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Background. Gender-specific trajectories of lower extremity function (LEF) and the potential for bias in LEF estimation
due to differences in survival have been understudied.

Methods. We evaluated longitudinal data from 690 initially nondisabled adults age 70 or older from the Precipitating
Events Project. LEF was assessed every 18 months for 12 years using a modified Short Physical Performance Battery
(mSPPB). Hierarchical linear models with adjustments for length-of-survival estimated the intraindividual trajectory of
LEF and differences in trajectory intercept and slope between men and women.

Results. LEF declined following a nonlinear trajectory. In the full sample, and among participants with high (mSPPB
10-12) and intermediate (mSPPB 7-9) baseline LEF, the rate-of-decline in mSPPB was slower in women than in men,
with no gender differences in baseline mSPPB scores. Among participants with low baseline LEF (mSPPB <6), men
had a higher starting mSPPB score, whereas women experienced a deceleration in the rate-of-decline over time. In all
groups, participants who survived longer had higher starting mSPPB scores and slower rates-of-decline compared with
those who died sooner.

Conclusions. Over the course of 12 years, older women preserve LEF better than men. Nonadjustment for differences

in survival results in overestimating the level and underestimating the rate-of-decline in LEF over time.
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INTRODUCTION

Maintaining independent function among community-
dwelling older adults is a central goal of clinical medicine
and public health. Achieving this goal requires a thorough
understanding of the antecedents to mobility impairment.
In nondisabled and even high-functioning older adults,
lower extremity function (LEF) captures subtle changes in
functioning and is a strong predictor of incident disability
(1,2), hospitalization and nursing home admission (3,4), and
mortality (4,5).

Because impairments in physical performance develop
over time, possibly nonmonotonically (6), trajectories of
physical performance indicators, such as LEF, are useful
outcome measures. Yet, most data come from cross-
sectional and short-term transition studies; thus, there is
little information regarding the long-term LEF trajectory
(ie, starting level, rate, and magnitude of change) in older
adults. Cross-sectional studies, indicating poorer LEF with
increasing age (7-9), provide valuable information about the
distribution of LEF at various ages, but do not differentiate
between intra- and interindividual variation in performance,

may confound age and cohort differences, and have been
shown to underestimate the true change in performance over
time, by favoring highly functioning individuals who survive
longer in older cohorts (10). Studies of changes in LEF
between two time-points, despite confirming the decline
in performance over time, have been generally restricted to
short follow-up periods and ethnic- or sex-specific samples
(7,10-12). Furthermore, the estimation of average (eg,
annualized) rates of change in LEF using the observed actual
change between two time-points relies on an assumption of
linearity, which may not be appropriate (13).

The apparent paradox in the relationship between health
and survival of men and women—"“women are sicker, but
men die quicker” (14)—has been extensively documented
for a multitude of health outcomes, including physical per-
formance. Thus, despite surviving longer than men, women
tend to perform worse on objective assessments of physi-
cal capabilities (6,9,15). However, gender differences in
the trajectories of LEF over longer follow-up periods have
been understudied and uncertainty remains as to whether
the observed cross-sectional differences in physical
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performance are due to differences in the level and/or rate
of change over time in these functional measures.

To address these gaps, this study aims to determine the
long-term average trajectory of LEF in a large cohort of
older persons and to compare the LEF trajectories between
older men and women, while accounting for the potential
bias due to gender differences in health status and survival.

METHODS

Analytic Sample and Data Collection

Data came from the Precipitating Events Project, an
ongoing longitudinal study of 754 initially nondisabled
community-dwelling adults aged 70 or older, who under-
went comprehensive assessments at 18-month intervals
for 12 years (1999-2011). The study design, inclusion and
exclusion criteria, and enrollment response rates have been
described in detail elsewhere (16). Briefly, participants
were deemed eligible for enrollment in the study if they
were 70 years or older and reported no need for assistance
with four essential activities of daily living (bathing, dress-
ing, walking across a room, and transferring from a chair).
Clinically significant cognitive impairment with no avail-
able proxy, life expectancy of less than 12 months, inability
to speak English, and plans to leave the area were exclu-
sion criteria. Of those eligible, 75.2% agreed to participate
and were enrolled between March 1998 and October 1999.
Physically frail individuals, defined on the basis of slow
gait speed (ie, required >10 seconds to walk along a 10-foot
course and back as quickly as possible), were oversampled.
Comprehensive assessments were completed at baseline
and repeated at 18-month intervals, with the exception of
126 months, for a total of 144 months (8 assessments).

For these analyses, we excluded participants with only
one assessment because change in LEF could not be evalu-
ated. Of the 754 Precipitating Events Project participants, 57
(7.6%) died and 7 (0.9%) dropped out prior to the 18-month
assessment and hence were excluded, leaving an analytic
sample of 690 participants (descriptive characteristics of
excluded participants are provided in the Supplementary
Appendix). Deaths were ascertained by reviewing the local
obituaries and/or from the next-of-kin or another knowl-
edgeable person during a follow-up interview. Over the
follow-up period, 470 (68.1%) participants in the analytic
sample died (median length-of-survival 7.6 years, inter-
quartile range 4.6-10.3 years); attrition among survivors
was very low (11 participants; median length-of-stay in the
study 4.5 years, interquartile range 1.5-9.0 years).

Measures

LEF was assessed at each wave using a modified version
of the Short Physical Performance Battery (mSPPB) (4) that
included 3 chair stands instead of 5, a 20-foot walk with a
turn instead of a 4-meter walk, and balance assessment using

the same three maneuvers (side-by-side, semi-tandem, and
tandem stands) and scoring as the standard SPPB (17). The
SPPB score is a highly reliable and responsive summary per-
formance measure (18), comprised of three hierarchical timed
tests of balance, short-distance walking speed, and repeated
chair stands. For each test, a five-level summary scale from 0
(unable to perform the task) to 4 (1-4 representing quartiles
calculated separately for each test) was created according to
established procedure (4). An overall mSPPB score (range:
0-12) was calculated for each subject by summing the scores
on the three tests; higher scores indicate better LEF. In a sample
of 26 older persons, mSPPB showed strong concordance with
the standard SPPB (intraclass correlation coefficient = 0.88,
p < .001). The baseline mSPPB score was categorized per
convention into high (range: 10-12, inclusive), intermediate
(range: 7-9, inclusive), and low (range: 0-6) for stratified
analyses (19).

Sociodemographic  characteristics included gender
(0 = male, 1 = female), age-at-baseline (years), education
(years of education completed), race (0 = white, 1 = non-
white), and living arrangement (0 = lives with someone else,
1 = lives alone).

Modifiable risk factors (MRFs) were included as poten-
tial confounders (2). Body mass index was calculated at
each wave using the following formula: [weight (in kilo-
grams)/(height)*(in meters)]; physical activity level was
assessed at each wave using a modified Physical Activity
Score for the Elderly (range: 0-360) (20); smoking sta-
tus (0 = nonsmoker, 1 = current smoker) and alcohol use
(0 = nondrinker, 1 = drinker) were recorded at baseline.

Health status indicators assessed at each wave were
included to account for the well-known gender differentials
in morbidity (21). The sum of 9 self-reported, physician-
diagnosed chronic diseases (hypertension, myocardial
infarction, congestive health failure, stroke, cancer, diabetes,
arthritis, hip fracture, and lung disease) was calculated from
individual-disease questions (0 = absent, 1 = present). The
short-form 11-item CES-D score (22) was used to calculate
a full CES-D equivalent-score (range: 0—60), according to a
previously described procedure (23). Cognitive functioning
was assessed using the Mini Mental State Examination
score (range: 0-30) (24).

For participants who died during the study, data were
censored at the last assessment prior to death and the
length-of-survival in the study was calculated (in years) by
subtracting the date-of-enrollment from the verified date-
of-death. For participants alive for the 144-month evalua-
tion, a length-of-survival of 12.0 years was assigned.

Statistical Analysis

Hierarchical (multilevel) generalized linear models were
used to calculate the LEF trajectory, defined by a starting
level (intercept), change over time (slope), and acceleration or
deceleration (curvature), as a function of time, while account-
ing for intra-individual and inter-individual variability across
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Table 1. Descriptive Characteristics of Analytic Sample

All Baseline mSPPB

Baseline mSPPB Subgroups

Full Sample ‘Women Men High (10-12) Intermediate (7-9) Low (0-6)
(N =690) (N=451) (N =239) (N =160) (N=225) (N =305)
(n=4111 (n=2913 (n=1198 (n=1074 (n = 1406 (n=1631
observations) observations) observations) observations) observations) observations)
Mean (SD) or % Mean (SD) or % Mean (SD) or % Mean (SD) or % Mean (SD) or % Mean (SD) or %
Baseline
mSPPB score (0-12) 6.9 (2.9) 6.5(2.9) 7.7 (2.8) 10.9 (0.9) 7.8 (0.8) 4.2(1.4)
Age (y) 78.3 (5.1) 78.2(5.2) 78.4 (5.0) 75.7 (3.9) 77.6 (4.8) 80.1 (5.3)
Women (%) 65.4 — — 53.1 65.3 71.8
White (%) 90.1 90.0 90.4 93.8 92.4 86.6
Education (y) 11.9 (2.9) 11.8 (2.8) 12.3 (3.0) 12.9 2.7) 12.2 (2.7) 11.3(2.9)
Live alone (%) 39.7 48.6 23.0 294 35.1 48.5
Body mass index 26.9 (5.1) 27.2 (5.6) 26.4 (4.3) 26.4 (4.5) 26.6 (4.5) 27.4(5.8)
Smoker (%) 8.3 8.2 8.4 6.9 8.9 8.5
Alcohol user (%) 222 15.7 34.3 31.8 27.6 13.1
PASE (1-360) 91.7 (57.1) 81.9 (52.2) 110.2 (61.2) 131.9 (56.3) 100.3 (55.7) 64.2 (42.3)
Chronic diseases (1-9) 1.7(1.2) 1.7 (1.2) 1.7(1.2) 1.3 (1.0) 1.6 (1.2) 2.0(1.2)
Cognitive score (0-30) 26.8 (2.4) 26.9 (2.4) 26.6 (2.5) 27.4(2.2) 27.0 (2.3) 26.3 (2.6)
Depressive symptoms (1-60) 8.8 (8.5) 9.8 (9.1) 6.9 (6.8) 6.2 (7.0) 7.5 (7.6) 11.2(9.1)
Attrition
Died (%) 68.1 66.1 71.9 47.5 67.6 79.3
Survival (y) 8.9(3.4) 9.1 (3.3) 8.4 (3.5) 10.1 (3.0) 9.4 (3.1) 7.8 (3.4)

Note: mSPPB = modified Short Physical Performance Battery score; PASE = Physical Activity Score for the Elderly; SD = standard deviation.

repeated measurements and cross-level interactions between
time and each of the covariates (25). We tested a series of
models sequentially adjusted to control for differences in sur-
vival, sociodemographic characteristics, MRFs, and health
status. For all the models, linear and nonlinear (quadratic and
cubic) patterns of change in LEF over time were considered.
Detailed model specification and additional statistical con-
siderations are provided in the Supplementary Appendix. To
control for potential bias associated with differences in mor-
tality (26), length-of-survival in the study (in years, calculated
from baseline) was included as an individual-level (ie, vary-
ing from participant to participant) covariate in the appropri-
ate models. Similar approaches have been used in recent
analyses of trajectories of health in older adults (27,28). The
statistical significance level was set at p < .05 (two tailed). All
analyses were performed using HLM 6.6 software (Scientific
Software International, Lincolnwood, IL).

RESsuULTS
The descriptive characteristics of the analytic sample are
shown in Table 1.

Gender Differences in mSPPB Trajectories

The model with gender but unadjusted for all other
covariates (M,; Table 2) showed an average mSPPB trajec-
tory with an intercept of 5.27 (p < .001), and a declining
trajectory best fit by a cubic function, with a negative lin-

ear slope (b = -0.67, p < .001), a negative (accelerating)

quadratic slope (b = —0.01, p < .01), and a positive cubic
slope (b =0.01, p <.001).

The unadjusted model indicated significant gender differ-
ences in the mSPPB intercept and linear slope. Compared
with men, women had a lower mSPPB intercept (b = —0.73,
p < .01), but a slower rate-of-decline (b = 0.21, p < .001 for
linear slope; nonsignificant quadratic and cubic slope gen-
der coefficients). These results were robust to the inclusion
of length-of-survival (M) and health status (M, ) indica-
tors. After adjustment for baseline differences and intra-
individual changes in MRFs (M, ,), the intercept for gender
became nonsignificant (b = —0.40, p > .05), indicating that
the better initial LEF observed in men was likely explained
by differences in health risk factors. Nevertheless, the sig-
nificant linear slope for women (b = 0.16, p <.01 in M, ),
denoting a slower decline in LEF in women, was preserved.

Finally, the fully adjusted model (M, ,) showed that men
and women followed mSPPB trajectories characterized by
nonsignificant differences in intercepts (b = —0.41, p > .05)
and by a significant difference favorable to women in the
linear slope (b =0.15, p < .01).

Effect of Adjustment for Length-of-Survival

The length-of-survival was significantly associated with a
higher mSPPB intercept and slower rate-of-decline in all the
models (b =0.39, p <.001 for intercept and b = 0.06, p < .001
for linear slope in M, ,, Table 2), indicating that not adjust-
ing for differential survival would have resulted in an over-
estimation of the intercept (b = 5.27 in M, compared with
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Table 2. Lower Extremity Function (mSPPB) Trajectory Estimates for the Full Sample?

Estimated parameters (nr.) 11 11

Fully Adjusted
Unadjusted* Survival Adjusted*  Health Adjusted® ~ MRFs Adjusted* Except Survival Fully Adjusted*
My M) M, ) M,,) ™) M)
Fixed effects
Intercept®
Intercept' 5.27% 4.86* 4.75% 4.33% 5.20% 4.75%
Women —0.73%* —-1.08* -0.76* -0.40 -0.18 -0.41
Survival — 0.73* 0.44* 0.53* — 0.39%
Linear slope
Intercept —0.67* —0.92% —0.74* —0.82% -0.51% -0.66*
Women 0.21%* 0.18%* 0.17* 0.16%* 0.16%* 0.15%*
Survival — 0.13* 0.07* 0.10* — 0.06*
Quadratic slope
Intercept —-0.01%* —0.04#%% -0.02 —0.04%#%% —0.03%% -0.02
Women 0.01 0.01 0.01 0.01 0.01 0.01
Survival — 0.00 -0.01 0.00 — -0.01
Cubic slope
Intercept 0.01* 0.00* 0.01* 0.01%#* 0.01%#* 0.01%#*
Women -0.00 -0.00 -0.00 -0.00 -0.00 -0.00
Survival — -0.00 —0.00%#* -0.00 — —0.00%*
Random effects (variance)
Intercept 8.67* 5.93% 4.36% 4.05% 4.24% 3.76*
Linear slope 0.11* 0.09* 0.07* 0.08* 0.07* 0.06*
Quadratic slope 0.00* 0.00* 0.00* 0.00* 0.00* 0.00*
Cubic slope 0.00%* 0.00%#* 0.00%* 0.00 0.00% 0.00%*
Level-1, ET 1.94 1.91 1.83 1.88 1.83 1.81
Deviance 17354.4 17104.1 16937.1 17001.1 16991.6 16938.4

11 11 11 11

Notes: mSPPB = modified Short Physical Performance Battery score.

N = 690 participants/4111 observations.

“Unadjusted M, is the time-only model; M ,adjusted for length-of-survival; M
survival and modifiable risk factors, but not for health status; M
length-of-survival, health status and MRFs. M,.M,,M,,, M3 -
arrangement; results from adjusted models are presented in the table.

3.1

2.1°

adjusted for health status and MRFs, but not for length-of-survival; M
and Ml2 tested with and without adjustment for age-at-baseline, education, race, and living

adjusted for length-of-survival and health status; M, ,, adjusted for length-of-
fully adjusted for

32

STime(?) centered at its grand mean in all models; consequently, mSPPB intercept should be interpreted as mSPPB score at mean follow-up time (6 years).
"Tntercept for each fixed effect represents the estimate when all other variables are held constant as appropriate at O (binary variables) or at sample mean

(continuous variables).

ILevel 1, E represents the residual intra-individual (ie, wave-to-wave) variation in mSPPB.

*p value < .001, **p value < .01, ***p value < .05.

b=4.86in M)) and an underestimation of the rate-of-decline
over time (b = -0.67 in M, compared with b = —0.92 in M).
We also compared the mSPPB intercept and slopes from a
model that excluded length-of-survival but included all other
covariates (M, |, Table 2) with those from the fully adjusted
model (M, ). These results confirmed the overestimation of
mSPPB intercept (b =5.20 M, vs b=4.75, p<.001 in M, )
and the underestimation of linear slope (b = -0.51, p <.001
in M, vs b =-0.66, p < .001 in M3_2) associated with non-
adjustment for survival, thus indicating that the potential for
survival bias remains even after adequate control for interin-
dividual differences in health status, risk factors, and soci-
odemographic characteristics. Figure 1 illustrates differences
(by sex) in LEF trajectories for participants who died after
3 years, those who died after 6 years, and survivors.

Baseline mSPPB Subgroup Analysis
Table 3 provides the stratified results according to base-
line mSPPB subgroups. For simplicity purposes, only the

results from models M, (adjusted for length-of-survival)
and M, , (fully adjusted) are shown.

Despite different baseline mSPPB scores, the three
subgroups experienced similar average declines in LEF
over time (b = —0.67, p < .001; b = -0.66, p < .001; and
b =-0.60, p < .001, for linear slope for high, intermediate
and low subgroups, respectively), but only the high baseline
performers experienced a significant acceleration in decline
(b =-0.09, p < .01 for quadratic slope).

In the high and intermediate mSPPB subgroups, the
gender coefficients for intercept were nonsignificant, but
women experienced a slower loss of LEF compared with
men (b =0.28, p < .01 and b = 0.17, p < .05, linear slope
in M, , for high and intermediate subgroups, respectively).
In the low mSPPB subgroup, women had a worse mSPPB
intercept (b = -0.75, p < .01 in M, ,) but a slowing in LEF
decline over time (b = 0.02, p < .05 for quadratic slope,
nonsignificant linear and cubic slope coefficients for gender
in M, ,) compared with men. Gender-specific trajectories
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Figure 1. Trajectories of lower extremity function (mnSPPB) by sex and length-of-survival for the full sample. Notes: mSPPB denotes the modified Short Physical
Performance Battery score; trajectories were estimated using model M, , in Table 2; 3- and 6-year-length-of-survival models chosen for illustrative purposes; trajec-
tories for length-of-survival of 12 years are descriptive of estimated lower extremity function course for survivors.

according to baseline mSPPB subgroup and length-of-
survival are illustrated in Figure 2.

In all three subgroups, the intercept and slopes
coefficients for length-of-survival showed that participants
who survived longer in the study had a higher initial mSPPB
score (b =0.31, p <.05; =041, p <.001; and b = 0.37,
p<.001,in M., for the high, intermediate, and low mSPPB
subgroups, respectively) and a slower decline in LEF
(nonsignificant linear slope; b = 0.03, p < .05 quadratic
slope; b = 0.01, p < .05 cubic slope in M,, for the high
mSPPB group; b =0.07, p < .01 linear slope; nonsignificant
quadratic and cubic slopes for the intermediate subgroup;
and b = 0.05, p < .01 for linear slope, b = —0.02, p < .01
quadratic slope, and b = —-0.01, p < .001 cubic slope in
M, ). These results indicate that nonadjustment for length-
of-survival would have led to biased intercept and slope
estimates in all three subgroups.

DiscussION

In this study, we estimated gender-based long-term tra-
jectories of LEF, in terms of their level, magnitude, and rate
of change, while accounting for potential bias due to sur-
vival and health status differences. Our results show that
LEF tracked an average nonlinear declining trajectory and

that women generally followed a trajectory with similar
initial levels but substantially slower declines in function
compared with men.

The SPPB has been used extensively to assess physical
and functional health in community-dwelling older adults
(1,4). Although previous cross-sectional and two time-
points transition studies have suggested an age-related
decrease in LEF (2,9), methodological limitations have
precluded direct inferences to the “true” long-term trajec-
tory of LEF in old age. Our results from a cohort of men
and women observed for up to eight times for a period of
12 years indicate that on average LEF decreases from an
initial estimated level of 6.9 by approximately 0.7 units
per year following a marginally nonlinear trajectory (very
small yet significant positive cubic slope term). Based on
previously developed criteria, which estimated the size of
meaningful changes in the standard SPPB score needed
to anchor a self-reported functional loss at between 0.5
(small) and 1.0 (substantial), a decline of 0.7 mSPPB units
corresponds to an intermediate meaningful change, equiv-
alent to the loss of between one and two flights of stairs in
climbing ability or between one and two blocks in walking
ability (29,30).

Because physically frail participants were oversampled
at baseline, and because other investigators have found that
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Table 3. Lower Extremity Function (mSPPB) Trajectory Estimates for High, Intermediate, and Low Baseline mSPPB Subgroups

High mSPPB (10-12) (N = 160)

Intermediate mSPPB (7-9) (N = 225)

Low mSPPB (1-6) (N = 305)

Survival Adjusted”  Fully Adjusted”  Survival Adjusted”  Fully Adjusted”  Survival Adjusted”  Fully Adjusted’
Ml M3.2 MI M3.2 Ml M3.2
Fixed effects

Intercept*

Intercept® 7.44% 8.60* 5.15% 5.94% 2.71% 2.71%

Women -0.13 0.15 -0.40 -0.40 —0.98%* —0.75%*

Survival 0.58°%* 0.3 0.62°* 0.41% 0.55% 0.37%*
Linear slope

Intercept —0.87* —0.67* —0.87* —-0.66* —-0.89% -0.60*

Women 0.327% 0.28%* 0.16%** 0.17%%% 0.12 0.05

Survival 0.19%* 0.07 0.13% 0.07%* 0.08* 0.05°%*
Quadratic slope

Intercept —0.12%* —0.09%* —0.05%#* -0.02 0.01 0.02

Women 0.01 0.00 0.01 0.01 0.027%#* 0.027%#*

Survival 0.05%* 0.03%#* 0.01 0.00 —0.01%#%* —0.02%*
Cubic slope

Intercept —0.01%* 0.00 0.00 0.01 0.02°* 0.01%*

Women —0.01%* —0.01%* 0.00 0.00 0.00 0.00

Survival 0.01%* 0.01 %% 0.00 0.00 —0.01%#* —0.01*

Random effects (variance)

Intercept 4.63* 3.49°% 4.70% 3.58% 2.85% 2.38%
Linear slope 0.15* 0.11%* 0.13%* 0.09* 0.08* 0.06*
Quadratic slope 0.01°* 0.01°* 0.01* 0.01%* 0.0 0.0 e
Cubic slope 0.007%s# 0.00 0.00 0.007%: 0.00 0.00
Level-1, E' 1.77 1.66 1.64 1.61 1.65 1.57
Deviance 4353.54 4571.16 5483.59 5755.94 6242.43 6514.75
Estimated parameters (nr.) 11 11 11 11 11 11

Notes: mSPPB = modified Short Physical Performance Battery score.
"M,, adjusted for length-of-survival; M

3.2

fully adjusted for length-of-survival, health status and modifiable risk factors. M| and M, , tested with and without

adjustment for age-at-baseline, education, race, and living arrangement; results from adjusted models are presented in the table.
*Time(7) centered at its grand mean in all models; consequently, mSPPB intercept should be interpreted as mSPPB score at mean follow-up time (6 years).
SIntercept for each fixed effect represents the estimate when all other variables are held constant as appropriate at 0 (binary variables) or at sample mean

(continuous variables).

"Level 1, E represents the residual intra-individual (ie, wave-to-wave) variation in mSPPB.

*p value < .001, **p value < .01, ***p value < .05.

high baseline performers were more likely to decline than
poor performers (7), we also estimated the LEF trajectories
separately for participants with high, intermediate, and
low baseline performance. The rate-of-decline was similar
among the three subgroups; only the high-mSPPB subgroup
experienced a slight acceleration in decline. One possible
explanation for the discrepancy between our findings and
the previous results showing variations in the rate-of-
decline based on initial performance levels (7) is that higher
baseline performers may have preclinical health conditions
that become clinically apparent during the follow-up, thus
triggering more precipitous declines in function, whereas
low performers have worse but more stable health. Unlike
the other studies, our analyses were adjusted for both
baseline and time-varying health indicators, thus capturing
transitions from preclinical to overt health conditions, and
showed that negative health transitions (ie, increases in the
index of chronic conditions and CES-D score, or declines in
Mini Mental State Examination score) between follow-up
assessments are indeed associated with concurrent declines
in mSPPB (coefficients not in tables; available upon
request).

After accounting for socioeconomic, behavioral, health,
and survival differences, women had a substantial advan-
tage in preserving LEF over time, regardless of the start-
ing functional level; intercept differences favorable to men
were observed only among initial low performers. As illus-
trated in Figures 1 and 2, these findings suggest that dif-
ferences in performance levels between men and women
may diminish and eventually reverse among longer sur-
viving older adults. Other investigators have also found a
faster rate-of-decline in isometric and isokinetic leg muscle
strength, as well as in leg muscle mass among men com-
pared with women (10,31). The annual decline in mSPPB
score in our participants was about 23% slower in women
(~0.15 mSPPB units less decline/year compared with ~0.66
units/year decline in men; M, , in Table 2); this difference
is smaller than those previously reported, perhaps due to
differences in participants’ age and health status (10,31).
The potential mechanisms underlying gender differences in
physical performance have been summarized elsewhere (9).
Although our analyses controlled for several of these fac-
tors (eg, body weight, health behaviors, and risk of chronic
and mental conditions), others, such as differences in lean
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Figure 2. Trajectories of lower extremity function (mSPPB) by gender and length-of-survival for high-, intermediate, and low baseline performers. Notes: mSPPB
denotes the modified Short Physical Performance Battery score; trajectories estimated using model M, , in Table 3 for each subgroup; 3- and 6-year-length-of-survival
models were chosen for illustrative purposes; trajectories for length-of-survival of 12 years are descriptive of estimated lower extremity function course for survivors.

vs fat mass, hormonal exposure, neurological and car-
diovascular fitness, or inflammatory status, were not fully
addressed. Future studies are needed to clarify how these
factors affect the male—female differences in the trajectory
of lower extremity performance.

To our knowledge, this is the first study to control for
interindividual survival differences and to indirectly dem-
onstrate that failure to account for length-of-survival would
have resulted in an overestimation of the LEF intercept and
an underestimation of the rate-of-decline over time. This
is partially due to the fact that through selective attrition,
sicker or frailer individuals, who likely have lower LEF
levels and higher rates-of-decline prior to death, leave the
cohort, whereas healthier individuals survive and contribute
more observations. In addition, our results show that length-
of-survival captures subtle differences in resilience not
totally captured through health status or sociodemographic
indicators, and that residual survival bias may occur despite
careful and extensive adjustment for other interindividual
differences. Thus, without adjustments for differences in
survival, even results from longitudinal studies can under-
estimate the “true” expected decline in performance (32).

Several limitations in our study warrant comment. First,
because data were not suitable for age-based analyses (28,33),
the LEF trajectories were estimated as a function of time with
adjustment for age-at-baseline, to minimize the potential for
age-cohort confounding. Consequently, the results should
not be extrapolated to represent the effect of age on LEF,
but rather the evolution of LEF over time in this specific age
group. Second, we evaluated LEF using a composite measure
incorporating walking speed, balance, and repeated chair stands.
A large cross-sectional study of gender differences in physical
capabilities has shown dissimilarities in the associations
between the three individual components of SPPB score and

gender (9). It is possible that these individual measures change
differentially over time or that changes in only one or two of
these components drive the results. Future studies are needed
to evaluate this possibility. Third, because our sample was
drawn from persons in a single health plan from a defined
urban area, the results may not be generalizable to the entire
older population. However, the demographic characteristics of
our sample are similar to those of the entire U.S. population,
with the exception of racial/ethnic representation (34).

In summary, this study provides new information on the
long-term trajectory of LEF in older men and women, and
indicates that the potential for systematic bias due to non-
adjustment for differences in survival exists in multiple-
measurement studies of physical performance.

SUPPLEMENTARY MATERIAL
Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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