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Background: A major obstacle to screening for early mo-
bility disability (ie, mobility difficulty), a major public
health concern, is the lack of a method that identifies those
who are at high risk. The goal of this study was to de-
velop easy-to-use clinical nomograms for estimation of
the probability of incident mobility difficulty.

Methods: We conducted a population-based prospec-
tive study using data from 266 high physically and
cognitively functioning older women, aged 70 to 80
years, who were free of mobility disability at the base-
line evaluation of the Women’s Health and Aging
Study II. The outcome measure was incident mobility
disability within 18 months, defined as self-reported
difficulty walking 0.8 km, climbing 10 steps, or trans-
ferring from or into a car or bus. Logistic regression
and receiver operating characteristic curve analyses
were used for evaluation of the optimal combination
of self-reported and performance-based mobility

measures. Bootstrap sampling and estimation was used
for validation.

Results: Predictive nomograms were developed based
on a final model that included 3 simple-to-obtain mea-
sures of preclinical disability: self-report of modifica-
tion in mobility tasks without having difficulty with them,
one-leg stance balance, and time to walk 1 m at a usual
pace. Final model accuracy (as estimated by the area un-
der the receiver operating characteristic curve) was 73%
(SE=0.04). Validation analysis confirmed the high ac-
curacy of these nomograms.

Conclusions: An original tool was developed for assess-
ment of the risk of mobility difficulty in older women that
can be used to assist physicians and researchers in decid-
ing which women to target for preventive interventions.
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M OBILITY DISABILITY (ie,
mobility difficulty) is a
highly prevalent pub-
lic health concern. Up
to 50% of persons aged

65 years and older have disability in mo-
bility-related tasks such as walking 0.4 km,
climbing steps, transferring, or doing heavy
housework.1 Mobility is but one of several
types of physical disability. Nevertheless,
it is a major risk factor for difficulty and de-
pendency in other domains of physical
functioning,2-4 causing decreased quality of
life in older adults4-6 and substantial social
and health care needs.7,8 Consequently, pre-
vention or postponement of mobility dis-
ability is a high priority.9,10

Screening of older adults for risk of
mobility difficulty is an important step to-
ward prevention. Identification of indi-
viduals at highest risk could provide rel-
evant information for targeting those who
are, theoretically, most likely to benefit
from preventive interventions. However,
how to identify the subset of older indi-

viduals at highest risk is yet to be estab-
lished. In the clinical setting, for ex-
ample, physicians have to rely on their
subjective impressions when assessing pa-
tients’ risk of mobility difficulty. Effec-
tive methods for screening are needed.

During the past decade, extensive
methodological and clinical research have
laid the groundwork for the screening of
older adults for risk of mobility diffi-
culty. Important for the development of
such a basis were (1) accumulation of evi-
dence supporting the hypothesis of the ex-
istence of a preclinical stage of disability
in the natural history of disablement, in
which nondisabled older adults have “non-
symptomatic” critical decline in physical
function that constitutes a major risk fac-
tor for progression to mobility diffi-
culty11-13 (such evidence suggests that pre-
clinical mobility decrements in many cases
precede overt mobility difficulty and are
a marker of a high-risk group for whom
interventions might potentially yield the
greatest benefits in terms of decreasing the
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disability burden in older adults); (2) advances in the ge-
riatric functional assessment field leading not only to iden-
tification of several risk factors for disability but, most
important, to better characterization of functional im-
pairments and their role in the mobility disablement pro-
cess14-18; (3) the report of promising interventions that
positively modify intermediate end points in the mobil-
ity disability pathway, such as lower extremity strength,
gait velocity, and postural stability19-25; and (4) the fact
that women aged 75 years and older have the highest
prevalence of chronic diseases and disability, indicating
that this group might warrant special attention in terms
of screening.5,7 The next challenge, then, is to translate

such findings into new and clinically relevant ap-
proaches to screen for individuals with preclinical changes
in mobility functioning who are at high risk for mobil-
ity difficulty.

In this study, we used data from the Women’s Health
and Aging Study II (WHAS II) to develop and validate
an easy-to-use screening tool for estimation of the prob-
ability of incident mobility difficulty within 18 months
in nondisabled community-dwelling women aged 70 to
80 years. The WHAS II was primarily designed to study
the transition from preclinical to clinical disability, thus
offering a unique opportunity for the development of a
screening tool for early mobility disability.

PARTICIPANTS AND METHODS
STUDY POPULATION

The WHAS II is a population-based prospective study of 436
women aged 70 to 80 years with no or minimal physical dis-
ability living in the community. The WHAS II was designed
to be a companion study to the WHAS I, a study of 1002
women representative of the one third most disabled women
older than 65 years living in the community.1 The WHAS II
sample was based on 3 replicate age-stratified random samples
drawn from the Health Care Financing Administration Medi-
care files that listed all female beneficiaries who were 70 to
79 years old in 12 contiguous ZIP code areas in eastern Bal-
timore City and Baltimore County, Maryland, on March 1,
1994, October 1, 1994, and May 1, 1995. The methods of this
study have been described previously.13 Briefly, a screening
interview was used to assess scores on the Mini-Mental State
Examination,26 a widely used measure of cognition, and to
determine difficulty in 4 domains of physical functioning27:
mobility; upper extremity movement; performance of tasks
indicative of complex functioning, such as instrumental ac-
tivities of daily living (IADLs)28; and basic self-care tasks
(Table 1). Eligibility for WHAS II consisted of difficulty in
no more than one domain and a Mini-Mental State Exami-
nation score greater than 24. Of 1630 women screened, 880
were eligible for participation, and 436 agreed to participate
in WHAS II. This apparent low initial response reflects the
relatively low telephone recruitment rates29 (telephone re-
cruitment was used because of fiscal constraints) and the dif-
ficulty in getting older adults to participate in an intensive
prospective study.ComparedwithWHASIIparticipants, those
who were eligible but decided not to participate had less edu-
cation and lower income and were more likely to rate their
health status as fair or poor. This study considers the 266 par-
ticipants who were free of mobility disability at baseline.

DATA COLLECTION

Study participants underwent a comprehensive baseline
evaluation at the Johns Hopkins Functional Status Labo-
ratory, Baltimore, Md, between August 1994 and Feb-
ruary 1996, and then returned to the clinic for a similar
follow-up assessment visit 18 months later. Trained
interviewers conducted standardized face-to-face inter-
views and collected data on demographic characteristics,
health behaviors, cognitive and functional status, and
medical history. Two independent experts using stan-
dardized algorithms30 subsequently validated the latter.

Participants also underwent a thorough physical exami-
nation and had blood samples drawn. The procedures used
were approved by the institutional review board of The Johns
Hopkins Medical Institutions. Informed consent was ob-
tained from all participants.

PHYSICAL FUNCTION ASSESSMENT

Details for obtaining the 3 measures for risk assessment us-
ing nomograms are provided in Table 2.

Self-reports of difficulty were obtained for 3 mobility-
related and 24 other activities of daily life via questions such
as, “For health or physical reasons, do you have difficulty
climbing up 10 steps?” Self-reports of task modification in
mobility tasks, a novel marker of preclinical disability, were
obtained by asking individuals who reported no difficulty
in mobility tasks whether they had modified the way they
were performing them, by changing the method or reduc-
ing the frequency of task performance, because of under-
lying health problems. Recently, Fried et al13 demon-
strated that this is a strong, independent predictor of
developing incident mobility difficulty within 18 months
that correlates well with performance-based measures of
mobility functioning. Besides, it has good reliability (same-
day test-retest weighted k=0.74).12

Objective and standardized performance-based mea-
sures were adapted from WHAS I protocols31 and included
(1) time to walk 1 m at usual and rapid paces; (2) time to
rise from a chair 5 times as rapidly as possible with arms
crossed in front of chest; (3) one-leg stance balance,16,32 based
on the length of time participants were able to maintain bal-
ance while standing on one leg up to a maximum of 30 sec-
onds (using 3 categories: ,10 seconds, 10 to ,30 seconds,
and 30 seconds); (4) the static balance measure, created by
Guralnik et al,33 based on the participant’s ability to main-
tain their feet in the side-by-side, semitandem, and tandem
positions for 10 seconds; (5) maximal strength of the hip
flexor muscles, assessed using a handheld dynamometer (2
trials for each leg were carried out, and the average strength
of the strongest leg was used for analysis); (6) maximal grip
strength of the dominant and nondominant hands using a
handheld Jamar dynamometer (2 trials for each hand were
carried out, and the average was used as the final measure
for each hand); and (7) the Mini-Mental State Examination
score. The intraclass correlation coefficient for the time to
walk 1 m at a usual pace for measures obtained 1 week apart
in WHAS I, which used the same protocol, was 0.90 (95%
confidence interval, 0.89-0.91) and confirms the high reli-
ability of this measure (data not published). Intraclass

(REPRINTED) ARCH INTERN MED/ VOL 160, SEP 11, 2000 WWW.ARCHINTERNMED.COM
2526

©2000 American Medical Association. All rights reserved.
 at MUSC Library, on April 7, 2009 www.archinternmed.comDownloaded from 

http://www.archinternmed.com


RESULTS

STUDY POPULATION

Study participants consisted of 266 community-
dwelling women aged 70 to 80 years who reported no
difficulty in 3 mobility tasks (Table3). Almost 50% lived
alone. Overall, there was significant variability in edu-
cation, race, perceived health status, and number of
chronic diseases. The most frequently diagnosed dis-
eases were hypertension and osteoarthritis. Participants
were cognitively intact. Task modification (ie, decrease
in frequency or change in the method of performance of

mobility tasks) while having no difficulty with mobility
tasks was reported by 26% of individuals. Objective per-
formance-based measures of function were compatible
with a high-functioning group.42

DERIVATION OF NOMOGRAMS

After 18 months, 23.9% of study participants developed
mobility difficulty. Table 4 shows that incident mobil-
ity difficulty was predicted by self-report of task modi-
fication, time to walk 1 m at a usual or rapid pace, time
to complete 5 chair stands, and one-leg stance balance.
Variables that were not statistically significant predic-

correlation coefficients for repeated chair stands time and
grip and hip strength were also recently reported (0.76-
0.89,34 0.92-0.95,34 and 0.93,35 respectively).

PRIMARY OUTCOME

Incident mobility difficulty within 18 months was the out-
come of interest. For the purposes of these analyses, all par-
ticipants at baseline were nondisabled, ie, they reported no
difficulty in each of 3 tasks: walking 0.8 km, climbing 10
steps, and transferring from and into a car or bus. Those
reporting difficulty in at least 1 of the 3 tasks at the 18-
month follow-up visit were considered to have incident mo-
bility difficulty. The rationale for using these 3 tasks in our
disability definition was based on (1) our clinical judg-
ment that the broad concept of mobility functioning in-
cludes different components that have distinct biomechani-
cal and energy demands that are best captured by 3 tasks
instead of 1 and (2) previous work showing that these tasks
are likely to be affected early in the mobility disablement
process and constitute different and nonhierarchical en-
try points into this process (P.H.M.C., E.S.G., and L.P.F.,
unpublished data, 1994-1996).

STATISTICAL ANALYSIS

Step 1: Data Exploration

Descriptive statistics were used to characterize the study
population and measures of physical function. Bivariate as-
sociations between incident mobility difficulty and poten-
tial predictors were examined using scatter plots, box plots,
cross-tabulations, and logistic regression analyses, with and
without adjustment for age. Threshold and nonlinear re-
lationships were evaluated using quadratic and spline36 terms
during modeling (F and x2 statistics at a=.05 were used
for evaluation of statistical significance).

Step 2: Multiple Logistic Regression

Modeling was carried out for selection of the most parsi-
monious combination of predictors of incident mobility dif-
ficulty 18 months later. The goal in using such an ap-
proach was to maximize data collection efficiency in the
clinical setting. Only variables that achieved a signifi-
cance level of P,.05 in step 1 were considered. A stepwise
model was fit. Variables were entered into the model in an
order that would reproduce the information collection pro-
cess most likely to occur in the clinical setting. Likelihood

ratio tests were used to assess whether the addition of vari-
ables would provide supplemental information above and
beyond that already obtained by a simpler model (P,.05
is necessary for statistical significance).

Step 3: Receiver Operating
Characteristic Curve Analyses

Receiver operating characteristic curves and their
respective areas under the curve (AUCs) were used for
estimation of the overall accuracy of different models in
predicting disability.37 Differences in AUCs were then
compared according to the method developed by Hanley
and McNeil.38

Step 4: Nomograms

Taking into account results from the receiver operating char-
acteristic curve analyses and clinical feasibility, one model
was identified as optimal for developing predictive nomo-
grams. We then constructed fitted plots of the predicted
probability of incident mobility difficulty, and their asso-
ciated 95% confidence intervals, given the measures in-
cluded in this optimal model. By connecting the points in
these plots, we obtained the probability and confidence
bands that define our nomograms.

Step 5: Validation Analysis

The prediction rule used for developing these nomograms
was internally validated by taking 1000 bootstrap samples39

from the original cohort and determining the median and
95% confidence intervals of 5 accuracy measures: sensi-
tivity, specificity, positive and negative predictive values,
and correct classification (ie, the percentage of individu-
als whose predicted and observed probabilities are the same).
Briefly, fitted probabilities were computed according to the
nomogram prediction rule and compared with the ob-
served probabilities of incident disability. The latter as-
sumed values of 1 or 0 depending on whether the indi-
vidual developed or did not develop disability, respectively.
For comparison, the fitted probabilities were dichoto-
mized: they were defined as 0 if the fitted were lower than
the probability cutoff point or 1 if higher. For example, if
the computed probability was 0.40, her predicted prob-
ability was considered 0 for cutoff levels less than 0.40 and
1 for cutoff levels greater than 0.40. Bootstrap analyses were
then conducted considering different cutoff points. Stata
6.040 and S-Plus 3.341 were used for analyses.
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tors included static balance summary score, hip and grip
strength, and Mini-Mental State Examination score.
Age-adjusted and unadjusted analyses yielded almost iden-
tical results.

Table5 shows the results of forward stepwise logis-
tic regression analyses to identify the most predictive, yet
parsimonious,combinationofmeasures thatpredictedmo-
bilitydifficultywithin18months.Becauseself-reportofmodi-
ficationof taskperformancecanbeeasilyobtained through
clinical interview and this measure strongly predicted in-
cidentmobilitydifficultyinstep1, itwasincludedinallmod-
els.Walkingandchair stand timeswereenterednext.Time
to walk 1 m at a usual pace and time to complete 5 chair
standsaddedsignificant andnonredundant information to
modelscontainingonlyself-reportoftaskmodification(mod-
els 2 and 4; P=.006 and .003, respectively); time to walk 1
m at a rapid pace did not (model 3; P=.09). Time to com-
plete 5 chair stands did not significantly improve fit over a
modelwithtaskmodificationandtimetowalk1matausual
pace (model5; P=.11).Ontheotherhand, additionofone-
leg stance balance to models 2 and 4 resulted in significant
improvement in fit (models 6 and 7; P=.002 for both). No
interaction terms were statistically significant (data not
shown). Based on these results, models 6 and 7 seemed to
be the best final model candidates.

Figure 1 displays receiver operating characteristic
curves for models 6 and 7 and for the simpler models 1
and 2 (the latter 2 were included for illustration of the gain
in accuracy obtained with incorporation of additional
measures). The AUCs were 73%, 72%, 70%, and 62%, re-
spectively (SE=0.04 for all). The difference between AUCs
of models 2 and 1 was 8% but achieved only marginal sta-
tistical significance (P=.08). On the other hand, models
6 and 7 represented a statistically significant gain in pre-
dictive accuracy over the simplest model 1 (11%; P=.02
and 10%; P=.03, respectively). The difference between the
AUCs of models 6 and 7 was not significant (1%; P=.40).

ASSESSING THE RISK
OF INCIDENT MOBILITY DISABILITY

WITH NOMOGRAMS

Taking into account the AUC of each model and clinical
feasibility issues (eg, asking an older adult to walk 1 m
and timing it is easier to implement than the 5 chair stands
test; besides, the latter also depends on chair specifica-

tions and is more burdensome), model 6 was chosen as
the final model. Based on this model, we constructed 6
predictive nomograms (Figure 2), which were strati-
fied by whether participants self-reported modification
or no modification in mobility tasks because of health
problems and by one-leg stance balance categories. Us-
ing these nomograms, the probability of developing mo-
bility difficulty within 18 months can be readily ob-
tained for nondisabled women aged 70 to 80 years. For
example, if a woman reports that she has no difficulty
with mobility tasks but that she has decreased the fre-
quency she walks 0.8 km or biomechanically changed the
way she climbs steps, and on examination she is able to
stand on one leg for less than 10 seconds and she walks

Table 1. Domains of Physical Disability in Which Difficulty
Performing Certain Tasks Was Used for Screening
of Participants Into Women’s Health and Aging Study II

Domain of
Physical Function Task

Mobility Walking 0.4 km, walking up 10 steps without
resting, getting into and out of a bed or chair,
doing heavy housework

Upper extremity
movement

Raising arms up over head, grasping or
handling, lifting something as heavy as 4.5 kg

Complex
functioning

Using the telephone, doing light housework,
preparing meals, shopping for personal items

Self-care Bathing or showering, dressing, eating, using
the toilet

Table 2. Obtaining the 3 Measures
for Risk Assessment Using Nomograms

Self-report of mobility task modification
1. Presence or absence of mobility task modification among those

who report no mobility difficulty can be obtained based on the
answer to the following questions “For health or physical
reasons, do you have any difficulty in (task)?”, where tasks are
(1) walk 0.8 km, (2) climb 10 steps, and (3) transfer from/into
car/bus. Possible answers are “yes” or “no.”

2. Mobility modifications are assessed in steps.
Step 1: “In the previous set of questions, I was interested in

whether you have difficulty with a task. Now, I will be
interested in whether you have changed the way or
changed how often you do a task. Due to a health or
physical condition, have you changed how frequently
you (task)?”, where tasks were the same as above.
Possible answers are “no,” “yes, do it less frequently,”
or “yes, don’t do it anymore.”

Step 2. “Due to a health or physical condition, have you changed
(modified) the method that you used to (task)?”, where
changing the method meant doing tasks slower, using
body in a different position or using a different method
of moving, using different types of clothing, or having
omitted some parts of the task, or having changed the
home. Possible answers are “no” or “yes.”

3. Self-report of mobility task modification should be coded as
follows. Subjects who answer “no” to the 3 questions in all 3
tasks are considered as “no report of task modification.” If they
answer “no” to the first question (task difficulty), but “yes” either
to the frequency or method changes questions, they are
considered as having mobility task modification.

One-leg stance balance
Help participants into the appropriate position: standing on one leg,
while keeping the other leg off the floor, and holding arms out to the
side. When the subject is in position and ready, instruct to let go of
the clinician’s arm, and begin timing. The timing should be stopped
when the subject moves her foot, grasps the clinician for support,
or when 30 s elapses. One trial for each leg should be performed.
The following one-leg balance categories should then be created
based on the participant’s best performance (ie, the longer time
between the 2 trials): (1) category 1: able to hold balance ,10 s;
(2) category 2: able to hold balance for $10 s, but ,30 s; and
(3) category 3: able to hold balance for the full 30 s.

Time to walk 1 m at usual pace
Place a tape on the floor to serve as the starting line. Place 2 other
tapes on the floor 1 and 4 m away from the initial tape. Ask the
subject to stand with both feet touching the starting line. Then ask
the subject to walk across a 4-m course at their usual speed, just as
they were walking down the street to go to the store. Tell the subject
to start walking after the prompt, “Ready, begin!” The clinician
should walk beside the subject. Timing should be started as the
participant begins walking and stopped when the participant’s toe
crosses the 1-m mark.
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1 m at her usual pace in 2 seconds, her estimated prob-
ability of developing clinically significant mobility dis-
ability within 18 months is 56% (95% confidence inter-
val, 40%-72%). Overall, risk is greater in individuals
reporting task modification in mobility tasks decreases
as individuals are able to maintain their one-leg balance
for longer times, and increases with longer walking times.

VALIDATION ANALYSIS

Results from bootstrap analyses conducted for valida-
tion purposes are presented in Table 6 and should be
interpreted according to the following example. For the
.30 cutoff point, the nomograms prediction rule have an
estimated sensitivity of 44% (ie, the percentage of all the
individuals who will develop mobility difficulty within
18 months have baseline fitted probabilities ..30), a speci-
ficity of 80% (ie, the percentage of those who will re-
main free of mobility difficulty have baseline fitted prob-
abilities ,.30), a positive predictive value of 40% (ie, the
percentage of those whose baseline fitted probabilities
were ..30 who will develop incident difficulty), and a
negative predictive value of 83% (ie, the percentage of
those whose baseline fitted probabilities were ,.30 who
will remain free of difficulty); overall correct classifica-
tion will be achieved 72% of the time. Validity measures

are also shown for other cutoff points. As shown in Table
6, correct classification of individuals regarding future
difficulty status can be expected 72% to 79% of the time
for cutoff points of .30 or higher. In our study, 25% of
older women who were free of mobility difficulty at base-
line had fitted risks greater than .30.

COMMENT

We presented nomograms for straightforward estima-
tion of the probability of developing mobility difficulty
within 18 months for nondisabled, community-
dwelling women aged 70 to 80 years. To estimate such
risk, 3 measures need to be obtained and “plugged” into
the nomograms: (1) self-report of whether the indi-
vidual has changed the method or frequency of perform-
ing mobility tasks, while having no difficulty with them;

Table 3. Demographic and Clinical Characteristics
of the Study Population Serving as the Basis
for the Derivation of Predictive Nomograms*

Baseline Category
Participants
(N = 266)

Female sex 100
Age, mean ± SD (range), y 73.9 ± 2.8 (70-80)
Education, mean ± SD, y 12.7 ± 3.2

0-8 10.2
9-11 15.0
12 33.5
.12 41.4

Living alone 48.5
Race

White 71.4
Black 27.1
Other 1.5

Perceived health status
Excellent 7.5
Very good 13.9
Good 39.9
Fair 30.4
Poor 8.3

Chronic diseases
Hypertension† 58.6
Osteoarthritis of the hip or knee‡ 52.6
Osteoarthritis of the hand‡ 34.2
Pulmonary diseases§ 19.2
Osteoporosis\ 9.4
Coronary heart disease¶ 8.6
Diabetes 5.3
Cancer 4.5
Stroke 2.3
Parkinson disease 0.4
Chronic diseases per person, mean ± SD, No.# 4.0 ± 1.2

Cognitive function
MMSE score, median (5th, 95th percentiles) 29 (25, 30)

Table 3. Demographic and Clinical Characteristics
of the Study Population Serving as the Basis
for the Derivation of Predictive Nomograms* (cont)

Baseline Category
Participants
(N = 266)

Physical function
Self-reported measures

Difficulty in mobility tasks 0
Task modification in mobility tasks** 25.9

Performance-based measures
Timed tests, median (5th, 95th percentiles), s

Time to walk 1 m at a usual pace 1.4 (1.0, 2.0)
Time to walk 1 m at a rapid pace 1.0 (0.7, 1.4)
Time to complete 5 chair stands 12.5 (8.7, 17.8)
Time standing on one leg (up to 30 s) 10.1 (1.8, 30.0)

Balance
One-leg stance balance

Category 1 (,10 s) 49.2
Category 2 (10 to ,30 s) 31.8
Category 3 (30 s) 19.0

Static balance††
Score 1 3.4
Score 2 6.8
Score 3 20.4
Score 4 69.4

Strength, median (5th, 95th percentiles), kg
Hip strength 16.6 (9.1, 29.3)
Grip strength—dominant hand 24.0 (17.3, 31.3)
Grip strength—nondominant hand 22.0 (15.3, 29.0)

*Data are given as percentages unless otherwise indicated. MMSE
indicates Mini-Mental State Examination.

†Based on self-report of “diagnosis being told by a doctor.”
‡Symptomatic or asymptomatic.
§Including those with chronic obstructive pulmonary disease and/or

asthma.
\Including those with a diagnosis of osteoporosis and/or hip fracture.
¶Including those with angina and/or myocardial infarction (asymptomatic

or symptomatic).
#Of the 10 adjudicated diseases listed.
**Participants who reported no mobility difficulty but had modified the

way they performed mobility tasks by changing the method or reducing the
frequency, because of underlying impairments.

††Created according to Guralnik et al34: score 1 (the worst), able to stand
in side-by-side position for 10 seconds but unable to stand in semitandem
position for ,10 seconds; score 2, able to stay in semitandem position for
10 seconds but in full tandem position for ,3 seconds; score 3, able to stay
in semitandem position for 10 seconds and in full tandem position for 3 to
,10 seconds; and score 4 (the best), able to stand in full tandem position
for 10 seconds.
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(2) one-leg stance balance categories; and (3) time to walk
1 m at a usual pace. These 3 measures can be easily ob-
tained in clinical settings and are safe, inexpensive, and
not time-consuming (Table 2). From the functional as-
sessment point of view, these measures are markers of
preclinical disability13 and identify functional decline be-
fore it might be symptomatically apparent. The devel-
opment of these nomograms provides an original screen-
ing tool for risk assessment of early and clinically relevant
mobility disability in older women.

Previously, Guralnik et al14 used mobility-related per-
formance-based measures to predict self-reported mo-
bility difficulty. Specifically, that study tested how well
a predefined combination of 3 performance-based mea-
sures predicted subsequent mobility dependency, a dis-
ability outcome measure shown to be hierarchically dis-
tinct from mobility difficulty.43 The present study builds
on that work by aiming to determine the most clinically
useful combination of self-report and performance-
based measures of mobility function for screening for risk

Table 4. Crude and Age-Adjusted Odds Ratios (ORs) With 95% Confidence Intervals (CIs) for Incident Mobility Difficulty
Within 18 Months by Individual Physical Function Measures at Baseline

Measure of Physical Function
Participants, No.*

(N = 266)

Unadjusted Age Adjusted

OR (95% CI) P OR (95% CI) P

Self-report of task modification (yes vs no) 266 3.16 (1.71-5.74) .001 3.14 (1.71-5.74) ,.001
Time to walk 1 m at a usual pace (1 s) 256 4.47 (1.91-10.48) .001 4.39 (1.86-10.37) .001
Time to walk 1 m at a rapid pace (1 s) 263 4.41 (1.31-14.8) .02 4.25 (1.25-14.50) .02
Time to complete 5 chair stands (5 s) 258 2.26 (1.37-3.72) .001 2.28 (1.38-3.77) .001
One-leg stance balance† 258

Category 1 (,10 s) 1.00 . . . 1.00 . . .
Category 2 (10 to ,30 s) 0.51 (0.26-0.98) .04 0.51 (0.26-0.99) .05
Category 3 (30 s) 0.09 (0.02-0.39) .001 0.09 (0.02-0.39) .001

Static balance‡ 265
Score 1 1.00 . . . 1.00 . . .
Score 2 1.27 (0.24-6.82) .78 1.32 (0.24-7.11) .75
Score 3 0.51 (0.11-2.38) .39 0.52 (0.11-2.43) .41
Score 4 0.57 (0.14-2.39) .45 0.60 (0.14-2.53) .49

Hip strength§ (1 kg) 259 1.00 (0.96-1.05) .95 1.00 (0.96-1.05) .93
Grip strength\ (1 kg) 261 0.98 (0.92-1.05) .55 0.98 (0.92-1.05) .65

*Number of individuals with measures available for each test. Data are not available for 0 to 10 people because of missing data or exclusion of outliers.
†One trial on each leg was performed. Analyses are shown for the best performance, ie, the longer time.
‡For explanation, see the last footnote to Table 3.
§Two trials were performed on each leg; average strength for the stronger leg is used. Analyses were also carried out using the average strength for the weaker

leg and the average between them, but results were virtually identical (data not shown).
\Presented is grip strength of the dominant hand. Analyses were also carried out for the nondominant hand and averaged, but results were virtually identical

(data not shown).

Table 5. Multivariate Logistic Regression Models Used to Identify the Most Parsimonious Combination of Predictors
of Developing Mobility Difficulty Within 18 Months

Model Predictors Odds Radio (SE) Likelihood Ratio Test*

1 Self-report of task modification (yes vs no) 3.16 (0.97) Not applicable

2 Self-report of task modification (yes vs no)
Walking time for 1 m at a usual pace (1 s)

2.83 (0.92)
3.36 (1.50)

Models 2 and 1: 7.49 (1 df ); P = .006

3 Self-report of task modification (yes vs no)
Walking time for 1 m at a rapid pace (1 s)

2.99 (0.95)
3.02 (1.90)

Models 3 and 1: 3.84 (1 df ); P = .08

4 Self-report of task modification (yes vs no)
Time to complete 5 chair stands (5 s)

3.13 (1.00)
2.17 (0.58)

Models 4 and 1: 8.67 (1 df ); P = .003

5 Self-report of task modification (yes vs no)
Walking time for 1 m at a rapid pace (1 s)
Time to complete 5 chair stands (5 s)

3.06 (1.00)
2.41 (1.20)
1.60 (0.47)

Models 5 and 2: 2.56 (1 df ); P = .11

6 Self-report of task modification (yes vs no)
Walking time for 1 m at a usual pace (1 s)
One-leg balance category 2 (10 to ,30 s)†
One-leg balance category 3 (30 s)†

2.37 (0.81)
2.23 (1.10)
0.60 (0.21)
0.13 (0.09)

Models 6 and 2: 12.4 (2 df ); P = .002

7 Self-report of task modification (yes vs no)
Time to complete 5 chair stands (5 s)
One-leg balance category 2 (10 to ,30 s)†
One-leg balance category 3 (30 s)†

2.55 (0.86)
1.89 (0.55)
0.59 (0.21)
0.12 (0.09)

Models 7 and 4: 12.9 (2 df ); P = .002

*Testing statistical significance of fit improvement resulting from the addition of a new variable(s).
†Reference category is category 1 (,10 s).
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of mobility difficulty, an earlier stage of the disablement
process. Regarding other screening tools, Moore and Siu44

recently proposed the timed “Up & Go” test (the time
for the individual to rise from an armchair, walk 3 m,
turn, walk back, and sit down again). Although simple
and appealing, it has yet to have its prospective screen-
ing accuracy established.

In addition to the major results of this study, other
findings should be noticed. The static balance compo-
nent of the tool developed by Guralnik et al14 was not a
statistically significant predictor of mobility difficulty in
our study, but the one-leg stance balance measure was.
This suggests that the latter might be more sensitive and
appropriate for the screening of higher-functioning popu-
lations. Also, time to complete 5 chair stands did not pro-
vide statistically significant information beyond that pro-
vided by 1-m walking time regarding short-term
prediction of mobility difficulty. Finally, hip strength was
not a significant predictor of incident mobility diffi-
culty. This was likely because of a ceiling effect (ie, these
high-functioning women’s strength was beyond a thresh-
old above which increases in strength do not add fur-
ther protective effect).35

The decision to consider only measures of mobility
functioning for inclusion in the prediction rule was based
on 2 points: first, the conception that they represent not
only the effects of chronic disease but also disease status–
related deconditioning (ie, lower level of fitness) on func-
tioning decline and should be among the most proximal
measures to the outcome measure of this study, mobil-
ity difficulty, and second, an a priori expectation that use
of only a few selected measures of mobility would allow
reasonably accurate risk prediction, therefore obviating
the need for additional measures from other domains. In-
deed, increases in the time needed for obtaining such ad-
ditional measures in the clinical setting and in the com-
plexity for communicating risk would certainly represent

a threat to the clinical usefulness of our nomograms.
Nonetheless, we conducted a post hoc analysis to evalu-
ate the impact of 6 established risk factors for mobility
difficulty not considered as candidates for our predic-
tion rule on model fit and predictive accuracy: (1) defi-
nite diagnosis of angina or myocardial infarction, (2) defi-
nite diagnosis of knee osteoarthritis (symptomatic or
asymptomatic), (3) presence of depression ($11 points
on the Geriatric Depression Scale),45 (4) body mass in-
dex (,18.5 and .18.5 ,25 and .25, and ,30 and .30
kg/m2), (5) history of falls within the past 12 months,
and (6) self-reported fear of falling within the past 12
months. When added to the prediction rule one at a time,
none of these measures improved the predictive ability
of our predictive rule in a statistically significant way (data
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Figure 1. Receiver operating characteristic curves for assessing accuracy of
elected logistic regression models in predicting incident mobility difficulty
18 months later. Model 6 (self-report of mobility task modification+time to
walk 1 m at a usual pace+one-leg balance) and model 7 (self-report of task
modification+time to complete 5 chair stands+one-leg balance) were the
most effective and parsimonious combinations of predictors of incident
mobility difficulty in step 2. These were compared with simpler model 2
(self-report of task modification+time to walk 1 m at a usual pace) and
model 1 (self-report of task modification alone) to allow assessment of
gain in accuracy resulting from including additional measures in the model.
Predictive accuracies (defined in terms of the area under the curve) of
models 6, 7, 2, and 1 were 73%, 72%, 70%, and 62%, respectively
(SE=0.4 for all).
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Figure 2. Nomograms to predict the probability of onset of mobility difficulty
within 18 months in nondisabled women aged 70 to 80 years. Probability of
incident mobility difficulty can be estimated directly from the nomograms
using 3 simple measures (see Table 2): (1) self-report of mobility task
modification (ie, asking whether, because of underlying impairments,
individuals had modified the way they performed mobility tasks without
having difficulty with them, by changing the method or the frequency of task
performance), (2) one-leg stance balance (ie, the length of time the individual
is able to maintain her balance while standing on one leg: ,10 seconds,
10 to ,30 seconds, or 30 seconds), and (3) time to walk 1 m at a usual
pace. Left, Nomograms for individuals who report mobility task modification.
Right, Nomograms for individuals who report no mobility task modification.
The rows are stratified by one-leg standing balance categories.
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not shown). These findings can be explained in part by
the relatively low variability in disease severity in high-
functioning populations.

The strengths of these nomograms include (1) pre-
diction of incident mobility difficulty that is as accurate
as current National Cholesterol Education Program guide-
lines and the single ratio of total plasma cholesterol level
to high-density lipoprotein cholesterol level for predic-
tion of coronary heart disease mortality (AUC=0.73, 0.74,
and 0.72, respectively)46 and as accurate as Papanicolaou
smears for prediction of cervical cancer (AUC=70%)47;
(2) risk characterization as a probability, which is easier
to communicate to patients than an odds ratio; and
(3) provision of a range for the estimated probability.

Four important limitations of this study must be
pointed out. First, initial nonresponse of individuals cho-
sen for inclusion in this population-based cohort is likely
to have limited the external validity of our results. Whether
they can be generalized to other age-sex groups, which have
overall lower risk of mobility disability than the popula-
tion targeted here, or to less educated populations re-
mains to be determined. Second, nonresponse is likely to
have biased our results toward underestimation of the true
risk of mobility difficulty onset, especially among those
who reported mobility task modification or were classi-
fied in the worst categories of one-leg stance balance, con-
sidering that those who were eligible but decided not to
participate had lower levels of functioning than did study
participants. Third, validation of the predictive rule used
for developing these nomograms, which showed a rela-
tively high degree of predictive validity for the proposed
screening tool, was internal rather than external. The lat-
ter is an inherently stronger approach, but given the non-
existence of another data set containing all the measures
included in our prediction rule, and the relatively small
sample size of this study, which could have led to signifi-
cant loss of power and generation of unstable and non-
precise estimates had a sample-splitting technique been
used, validation of the prediction rule in an independent
population was not performed at this time. Finally, the con-
fidence intervals presented in our nomograms do not in-
corporate day-to-day variability of the measures used in
the prediction rule, such as 1-m walking time. Nonethe-
less, there is evidence in the literature that the size of these

short-term fluctuations are relatively small, and individu-
als’ locations in the population distribution of perfor-
mance tend to be preserved for at least 6 months,48 thus
not constituting a threat for risk stratification purposes,
which was the broad goal of this study.

In conclusion, this article offers a new approach to
screening high-functioning older women for subsequent
mobility difficulty. There are 2 contexts in which these no-
mograms have potential for application. First, they could
beusedforclinicalscreeninganddecisionmaking.Evidence
of a low disability risk can be used to reassure patients of
theirhighfunctioningstatus,whereas furtherclinicalevalu-
ation might be sought for patients at high risk. Providing
patients with knowledge about their short-term difficulty
risk might encourage them to engage in the primary pre-
vention activities currently recommended.49-52 Second, by
permitting identification of a preclinically disabled, high-
riskgroupofolderadults, thesenomogramscouldcontrib-
ute to the delineating effective preventive interventions for
forestalling the cascade of functional decline that leads to
the onset of early mobility disability.
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Table 6. Validation Analysis*

Probability
Cutoff Point

Measures of Accuracy, %

Sensitivity Specificity
Positive

Predictive Value
Negative

Predictive Value
Correctly
Classified

$.10 96 (90-100) 25 (8-31) 28 (21-34) 96 (89-100) 41 (35-48)
$.15 95 (88-100) 37 (30-44) 31 (24-38) 96 (90-100) 50 (44-57)
$.20 79 (67-88) 55 (48-62) 34 (26-42) 90 (84-95) 60 (55-66)
$.25 61 (49-74) 72 (65-77) 39 (29-49) 86 (81-91) 69 (64-75)
$.30 44 (31-57) 80 (74-85) 40 (28-52) 83 (77-88) 72 (67-77)
$.35 39 (27-52) 83 (77-88) 41 (28-54) 82 (77-87) 73 (68-79)
$.40 30 (19-42) 91 (86-94) 49 (32-64) 81 (76-86) 77 (71-82)
$.45 21 (10-32) 93 (88-96) 46 (26-65) 80 (74-84) 76 (71-81)
$.50 16 (7-26) 97 (94-99) 60 (33-85) 79 (74-84) 78 (73-83)
$.55 11 (4-19) 99 (97-100) 75 (40-100) 79 (74-84) 79 (74-84)

*Data are given as mean (bias corrected 95% confidence interval).
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