the oldest-old, we also
specifically tested for the presence of inter-individual
variation in initial level (variation in level at the first study
occasion) as well as inter-individual variation in the rate of
change over time.

The models for these analyses were evaluated as a
function of age, sex, height and weight, and models ex-
amined the effect of proximity to death as a predictor of
decline in these three functional tests. For the current anal-
yses, we hypothesized that although there would be
mean-level patterns of decline in performance over the
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ight-year course of the study, there would also be sig-
pificant levels of inter-individual variability in change over
.me-. Thus, we expected that models including individual-
I ovel parameters would be better at describing patterns of
change over time in performance of muscular and lung
ction in the oldest-old. We also expected that much of
e individual variation in change over time would be
explained by factors such as age, height, weight, and dis-
tance to death.

METHODS
FParticipants

Participants included 579 community dwelling men
(n=191) and women (n=388) drawn from the longitudinal
population—based twin study, Origins of Variance in the
01d-0ld (OCTO-Twin; [26]). Only participants with base-
line data on the three examined variables were included in
subsequent analyses. Participants were assessed at five dif-
ferent occasions at 2-year intervals. Age at the first oc-
casion ranged from 79 to 96 years (M=83.2, SD=2.8)
and vyears of formal schooling ranged from 0 to 23
(M=7.1, SD=2.3). The gender ratio, education, socio-eco-
nomic status, marital status, and housing of the OCTO-
Twin sample correspond to population statistics for this
age segment of the Swedish population (27). Dates of
death were obtained from the Swedish death registry
for approximately 85% of participants, with the remain-
ing 15% still living at the time of analysis. The deceased
subsample of men (n=173) and women (n=320) was
similar to the total sample in age at the first occasion (79-
93 vyears, M=83.4, SD=2.9) and in years of formal
schooling (0-23 years, M=7.1, SD=2.3).

The OCTO-Twin study protocols were approved by the
Swedish Data Inspection Authority and the Ethical Review
Board at the Karolinska Institute, Stockholm. Permis-
sion to conduct secondary data analyses was granted by
Penn State’s Office for Research Protections.

Measures

The OCTO-Twin Study includes a broad spectrum of
bio-behavioral measures of health and functional capacity,
Personality, well-being, and interpersonal functioning. The

ee outcome measures used in the current study were grip
Strength, pulmonary expiratory function, and time to com-
Plete five chair stands. Grip strength was measured by hav-
Ing participants squeeze a Martin vigorimeter (Elmed Inc.,
AddiSOI’l, IL, USA; medium size bulb) three times for each

and, with the final score being the maximum force (in
Pounds per square inch) exerted in the 6 trials. Peak ex-
Piratory flow rate is an index of expiratory lung function
28) and was measured by asking participants to place a
Shirometer in their mouth and blow out as forcefully as pos-
Sible on three separate trials. The results from the trial with

e highest expelled flow rate (measured in liters per second)
Were used as the measure of maximum pulmonary expi-
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ratory function. Time to complete five chair stands is an in-
dex of lower body strength and was measured by asking
participants to sit in a chair, cross their arms at thejr
chest, and stand up from the chair five times as quickly as
possible without using their arms for assistance. The nurse
administering the interview used a stopwatch to measure
the amount of time it took (in seconds) for the participant
to complete this task.

Procedures

The participants were assessed in their place of resi-
dence by licensed nurses (RNs) who were trained to con-
duct assessments of cognitive, motor, and physical func-
tion of elderly residents. Test-retest reliability of the grip,
chair stand and expiratory tests was not formally quanti-
fied. However, consistency of testing procedures across
waves was ensured by 1) using standardized testing pro-
cedures and participant instructions, 2) scheduling regu-~
lar meetings and inter-tester comparisons among the
five nurses performing these functional assessments and
3) the involvement of two nurses across the entire dura-
tion of the study (i.e. these two nurses were involved in
testing at all 5 waves).

A complete testing session for each wave of OCTO-
twin typically lasted eight-hours, which included an aver-
age of 3.5 - 4.0 hours of actual cognitive, motor and
physical functional testing. The “pace” of these tests
were individually adjusted and multiple rest periods were
allowed throughout the day (including a nap if needed) to
minimize participant fatigue.

Scheduling was arranged to minimize geographical,
age, or gender order effects, and different nurses as-
sessed the members in a pair within one month of the sib-
ling’s test date. The nurses were deliberately kept blind to
zygosity of the twins to avoid expectation biases.

RESULTS

Analytic method

Univariate mixed linear models (29) were estimated us-
ing SAS PROC MIXED software in order to examine the
overall pattern and individual differences in change across
the five occasions for the three functional outcomes.
Time was centered such that the intercept reflected initial
status (baseline, or wave 1). The fit of models differing in
both fixed and random effects was evaluated with maxi-
mum likelihood deviances and Information Criteria (AIC.,
BIC). The significance of fixed effects was evaluated with
Wald’s tests in which degrees of freedom were estimated
using the Satterthwaite method. Fixed effects represent-
ing average initial level (intercept) and average rate O
change and deceleration of change across time (linear and
quadratic slopes) were estimated, as well as person-specific
deviations of the intercepts and slopes, or random effects.
The magnitude of the random effects was expressed us-
ing 95% confidence intervals (Cl), calculated as + 28D of
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Table 1 - Descriptive statistics and intraclass correlations (ICC) by outcome variable and sex.

Grip Strength

Expiratory Flow Rate Chair Stand Time

Women Men Women Men Women Men
Proportions of variance:

Level 1 (time) 0.48 0.50 0.44 0.34 0.41 055
Level 2 (twin) 0.33 0.46 0.33 0.27 0.21 0.37
Level 3 (pair) 0.19 0.05 0.23 0.39 0.38 0.08
ICC Time (twin)? 0.52 0.50 0.56 0.66 0.59 0.45
ICC Twin (pair)® 0.36 0.09 041 0.60 0.64 0.18

Estimated Means (SE): 350,34 L6
Y 8.03 11.34 277.20 . . 15.36
er? (0.14) (0.21) (5.05) (10.25) (0.33) (0.37)
Year 2 7.25 10.07 289.99 392.32 17.50 16.79
o (0.14) (0.22) (5.47) (10.65) (0.36) (0.42)
Year 4 6.23 9.07 273.09 369.57 17.54 16.24
h (0.15) (0.24) (6.00) (11.59) (0.40) (0.51)
Year 6 5.64 8.22 24555 340.70 17.51 16.42
(0.16) (0.27) (6.29) (12.55) (0.43) (0.60)
Year 8 5.08 7.47 224.62 298.36 18.25 17.57
(0.17) (0.30) (7.12) (14.25) (0.50) (0.74)

aProportion of total variance at the twin and pair levels. ®Proportion of person-level variance at the pair level.

the random variance around each fixed effect (i.e., aver-
age) estimate.

Table 1 displays, by sex, the estimated means and stan-
dard errors for each outcome, which show the expected
decline over time. It is important to note that these
means are freely estimated in a saturated model using full
information maximum likelihood, which adjusts the esti-
mates in the presence of missing data based on prior ob-
servations for individual and other covariates. Thus, these
values would not precisely correspond to the observed
means, which would likely be too high given non-random
attrition (e.g., observations that are missing due to health
problems would likely lower mean estimates of func-
tion). Full information maximum likelihood model esti-
mates are unbiased and efficient given the assumption of
missing at random, or that the probability of missingness
is not related to what the outcome would have been
once covariates are included in the model (30). Although
it is not possible to formally test whether this assumption
is met, we believe it is likely given the covariates included
in the models below (e.g.. age, height, weight, years to
death, and prior observations for each individual).

In order to account properly for the correlation be-
tween individuals from the same twin pair, a three-level
model was specified as time within twin pair for each out-
come separately for each sex. Proportions of variance at
each level and the intraclass correlations are provided in
Table 1. As shown, between 33% and 55% of the out-
come variance occurred within-twin (intraclass correlations
of time within twin and pair ranged from 0.45 to 0.67),
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and between 21% and 39% of the outcome variance oc-
curred within-pair (intraclass correlations of twin within
pair ranged from 0.22 to 0.64). Random intercepts
were specified at the pair level in each model, but adding
a random slope at the pair level did not significantly im-
prove fit in any model, suggesting that although twins
from the same pair were related in initial status, they were
not generally related in rate of change. Separate random
effects and residual variances across zygosity type were ex-
amined in order to account for differences in the corre-
lations within twin pairs of different zygosity types, but the
models were not substantially improved, as indicated by
the information criteria. Thus each model included a
random intercept at level 3 (the pair level), and both
random intercepts and slopes at level 2 (the twin level),
and did not differ by zygosity.

The unconditional models (i.e., with predictors of time
only) are described first for each outcome and sex. The ex-
tent to which variance in the random effects (i.e., indi-
vidual intercepts and slopes) could be predicted by co-
variates of initial height, initial weight, initial age, and years
to death from first occasion was then examined. Main ef-
fects (i.e., effects on the intercept) and interactions with
time (i.e., effects on the slope) of initial height in cen-
timeters (men: M=171.1 cm, SD=6.5; women M=157.1
cm, SD=5.9) and initial weight in kilograms (men:
M=73.0 kg, SD=10.9; women M=60.0 kg, SD=10.5)
were included in the conditional models as control vari-
ables. The extent to which initial age could predict initial
status and rate of change was then examined, thus al-
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lowing for separate between- and within-person effects of
age, respectively. Finally, the extent to which years to
death from first occasion (available for 85% of the sample;
M=6.2, SD=3.3) could further predict initial status and
rate of change was examined. Interactions of age with
height, with weight, with years to death, and of years to
death with height and with weight were included in all
models, but were significant only where noted in the re-
sults text below. The effect of change in weight over
time (i.e., time-varying weight) was non-significant, and is
thus not reported here.

Initial height and weight were each centered at the
grand mean within sex, age was centered at 85 years,
and years to death from the first occasion was cen-
fered at 6 years. Thus the intercept in the age-condi-
tional models represented the expected initial status
for an 85-year-old, of average height and weight with-
in sex, with the additional reference in the death-con-
ditional models of a person who died 6 years after the
first occasion. Separate models were estimated for men
and women within each outcome because of the large
sex differences at the first occasion (i.e., baseline effects).
Provided in the text separately by sex are the fixed ef-
fects (with 95% CI for the random effects) from the un-
conditional growth models and standardized coefficients
(based on the first occasion within sex) for the effects of
the covariates within the age- and death-conditional
models. Psuedo RZ values were calculated as described
in Singer and Willett (29).

Provided next are the predicted absolute and relative

Physical functional changes in the oldest old

decline for persons who were examined for the first
time, i.e. baseline ages at either age 80 or 90 and tests of
sex differences in initial status, in linear and quadratic rates
of change, and in the effects of age and years to death on
initial status and linear rates of change. Finally, conditional
model unstandardized parameters and predicted trajec-
tories at example levels of initial age and years to death for
grip strength, expiratory function, and chair stand time are
given in Tables 2, 3, and 4, and Figures 1, 2, and 3, re-
spectively. Alpha was set at 0.05.

Grip strength

Women. The unconditional growth model of grip
strength for women included random intercepts at the
pair and twin levels, and random linear and fixed
quadratic effects of time at the twin level. The expected
value at the first occasion was 8.06 pounds per square
inch (95% CI for pair = 5.80 to 10.31, for twin =
4.63 to 11.48), the instantaneous rate of decline at the
first occasion was -0.47 pounds per square inch per year
(95% Cl=-0.85 to -0.09), and the expected deceleration
of decline was 0.01 pounds per square inch per year.
The fixed quadratic effect of time was no longer signif-
icant in the full and deceased samples in the condi-
tional models.

As seen in the bottom of Table 2 and Figure 1, in the
full sample, initial grip strength was greater for taller
women (0.04 SD/cm) and for younger women (-0.06
SD/year), although there was an under-additive interac-
tion between initial height and age (0.01 SD/cm/year).

Table 2 - Grip strength conditional model parameters by sex for age and years to death (Ytd).

Women Men
Age Ytd Age Yid
Fixed effects Est SE P Est SE P Est SE p Est SE p
Intercept 7.83 0.14 0.00 7.71 0.15 0.00 10.87 0.26 0.00 11.03 0.26 0.00
Linear -0.47 0.05 0.00 -0.47 0.06 0.00 0.70 0.10 0.00 -0.72 0.10 0.00
Quadratic 0.01 0.01 0.12 -001 001 0.14 0.02 001 017 -0.01 0.01 0.60
hitial height 0.10 0.02 0.00 0.11 0.02 0.00 0.07 0.04 0.08 0.13 0.04 0.00
hitial weight 0.03 0.01 0.07 0.01 0.02 0.36 0.02 0.03 043 0.02 0.03 042
Height by linear 0.00 0.00 0.95 0.00 0.00 0.74 0.00 0.01 050 0.00 0.01 093
Weight by linear 0.00 0.00 0.24 0.00 0.00 0.50 0.00 0.00 0.67 0.00 0.00 045
hitial age -0.15 0.04 0.00 -0.12 0.05 0.01 022 007 000 -0.16 0.08 0.04
Age by linear 0.00 0.01 0.85 0.01 0.01 0.56 0.02 002 017 -0.01 0.02 049
Height by age 0.01 0.01 0.04 0.02 0.01 0.01 -0.01 0.01 038 0.01 001 056
Weight by age 0.00 000 042 -0.01 0.00 0.13 0.01 0.01 043 0.00 0.01 0.79
Years to death 0.04 0.04 0.34 0.12 0.09 0.18
Years to death by linear 0.04 0.01 0.00 0.07 0.02 0.00
Height by years to death 0.00 0.01 0.79 0.04 0.01 0.00
Weight by years to death .0.01 0.00 0.09 -0.01 0.01 0.06
Age by years to death -0.01 0.01 0.51 0.00 0.02 0.89
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Height, weight, and age did not predict linear rate of
change. Twin-level variance in initial status and linear rate
of change comprised 51% and <1%, respectively, of
the variance in grip strength; the covariates accounted for
7% and 1% of these variances. In the deceased subsam-
ple, being further from death was related to a less steep
linear rate of change (0.02 SD/year), but not to initial sta-
tus. Twin-level variance in initial status and linear rate of
change comprised 59% and <1%, respectively, of the vari-
ance in grip strength; the covariates with years to death
accounted for 6% and 8% of these variances.

Men. The unconditional growth model of grip strength
for men included random intercepts at the pair and twin
levels, and random linear and random quadratic effects of
time at the twin level. The expected value at the first oc-
casion was 11.33 pounds per square inch (95% Cl for pair
=9.98 to 12.68, for twin = 6.57 to 16.09), the instan-
taneous rate of decline at the first occasion was -0.65
pounds per square inch per year (95% Cl= -2.15 to
0.84), and the expected deceleration of decline was 0.02
pounds per square inch per year (95% Cl= -0.13 to
0.16). Although the fixed quadratic effect of time was not
significant, random quadratic variation remained significant
in the full and deceased samples in the conditional models.

As seen in the top of Table 2 and Figure 1, in the full
sample, initial grip strength was greater for taller men
(0.02 SD/cm; although this effect was only marginally sig-
nificant with p=0.08) and for younger men (-0.07
SD/year). Neither height nor age predicted linear rate of
change. Weight did not predict initial status or linear
rate of change. Twin-level variance in initial status, linear
rate of change, and quadratic rate of change comprised
68%, 7%, and <1%, respectively, of the variance in grip
strength; the covariates accounted for 8%, 0%, and 0% of
these variances. In the deceased subsample, being further

from death was related to greater initial status in taller men
(main effect of years to death =0.04 SD/year, interaction
with height =0.01 SD/year/cm), and years to death
was related to a less steep linear rate of change in all men
(0.02 SD/year). Twin-level variance in initial status, linear
rate of change, and quadratic rate of change comprised
67%, 7%, and <1% of the variance in grip strength;
the covariates with years to death accounted for 18%, 4%,
and 0% of these variances.

Sex differences. Men had significantly higher initial grip
strength (full sample z=10.35, p<0.001, deceased sub-
sample z=10.97, p<0.001), and had a significantly
greater linear rate of change (full sample z=2.13, p<0.05,
deceased subsample z=2.06, p<0.05). There were no sex
differences in the quadratic rate of change or in the effects
of age or years to death. Absolute 8-year decline in grip
strength for an 80- or 90-year-old woman was predicted
as 3.12 or 3.23 pounds per square inch, respectively, or
4.5% or 5.7% loss of strength per year. Absolute 8-
year decline in grip strength for an 80- or 90-year-old
man was predicted as 3.73 or 5.45 pounds per square
inch, respectively, or approximately 3.9% or 7.0% loss of
strength per year.

Expiratory lung function

Women. The unconditional growth model of expi-
ratory function for women included random intercepts
at the pair and twin levels, and random linear and
fixed quadratic effects of time at the twin level. The ex-
pected value at the first occasion was 4.65 liters per sec-
ond (95% CI for pair = 3.32 to 5.99, for twin = 2.76
to 6.55), the instantaneous rate of change at the first oc-
casion was 0.09 liters per second per year (95% Cl= -
0.12 to 0.29), and the expected acceleration of decline
was -0.03 liters per second per year. The fixed quadrat-
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Fig. 1 - Left: predicted grip strength conditional on age. Right: predicted grip strength conditional on age and years to death. Estimates
for men and women were generated in separate models. Height and weight were controlled at the sample means.
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Physical functional changes in the oldest old

Table 3 - Expiratory function conditional model parameters by sex for age and years to death (Ytd).

o
Women Men
Age Ytd Age Ytd

Fixed effects Est SE P Est SE P Est SE p Est SE P
Intercept 270.65 593 0.00 266.26 6.42 0.00 369.54 13.32 0.00 376.89 13.43 0.00
Linear 6.16 2.12 0.00 6.13 274 0.03 2.76 398 0.49 -0.89 4.22 0'83
Quadratic -1.52 0.27 0.00 -1.92 0.38 0.00 -1.81 046 0.00 -2.23 0161 0'00
nitial height 250 1.00 0.01 3.40 1.08 0.00 142 256 058 222 2.63 0'40
Initial weight 0.57 059 0.34 -0.12 0.65 0.86 2.74 123 0.03 2.67 1.23 0:03
Height by linear -0.26 0.15 0.08 -0.17 020 041 0.29 025 0.25 0.42 0.25 0.10
Weight by linear 0.09 0.09 0.30 0.04 0.12 0.75 -0.15 0.16 0.37 -0.13 0.15 041
Initial age 441 181 0.02 454 202 0.03 -9.91 3.83 0.01 -7.43 3.88 0.06
Age by linear 0.57 0.31 0.07 046 043 0.28 -0.09 079 091 -0.36 0.76 0.64
Height by age -0.22 029 045 0.01 0.31 0.97 058 0.76 044 1.09 083 0.19
Weight by age 0.10 0.17 0.56 -0.12 0.18 0.52 0.35 0.34 0.30 0.17 0.34 0.61
Years to death 232 1.87 021 6.32 4.00 0.12
Years to death by linear 0.36 0.52 049 1.00 075 0.18
Height by years to death 0.61 028 0.03 0.88 0.53 0.09
Weight by years to death 0.06 0.15 0.69 -040 030 0.19
Age by years to death 0.74 0.58 0.20 -0.38 114 0.74

ic effect of time remained significant in the full and de-
ceased samples in the conditional models.

As seen in the bottom of Table 3 and Figure 2, in the
full sample, initial expiratory function was greater for
taller women (0.03 SD/cm) and for younger women
(0.05 SD/year). Weight did not predict initial status.
Age, weight, and height did not predict linear rate of
change. Twin-level variance in initial status and linear
rate of change comprised 47% and <1% of the variance
in expiratory function; the covariates accounted for
19% and 11% of these variances. In the deceased sub-
sample, being further from death was related to greater
initial status in shorter women (main effect of years to
death =0.03 SD/year, interaction with height =-0.01
§D/year/cm), but years to death was not related to
linear rate of change. Twin-level variance in initial status
and linear rate of change comprised 48% and <1%, re-
spectively, of the variance in expiratory function; the co-
variates with years to death accounted for 11% and 0%
of these variances.

Men, The unconditional growth model of expiratory
fur}ction for men included random intercepts at the
pair and twin levels, and random linear and fixed
quadratic effects of time at the twin level. The expect-
ed value at the first occasion was 6.51 liters per second
95% CI for pair = 4.06 to 8.96, for twin = 4.02 to
9.00), the instantaneous rate of change at the first
occasion was 0.05 liters per second per year (95%
C¥=-0.22 to 0.32), and the expected acceleration of de-
cline was -0.03 liters per second per year. The fixed

quadratic effect of time remained significant in the full
and deceased samples in the conditional models.

As seen in the top of Table 3 and Figure 2, in the
full sample, initial expiratory function was greater for
heavier men (0.02 SD/kg) and younger men (-0.08
SD/year). Weight and age did not predict linear rate of
change. Height did not predict initial status or linear rate
of change. Twin-level variance in initial status and lin-
car rate of change comprised 40% and <1%, respec-
tively, of the variance in expiratory function; the co-
variates accounted for 5% and 2% of these variances.
In the deceased subsample, being further from death
was not related to initial status or linear rate of change.
Twin-level variance in initial status and linear rate of
change comprised 44% and <1% of the variance in ex-
piratory function; the covariates with years to death ac-
counted for 11% of the variance in initial status. Psue-
do R? for linear rate of change was not calculated be-
cause its variance was estimated as 0 in the death-
conditional model.

Sex differences. Men had significantly higher initial ex-
piratory function (full sample z=6.78, p<0.001, de-
ceased subsample z=7.43, p<0.001). There were no sex
differences in the linear or quadratic rates of change or
in the effects of age or years to death. Because the rate
of decline accelerated over time, declines were calculated
separately for years 1 to 4 and 5 to 8. Absolute decline
in expiratory function for an 80- or 90-year-old woman
was predicted during the first 4 years as 0.19 or -0.20
liters per second, respectively, or approximately 1.0% or
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Fig. 2 - Left: predicted expiratory function conditional on age. Right: predicted grip strength conditional on age and years to death. Es-
timates for men and women were generated in separate models. Height and weight were controlled at the sample means.

-1.2% per year, and during the second 4 years as 1.00 Chair stand time

or 0.62, or 5.3% or 3.6% per year. The unlikely over- Women. The unconditional growth model of time to
all increase in expiratory function for a 90-year-old complete five chair stands for women included ran-
woman during the first 4 years may be the result of se-  dom intercepts at the pair and twin levels, and ran-
lection processes, or even the effect of practice. Abso-  dom linear effects of time at the twin level. Although the
lute decline in expiratory function for an 80- or 90-year-  fixed quadratic effect of time was not significant, it was

old man was predicted during the first 4 years as 0.27 left in the model for comparability across outcomes
or 0.33 liters per second, or approximately 1.0% or  and sexes. The expected value at the first occasion
1.5% per year, and during the second 4 yearsas 1.23 ~ was 16.91 seconds (95% Cl for pair = 10.85 to 22.78,
or 1.29, or 4.6% or 6.5% per year. for twin = 11.05 to 22.78), the expected instanta-

Table 4 - Chair stand time conditional model parameters by sex for age and vears to death (Ytd).

Women Men
Age Yid Age Ytd

Fixed effects Est SE p Est SE P Est SE P Est SE P

Intercept 17.38 040 0.00 17.79 0.44 0.00 1584 051 0.00 1580 0.54 0.00
Linear 0.14 0.15 0.33 0.10 0.20 0.60 0.39 0.24 0.10 0.74 030 001
Quadratic -0.01 0.02 0.62 0.00 0.03 1.00 -0.02 0.03 0.38 -0.09 0.05 0.06
Initial height -0.04 0.06 0.56 -0.06 0.07 0.40 -0.03 0.11 0.76 -0.09 0.11 045
Initial weight 0.01 0.04 0.84 004 0.04 0.34 -0.02 0.05 0.77 0.00 0.05 0098
Height by linear -0.03 0.01 0.02 -0.03 0.01 0.06 0.03 0.01 0.01 0.04 0.02 0.05
Weight by linear 0.01 0.01 0.38 0.00 0.01 0.66 -0.01 0.01 0.30 -0.01 0.01 0.39
Initial age 0.30 0.12 0.01 029 0.14 0.04 0.15 0.15 0.30 0.09 0.15 057
Age by linear -0.01 0.02 061 0.00 0.03 1.00 -0.03 0.04 0.54 -0.03 0.06 061
Height by age 0.02 0.02 040 0.00 0.02 0095 0.00 0.03 091 -0.02 0.03 056
Weight by age -0.02 0.01 0.07 -0.01 0.01 0.60 0.00 0.01 0.95 0.00 0.01 0387
Years to death -041 0.11 0.00 -0.18 0.16 0.28
Years to death by linear 0.03 0.03 043 0.00 0.06 0.99
Height by years to death 0.00 0.02 0.94 -0.02 0.02 045
Weight by years to death 0.00 0.01 0.74 0.00 0.01 0.76
Age by years to death -0.08 0.03 0.01 0.03 0.04 047
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neous rate of increase at the first occasion was 0.19 sec-
onds per year (95% Cl=-0.45 to 0.83), and the expected
deceleration of increase was -0.01 seconds per year.

As seen in the bottom of Table 4 and Figure 3, in the
full sample, initial chair stand time was significantly short-
er for younger women (0.06 SD/year). Height did not
predict initial status, but shorter women had a steeper lin-
ear rate of change (-0.01 SD/cm). Weight did not predict
initial status, and neither weight nor age predicted linear
rate of change. Twin-level variance in initial status and lin-
ear rate of change comprised 32% and <1% of the vari-
ance in chair stand time; the covariates accounted for 10%
and 4% of these variances. In the deceased subsample, be-
ing further from death was associated with requiring less
fime to complete the five chair stands at baseline (-0.08
SD/year), especially for older women (interaction with age
=-0.02 SD/year/year), but years to death was not relat-
ed to linear rate of change. Twin-level variance in initial
status and linear rate of change comprised 26% and
<1% of the variance in chair stand time; the covariates
with years to death accounted for 21% and 23% of
these variances.

Men. The unconditional model of time to complete five
chair stands for men included random intercepts at the
pair and twin levels, and random linear effects of time at
the twin level. Although the fixed quadratic and random
linear effects of time were not significant, they were left
in the model for comparability across outcomes and sex-
es. The expected value at the first occasion was 15.52
seconds (95% ClI for pair = 12.93 to 18.11, for twin =
10.57 to 20.46), the expected instantaneous rate of in-
crease at the first occasion was 0.40 seconds per year
(95% CI=0.22 to 0.59), and the expected deceleration in
the rate of increase was -0.02 seconds per year.

As seen in the top of Table 4 and Figure 3, in the full

Physical functional changes in the oldest old

sample, initial chair stand time was not related to any of
the covariates, but linear rate of change was steeper for
taller men (0.01 SD/cm). Neither weight nor age pre-
dicted linear rate of change. Twin-level variance in ini-
tial status and linear rate of change comprised 36% and
<1% of the variance in chair stand time; the covariates
accounted for 7% of the variances in initial status.
Psuedo R for linear rate of change was not calculated
because its variance was estimated as 0 in the condi-
tional models. In the deceased subsample, years from
death was not significantly related to initial status or lin-
ear rate of change. Twin-level variance in initial status
and linear rate of change comprised 38% and <1% of
the variance in chair stand time; the covariates with
years to death accounted for 3% of the variances in ini-
tial status. The Psuedo R? value for linear rate of change
again could not be calculated.

Sex differences. Men had significantly lower initial
chair stand times (full sample z=2.37, p<0.05, de-
ceased subsample z=2.88, p<0.05). There were no
sex differences in the linear or quadratic rates of change
or in the effects of age or years to death. Absolute 8-
year increase in chair stand time for an 80- or 90-
year-old woman was predicted as 1.02 or 0.12 seconds,
or 0.8% or 0.1% per year. Absolute 8-year increase in
chair stand time for an 80- or 90-year-old man was pre-
dicted as 2.60 or 0.45 seconds, or approximately 2.2%
or 0.3% per year.

DISCUSSION

Mean patterns of change in physical function of
the oldest old

Results from the growth curve modeling indicated pri-
marily linear rates of decline in grip strength over the
eight-year period of study. The average declines in grip
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Fig. 3 - Left: predicted time to complete five chair stands conditional
to death. Estimates for men and women were generated in separate

on age. Right: predicted grip strength conditional on age and years
models. Height and weight were controlled at the sample means.
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strength for women (e.g., -5.7% per year at age 90 yr) and
men (e.g., -7.0 % per year at age 90) appear larger than
those reported in previous longitudinal studies of com-
munity dwelling participants over age 70 at baseline,
which ranged from 2.6 to 4.8% per year for women
(22, 23, 31, 32) and 1.2 to 3.0% per year for men (22,
23, 31-33). The more rapid declines in grip strength ob-
served in the present investigation could reflect the ad-
vanced age of these subjects (i.e., 79 to 96 at baseline) and
the longer follow-up period. Prior longitudinal studies in-
cluded very few subjects over age 85 and with one ex-
ception (e.g., [33] the duration of follow-up did not exceed
five years). The instrument used to measure grip strength
also differed between the present study (vigorimeter) and
previous studies (adjustable handgrip dynamometer). How-
ever, grip strength measured using the vigorimeter (which
records pressure applied to a rubberized bulb) correlates
well with grip strength measured with a conventional
(static force) hand-grip dynamometer in older participants
(34). An additional consideration is the manner in which
the rate of change in grip strength was computed. The pre-
sent study used a latent growth curve analysis which pro-
vides a true slope estimate by accounting for non-random
attrition (i.e., missing data due to health problems) and ad-
justment for highly influential data outliers. Prior longitudinal
studies of grip strength based their slope estimates exclu-
sively on observed data, which would, to the extent that
dropouts (or deaths) occurred, tend to underestimate the
mean rate of decline in strength. As such, the present es-
timates of the average decline in grip strength probably
provide a more accurate description of the natural loss of
muscle strength in late life for both sexes.

Although declines in peak expiratory flow were ex-
pected, the accelerated rate of loss over time (curvilinear
pattern) was not. Published longitudinal data for this par-
ticular expiratory variable are not available, but longitudi-
nal rates of decline in other expiratory functions (i.e.,
FEV1.0 and FVC) are reportedly linear (35). Moreover,
clinical prediction equations for each of these variables, in-
cluding peak expiratory flow, are based on a linear rate of
change with age (28). The advanced age of these subjects,
the longer period of follow-up and the larger number of
time points (n=5) from which to model change over time
in comparison to previous studies (2 or 3 time points) may
have increased the statistical power to detect a quadratic
trend in the present study. Smoking status is unlikely to
have contributed in a substantial way to the accelerated de-
cline in expiratory function in the present sample due to
the very small proportion of the sample currently smoking
(13% for men, 5% for women). Due to the advanced
age of this sample, long-term smokers are more likely to
have died prior to becoming eligible for this study. A
practical implication of the accelerated loss of expiratory
function may be that published prediction equations,
which have been primarily based on cross-sectional lung
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function data collected in younger age cohorts, have over-
estimated predicted normal values in the oldest old.

The average rates of change in chair-stand perfor-
mance over time (<2.2% per year) were significant, but
generally smaller than those observed for grip strength or
peak expiratory flow. Noteworthy, there were consider-
ably fewer participants at any wave with chair stand data
compared to the other functional outcomes, which reflects
the fact that analysis of the chair-stand test was restricted
to participants who could actually complete five chair
stands. Thus, the smaller relative decline in chair-stand per-
formance compared to grip strength and expiratory func-
tion is likely to reflect a larger drop-off in the number of
subjects who were unable to complete five chair stands,
presumably those with the poorest functional ability.
Such an effect (“selective dropout”) is likely to truncate the
sample in the low performing end of the distribution. It is
noteworthy that a higher percentage of the women in the
present study were able to complete five chair stands (77%
at baseline; mean age 83 years) than a large sample of
American women (55% of >85 yr olds; [8]). However, the
average performance of the women able to complete this
test across both studies was similar (16.9 vs 16.3 seconds,
respectively).

Inter-subject variation and change in physical
function in the oldest old

For grip strength, significant random effects were ob-
served for both intercept and time in the full sample, in-
dicating that there were significant individual differences
in initial strength and in change over time. Grip strength
was lower in subjects who were initially older in age and
shorter. This was observed in both sexes and probably re-
flects the influence of limb muscle size, which is age-
and height- dependent (36). Age and body size (height or
weight) were not predictive of changes in grip strength.
The men, in particular, varied greatly in the rate of grip
strength change. This variation can be seen in the 95%
confidence interval for the men, which crossed zero (-2.15
to 0.84), indicating that some older men maintained or
even increased their strength over time. This variability in
the rate of change in grip strength has been documented
previously (13, 33). There were also significant individu-
al differences in grip strength change in women, but
most of the women lost strength (i.e., 95% C.1.=-0.85 to
-0.09). To the best of our knowledge, inter-subject vari-
ation in grip strength over time has not previously been
quantified in this manner in older women.

Age-associated reductions in peak expiratory flow are
thought to result from normal reductions in elastic recoil
of the chest wall and expiratory muscle strength with
advancing age (11, 28, 37). Indeed, peak expiratory
flow rate at baseline (initial level) was lower in the oldest
subjects. Interestingly, the influence of body size on base-
line expiratory flow was sex dependent, i.e., peak flow was
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higher in taller women and in heavier men. The influence
of height on lung function is well established (lung size is
scaled to height) and provides the basis for height- (and
sex-) based lung function prediction equations (12). The
higher expiratory flow rates produced by heavier men in
this study are more difficult to explain. Previous studies
suggest a negative influence of excess weight (i.e., fat) in
the abdominal region on expiratory lung function in men
(38, 39), whereas a recent study indicates a dominant,
positive influence of fat-free weight (i.e., muscle) on ex-
Ppiratory lung function in older (55-86 yrs) adults (12). The
OCTO-twin data set does not contain detailed information
about body composition or fat distribution, so the nature
of the weight dependency of peak expiratory flow rate in
these men cannot be fully explored. Nevertheless, these
results do suggest that body dimensions (i.e., height and
weight) can have an effect on expiratory lung function in
elderly men and women.

In contrast to grip strength and expiratory flow rate,
chair-stand performance did not exhibit significant inter-sub-
ject variation in change over time, either in women or men.
This test did appear better at discriminating baseline dif-
ferences in performance among women (i.e., age effect),
which could reflect greater difficulty of this test among old-
er women and its association with mobility problems in this
particular group (7, 8). However, as in men, the variation
in change in chair stand time across individuals was not sta-
tistically significant in these women. This is somewhat sur-
prising because the chair-stand test requires lower ex-
tremity strength, balance, coordination, and joint range of
motion, and is therefore more complex (i.e., should be sub-
ject to more sources of variation) than the grip strength and
expiratory function tests, the latter of which are peak, sin-
gle effort tasks requiring primarily muscle strength. How-
ever, the apparent inability of the chair stand test to detect
individual-level differences at baseline or over time could re-
flect the large dropout of subjects associated with the
specific procedure we used to assess chair stand perfor-
mance, rather than a limitation of lower body functional
testing per se. That is, the assessment of the time to com-
plete five chair stands significantly reduced the sample size
at each wave by excluding all subjects who were unable to
complete this number of stands, perhaps leaving a more
homogeneous groups of subjects at each wave with respect
to chair stand ability.

To improve the discriminating ability of the chair
stand test, particularly among non-disabled community-
dwelling older populations, some researchers have as-
sessed chair stand performance as the number of suc-
cessful stands in a fixed period of time (i.e., 30 seconds;
[2]). When conducted in this manner, each participant has
a score. In such cases, chair stand performance, either
alone (8, 40) or as part of a composite functional per-
formance score (9, 15, 40), is predictive of subsequent fiis-
ability in older women and men. Therefore, it is possible

Physical functional changes in the oldest old

that greater variability in individual rates
have been detected in the present study if \3; Chlzalgmgei m"g
chair stand number rather than chair stand time '
It is interesting to note that chair stand “finishers” in, the
present study generally scored significantly hi aher on
the grip strength test at each wave of testing than thmg
who could not complete five chair stands (i.e.. “non-fin-
ishers”; data not shown). This is further evide!nce of sh:;:
utility of grip strength as a global measure of physical func-
tion in elderly subjects.

Sex differences in physical function among the
oldest old

Women had lower initial performance scores than
men for each of the three functional tests evaluated. con-
sistent with previous reports (7, 9, 12, 19, 22, 23, 28. 32
41, 42), mostly from “younger” age groups. At baseline.
women’s grip strength, expiratory flow, and chair stand
performance averaged 29, 28, and 9% lower than in
men. Sex differences in these physical function tests do not
appear to be simply a function of the women's smaller
body size, because significant baseline sex differences
persisted when height-normalized scores were compared
for each of the three tests (all p’s<0.001, data not shown)

In addition to differences in baseline levels of func-
tioning, men and women also had differential rates of de-
cline for one variable: grip strength. Other than the
smaller between-subject variation in grip strength change
over time in women vs men (discussed in preceding sec-
tion), grip strength declined at a slower absolute rate in
women. The cause of this sex difference is not immedi-
ately apparent, but could involve diversity in daily domestic
activities between women and men; for example, women
may have more daily use and activity in tasks requiring
manual strength, such as food preparation and they may
maintain this performance over time. Bassey and Harries
(22) found that grip strength deterioration over time in old-
er women and men was associated with reported lpu.w
overall usage of the hands, i.e., disuse. Alternatively,
differential rates of decline in grip strength between men
and women could simply reflect a baseline effect ... men
had significantly more strength to lose).

The overall patterns of change for grip strength. ‘pea}\
expiratory flow and chair stand performance were smuw
in women and men. However, at least for grip strength
and chair stand performance, variation between subjects
in rate of change over time appeared to be sexd@fﬁm*i"
(i.e., larger in men for grip strength and larger in W‘%““‘;i;
for chair stand performance as indicated by companng the
95% confidence intervals). Failure to take sufcf‘f "m!&j! *
subject variation into account cou{d lead to m;:?i:;;’;
conclusions regarding sex differences In ;onal tm o
occurring late in life. This further highlights the m‘fﬁw'; o
of assessing both the mean levels of perfomwm&? é
dynamic changes in function over time.
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Is proximity to death predictive of functional de-
cline in the oldest old?

Several previous studies have reported an association
between baseline muscle strength (13) or expiratory lung
function (18. 21) and subsequent mortality in older adults.
That is, participants who were deceased at follow-up
had significantly lower mean performance levels on these
tasks at baseline than similarly aged subjects who survived.
These findings have led to the conclusion that baseline
muscle function and lung function are predictors of mor-
tality in middle-aged and older populations. In the present
study, we addressed the questions of whether proximity to
death is associated with baseline levels and/or rates of
change in these functional outcomes. Results suggest
that the influence of time to death on baseline functioning
is sex-dependent. That is, men closer to death had a
greater rate of decline in grip strength as compared to
women, while women closer to death had poorer initial
levels of expiratory function. Why elderly women with
poorer grip strength would be less prone to physical de-
terioration and death than elderly men with poor strength
cannot be determined from these results. Previous lon-
gitudinal studies in older men have not specifically ex-
plored time to death as a predictor of muscle function, and
studies in non-disabled older women are lacking (20).

In the deceased sub-sample (85% of the participants at
final wave), time to death was predictive of the rate of grip
strength change over time in both sexes, i.e., grip strength
in participants who were closer to dying declined at a
faster rate. The fact that this effect was observed in both
women and men (i.e., with widely varying initial strength
levels) is suggestive of a more dynamic link between
muscle strength loss and terminal decline than has been
revealed through previous studies that examined baseline
or mean changes in strength as a function of mortality risk
(19, 20, 43, 44).

Although changes in peak expiratory flow and chair
stand performance over time were not associated with time
to death in either sex, the proximity of subsequent death
had a significant interaction with height on baseline levels
of peak expiratory flow in women, and also predicted
baseline levels of chair stand performance in women
(with an additional significant interaction with age on
baseline levels of chair stand performance). Collectively, the
results of the proximity to death analysis indicate that
the relationship between changes in physical functional per-
formance and “impending death” is not consistent across
functional tests or between men and women.

Study limitations

The primary limitation of the present study was the
manner in which repeated chair stand performance was
quantified and the subsequent elimination of chair stand
data for any participant who could not complete five
stands. Another potential weakness of this test was the
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fact that chair height was not strictly maintained across the
five waves of testing. However, the height of the chairs
used probably varied minimally (i.e., 2 “normal” kitchen
chair within each participant’s residence). Additionally, the
impact of chair height discrepancies over time on chair
stand performance would be expected to be small in re-
lation to changes in body weight over time. As indicated
above in the results section, the effect of change in body
weight over time was not significant for any of the three
functional tests.

Participants with severe physical impairments were ex-
cluded from the present study to ensure that reliable resuits
could be obtained for these “effort dependent” function-
al tests. Therefore, the present findings should be gen-
eralized only to the moderately to highly functioning old-
est old, with demographic characteristics typical of the old-
est-old age segment in Sweden.

Finally, it should be noted that cognitive impairment
can influence the ability of older persons to understand
and execute tests of physical function, particularly effort
dependent tasks such as the ones examined in this paper.
Although extensive cognitive data are available for the par-
ticipants of OCTO-twin (26), it is beyond the scope of the
present study to determine the impact of cognition on
these physical function tests. It is certainly possible that
cognitive status could have influenced grip, PEFR or
chair stand performance given the advanced age of these
participants. However, a systematic influence of cognitive
impairment on functional performance in this OCTO-twin
analysis remains unlikely because most participants were
1) community dwelling residents at baseline (i.e., only 7
participants lived in an institutional/nursing home setting)
and 2) all participants received individualized instructions
and encouragement from nurses trained in geriatrics and
functional assessment. Nevertheless, further research
should be conducted to determine if these physical func-
tional outcomes are in any way influenced by changes in
cognitive status among the oldest old.

CONCLUSIONS

The results of this longitudinal study indicate that
changes in physical functional performance over time in
a population-based sample of the oldest-old vary across
individuals in a test- and sex-dependent manner. Con-
stitutional variables (age, sex, body size) are predictive of
baseline functional performance, but explain little variance
in change over time in this population. Of the three
functional tests reported here, initial status and rate of
change in grip strength performance had the strongest
association with proximity to death, indicating that while
repeated chair stand time and peak expiratory flow may
be useful tests to assess function, grip strength is a par-
ticularly useful biomarker for predicting meaningful out-
comes in the oldest-old. Also, these findings support the
emerging view that an accurate portrayal of functional




change over time among older adults should include es-
timates of both mean-level and individual-level variation
over time.
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