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Abstract

Background. Functional independence with aging is an important goal for individuals and society. Simple prognostic indicators can inform 
health promotion and care planning, but evidence is limited by heterogeneity in measures of function.
Methods. We performed a pooled analysis of data from seven studies of 27,220 community-dwelling older adults aged 65 or older with baseline gait 
speed, followed for disability and mortality. Outcomes were incident inability or dependence on another person in bathing or dressing; and difficulty 
walking ¼ – ½ mile or climbing 10 steps within 3 years.
Results. Participants with faster baseline gait had lower rates of incident disability. In subgroups (defined by 0.2 m/s-wide intervals from 
<0.4 to ≥1.4 m/s) with increasingly greater gait speed, 3-year rates of bathing or dressing dependence trended from 10% to 1% in men, 
and from 15% to 1% in women, while mobility difficulty trended from 47% to 4% in men and 40% to 6% in women. The age-adjusted 
relative risk ratio per 0.1 m/s greater speed for bathing or dressing dependence in men was 0.68 (0.57–0.81) and in women: 0.74 (0.66–
0.82); for mobility difficulty, men: 0.75 (0.68–0.82), women: 0.73 (0.67–0.80). Results were similar for combined disability and mortality. 
Effects were largely consistent across subgroups based on age, gender, race, body mass index, prior hospitalization, and selected chronic 
conditions. In the presence of multiple other risk factors for disability, gait speed significantly increased the area under the receiver operator 
characteristic curve.
Conclusion. In older adults, gait speed predicts 3  year incidence of bathing or dressing dependence, mobility difficulty, and a composite 
outcome of disability and mortality.

Key Words: Gait speed—Disability—Mortality—Mobility—Performance

Maintaining functional independence with aging is important to 
individuals and society (1–3). Efforts to promote independence are 

most effective when they can be individualized based on risk (4–6). 
Disability risk is related to age, poor health, cognitive impairment, 

 by guest on D
ecem

ber 16, 2015
http://biom

edgerontology.oxfordjournals.org/
D

ow
nloaded from

 

http://www.oxfordjournals.org/
http://biomedgerontology.oxfordjournals.org/


64 Journals of Gerontology: MEDICAL SCIENCES, 2016, Vol. 71, No. 1

and poor physical performance (2,7,8). Gait speed is a simple perfor-
mance measure, recommended for clinical use, that predicts disabil-
ity onset and/or progression (1,9–13). To date, evidence about gait 
speed as a disability predictor has been derived from individual stud-
ies and summary reviews, whereas pooled analyses yield larger sam-
ple sizes that could increase precision, generalizability, and capacity 
for subgroup analyses.

While such pooled analyses have been applied to gait speed 
and mortality (14), pooling for disability outcomes is more dif-
ficult due to heterogeneity of terminology related to disability 
states (2,7,15). For example, disability severity can be obtained by 
queries about difficulty, dependence, or inability (16). In order to 
pool data on disability outcomes, measures of function from each 
study must be characterized in order to determine which ones can 
be harmonized.

Another challenge is that disability itself is a common cause of 
loss to follow-up and hence of missing outcomes. In addition, dis-
ability can rapidly progress to death or be transient between study 
assessments (17,18). Missing disability data due to mortality can 
lead to biased rates and associations, and underestimate true effects 
(19). Because mortality is accessible without contact, a combined 
outcome of function and survival offers a partial solution to assess 
the potential bias due to missing data and provides a broader per-
spective (3).

To overcome these challenges and address key gaps in knowl-
edge, we use pooled analysis of data from multiple large cohort 
studies to evaluate the association between gait speed and inci-
dent disability, based on two levels of disability: self-care depend-
ence and mobility difficulty. We estimate incident disability risk as 
well as risk of death or disability. We assess the predictive power 
of gait speed and subgroup differences based on demographics, 
health behaviors, and chronic conditions. Our overall goal is to 
add precision and specificity to the evidence that could support 
the clinical use of gait speed as an objective, reliable marker of dis-
ability risk. Gait speed in clinical use could complement self-report 
of function and may be sensitive to subtle changes over time, thus 
helpful for preventive monitoring. Ultimately, these findings could 
increase interest and enthusiasm for integrating gait speed into 
clinical care.

Methods

Overview
We used data from seven large cohort studies (Table  1) (20–27). 
Each included ≥250 community-dwelling older adults. All stud-
ies obtained participant informed consent and institutional review 
board approval.

Populations
Study descriptions have been published elsewhere (20–27). We 
identified a 3-year time span in each study where gait speed was 
measured at the beginning, and disability was assessed at both 
the beginning and the end. In order to create consistent inter-
vals, we used baseline for most studies, but used year 3 (1990–
1991) as baseline for the Cardiovascular Health Study (CHS) 
(27), wave 2 (1995–1996) for Hispanic Established Populations 
Epidemiologic Study of the Elderly (HEPESE) (20), and visit 
4 (1992–1994) for bathing or dressing outcome in the Study of 
Osteoporotic Fractures (SOF) (23). We included only those aged 
at least 65 years. The Predicting Elderly Performance (PEP) study 

(21) required re-consenting after 2 years, and the data include only 
those re-consenting, yielding no losses. Similarly, 3-year follow-up 
for Osteoporotic Fractures in Men (MrOS) study (25,26) coincided 
with the sleep visit. Only sleep study recruits were included, yield-
ing low rates of unknown status.

Measures
Gait speed was defined by distance (in meters) divided by time 
(in seconds) from a standing-start usual-pace walk. Walk distance 
ranged 8 feet to 6 m. Speeds from different walk lengths cannot be 
treated as interchangeable due to greater acceleration phase influ-
ence in shorter walks. The 8-foot speed was converted to a 4-m 
equivalent using a published formula (12). The 6-m speeds were con-
verted using 4-m speed = −0.0341 + (6-m speed) × 0.981614; 15-foot 
(4.57 m) speed in one study (27) was considered equivalent to a 4-m 
speed. Gait speed was treated continuously and as categories based 
on 0.2 m/s intervals.

Other measures included age, sex, race/ethnicity, body mass 
index, systolic blood pressure, global health status, previous year 
hospitalization, and cancer, arthritis, diabetes, and heart disease.

Disability
Outcomes were self-reported (i) bathing or dressing dependence 
(inability or needing help from another) and (ii) mobility difficulty 
(difficulty walking ¼ – ½ mile or climbing 10 steps or one flight of 
stairs). The specific wording of items is provided in Supplementary 
Table  1. We excluded participants with the outcome at the time 
of baseline gait speed measurement to obtain a denominator for 
incident disability. The MrOS study only had data on mobility 
difficulty.

Missing Data and Mortality
Missing data can occur due to informative censoring (19). Those 
with missing outcomes may be too disabled to attend a follow-
up visit, or not participate due to institutionalization or death. 
Ignoring missing data may underestimate rates of disability and 
potentially attenuates associations. We initially defined four 
categories for our outcomes: (i) no disability, (ii) disability, (iii) 
unknown disability status at 3  years but died within 4  years of 
gait speed measurement, and (iv) unknown disability status due 
to another reason. We combined the categories of disability and 
death to additionally create a dichotomous composite outcome 
for assessing predictive accuracy through receiver operator char-
acteristic (ROC) curve analysis. Mortality assessment in cohorts 
is described elsewhere (14). Time to mortality was set at 4 years 
to allow a sufficient window to complete 3 years of follow-up. As 
a sensitivity analysis to address potential limitations of handling 
missing data in our first approach, we used multiple imputation 
to account for missing data (28). For each study, we created 10 
data sets with missing disability data. We stratified imputation 
by gender, and used a logistic regression model to impute missing 
incident disability with age gait speed; analyzed each data set as 
though complete; and finally combined the 10 sets of parameter 
estimates appropriately to obtain results.

Within Study Analyses
We computed proportions with incident disability for each gen-
der × gait speed category combination. For each gender, we used 
multinomial logistic regression models (29) with four-level incident 
disability as dependent variables (using no disability as reference), 
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generalized logit link, continuous and categorical definitions (using 
0.8–1.0 m/s as reference) of gait speed each as the main predictor, 
and age as a covariate. We repeated analyses using dichotomous 
composite disability and death outcome. We stratified by demo-
graphic, disease, and health status measures as in Supplementary 
Table 5. To evaluate the additional value of gait speed over demo-
graphics, disease history, and main clinical measures in predicting 
dichotomized outcomes, we used the increase in area under ROC 
curves (AUROC). For each gender, we fit multivariable logistic 
models with age and gender and obtained regression coefficients 
for nomogram construction.

Pooled Analyses
We used a standard meta-analytic random effects model (30,31) 
to pool the estimates from individual studies. We combined pro-
portions using arcsine-square root transformation; odds ratios 
and relative risk ratios on the natural log scale; AUROCs, their 
increases, and logistic regression coefficients (for nomograms) for 
age and gender on the native scale. Pooled regression coefficients 
for age and gender were used to construct nomograms of absolute 
risk. We used SAS software (SAS Institute, Inc., Cary, NC) for all 
analyses.

Results

Participants
There were 27,220 participants at baseline, with a wide age range 
and racial/ethnic diversity (Table 1). Mean baseline gait speeds var-
ied from 0.56 m/s in HEPESE to 1.22 in MrOS, while bathing or 

dressing dependence prevalence ranged from 0.2% in Health, Aging 
and Body Composition (Health ABC) study to 9.4% in InCHIANTI. 
Mobility difficulty prevalence ranged from 0.2% in Health ABC to 
40.9% in PEP.

Disability Rates
Substantial proportions developed incident disability within 
3  years. Incidence rates varied among studies with the highest 
in HEPESE and InCHIANTI (Table  2). Incident mobility dif-
ficulty was more common than bathing or dressing dependence. 
Substantial proportions had missing disability outcomes due to 
death or an unknown reason. For the group as a whole, in persons 
without disability at baseline, those with faster baseline gait had 
lower rates of incident disability. In subgroups (defined by 0.2 m/s-
wide intervals from <0.4 to ≥1.4 m/s) with increasingly greater 
gait speed, 3-year rates of incident bathing or dressing dependence 
trended from 10% to 5% in men and 15% to 1% in women, while 
incident mobility difficulty trended from 47% to 4% in men and 
40% to 6% in women.

Outcome Associations With Gait Speed
Individual Study Results
Risks for both disability outcomes, with and without combination 
with death, whether missing data were excluded or imputed, were 
largely consistent and always in the same direction across the seven 
studies, indicating little meaningful heterogeneity. Among women, 
risk ratios per 0.1 m/s faster gait speed ranged from 0.62 to 0.89, 
while in men they ranged from 0.46 to 0.90 (data not shown).

Table 1. Participant Characteristics: Mean ± SD or N (%)

CHS
N = 4,834

Health
ABC
N = 3,048

HEPESE
N = 1,905

InCHIANTI
N = 972

MrOS
N = 3,132

PEP
N = 279

SOF
Bathe/Dress  
Dependence
N = 6,704

SOF
Mobility 
Difficulty
N = 10,349

Females 2,748 (56.9) 1,575 (51.7) 1,098 (57.6) 541 (55.7) 0 (0.0) 134 (48.0) 6,704 (100.0) 10,349 
(100.0)

Race/ethnicity:
 White 4,596 (95.1) 1,783 (58.5) — 972 (100.0) 2,813 (89.8) 221 (79.2) 6,684 (99.7) 9,662 (93.4)
 Black 212 (4.4) 1,265 (41.5) — 0 (0.0) 121 (3.9) 54 (19.4) — 654 (6.3)
 Hispanic — — 1,905 (100.0) 0 (0.0) 59 (1.9) 0 (0.0) — —

 Other 26 (0.5) — — 0 (0.0) 139 (4.4) 4 (1.4) 20 (0.3) 33 (0.3)
Age (years) 75.6 ± 5.4 73.6 ± 2.9 74.7 ± 6.0 74.6 ± 7.1 73.0 ± 5.5 73.7 ± 5.2 74.9 ± 4.8 71.8 ± 5.2
Gait speed (m/s) 0.93 ± 0.25 1.12 ± 0.23 0.56 ± 0.23 1.00 ± 0.28 1.22 ± 0.22 0.90 ± 0.24 0.89 ± 0.22 0.95 ± 0.22
 Males 0.96 ± 0.25 1.18 ± 0.23 0.61 ± 0.24 1.08 ± 0.28 1.22 ± 0.22 0.90 ± 0.24 — —
 Females 0.91 ± 0.25 1.07 ± 0.21 0.53 ± 0.21 0.93 ± 0.26 N/A 0.90 ± 0.24 0.89 ± 0.22 0.95 ± 0.22
Body mass 
index

26.4 ± 4.5 27.4 ± 4.8 27.9 ± 5.1 27.5 ± 4.1 27.4 ± 3.7 28.0 ± 5.0 26.4 ± 4.5 20.6 ± 4.6

Hospitalized 
past year

487 (10.1) 456 (15.0) 304 (16.0) 129 (13.3) N/A 53 (19.0) N/A 1,116 (11.5)

Diseases:
Cancer 720 (14.9) 575 (18.9) 115 (6.0) 95 (9.8) 874 (27.9) 61 (21.9) 1427 (21.3) N/A
Arthritis 2,431 (50.9) 1,706 (56.7) 812 (42.6) 304 (31.3) 1,456 (46.5) 171 (61.3) 4,223 (63.0) 6,002 (63.1)
Diabetes 500 (10.3) 453 (14.9) 455 (23.9) 106 (10.9) 299 (9.6) 43 (15.4) 415 (6.2) 681 (7.0)
Heart disease 980 (20.2) 652 (22.0) 155 (8.1) 49 (5.1) 691 (22.1) 37 (13.3) 2429 (36.3) N/A
Excellent/very 
good health

1,949 (40.4) 1,343 (44.1) 870 (45.7) 591 (62.6) 2,776 (88.9) 134 (48.0) 5,428 (81.0) 8,536 (82.5)

Notes: HEPESE = Hispanic Established Populations Epidemiologic Study of the Elderly; MrOS = Osteoporotic Fractures in Men; PEP = Predicting Elderly Per-
formance; SOF = Study of Osteoporotic Fracture.

 by guest on D
ecem

ber 16, 2015
http://biom

edgerontology.oxfordjournals.org/
D

ow
nloaded from

 

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glv126/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glv126/-/DC1
http://biomedgerontology.oxfordjournals.org/


66 Journals of Gerontology: MEDICAL SCIENCES, 2016, Vol. 71, No. 1

Results on Disability Alone
In pooled analyses that separated death and missing data from dis-
ability outcomes, the overall risk per 0.1 m/s faster gait for bathing 
or dressing dependence decreased 32% in men and 26% in women, 
while the risk of mobility difficulty decreased 26% in men and 
27% in women (Table 3). When assessed by 0.2 m/s gait speed cat-
egories, with a reference group of 0.8–1.0 m/s, risk ratios for bath-
ing or dressing dependence ranged from 5.89 in men and 6.29 in 
women among the slowest walkers (<0.4 m/s) to 0.44 in men and 
0.69 in women among the faster walkers (1.2–1.4 m/s).(Table 3). 
For mobility difficulty in men, relative risk ratios ranged from 3.80 
in the slowest to 0.22 in fastest walkers; in women, 4.75 for the 
slowest to 0.31 for the fastest (Table 3). Table 3 also confirms that 
both missing data and death are also related to gait speed. As a 
sensitivity analysis, we used multiple imputation. We found highly 
consistent effects with even greater range in the estimates of risk 
of both bathing or dressing dependence and mobility difficulty. For 
example, in men the risk of bathing or dressing disability ranged 
from 18.5 in the slowest walkers to 0.34 in the faster walkers 
(Supplementary Table 2).

Results on Combined Disability and Death
The overall risk of death within 4  years (designed to encompass a 
1-year window for a 3-year follow-up visit) decreased from 18% 
to 24% per 0.1 m/s faster gait speed (Table 3). When missing data 
were excluded, the risk of bathing or dressing disability or death 
decreased 20% for each 0.1 m/s greater gait speed in both men and 
women, while mobility difficulty risk decreased 21% in men and 24% 

in women. While assessed by 0.2 m/s gait speed categories, risk of 
bathing or dressing dependence or death in men ranged from 3.67 
among the slowest walkers to 0.47 in the fastest and from 3.62 to 
0.43 in women. For mobility difficulty or death, risk in men ranged 
from 3.14 to 0.28 and in women, from 3.39 to 0.30 (Supplementary 
Table  3). Effects were highly consistent using multiple imputation 
(Supplementary Table 4).

Subgroup Analyses
When assessed for consistency within subgroups such as sex, 

age, race, body mass index, prior hospitalization, chronic dis-
eases, or self-reported health strata, odds ratios for disability 
risk were also consistent as indicated by overlap in confidence 
intervals (Supplementary Table 5). The sole exception was that, 
while still significant, the association between gait speed and 
incident mobility difficulty among Hispanics was significantly 
less in magnitude compared to Whites (odds ratio = 0.84 vs 0.70; 
p < .0001).

Prediction
To assess the marginal gain attributable to gait speed in pre-

dictive accuracy for disability, we calculated AUROCs using multi-
ple imputation (Table 4). For bathing or dressing dependence, gait 
speed adds to accuracy after accounting for age, gender, body mass 
index, systolic blood pressure, prior hospitalization, arthritis, can-
cer, diabetes, and heart disease (AUROC increase 0.027, p < .05). 
The effect is even greater for mobility difficulty, with an AUROC 

Table 2. Disability Rates and Numbers at Risk for Analysis: N (%)

CHS
N = 4,834

Health
ABC

N = 3,048

HEPESE
N = 1,905

InCHIANTI
N = 972

MrOS
N = 3,132

PEP
N = 279

SOF
Bathe/Dress 
Dependence
N = 6,704

SOF
Mobility 
Difficulty
N = 10,349

Bathing/dressing: 
Independent at 
baseline

4,815 (99.6) 2,824 (92.7) 1,829 (96.0) 881 (90.6) N/A 260 (93.2) 6,538 (97.5) N/A

Dependent at baseline 16 (0.3) 7 (0.2) 73 (3.8) 91 (9.4) N/A 19 (6.8) 148 (2.2) N/A
Unknown at baseline 3 (0.1) 217 (7.1) 3 (0.2) 0 (0.0) N/A 0 (0.0) 18 (0.3) N/A
  Independent after 

3 years
3,933 (81.7) 2,420 (85.7) 1,326 (72.5) 678 (77.0) N/A 254 (97.7) 5,930 (90.7) N/A

  Dependent after 
3 years

24 (0.5) 50 (1.8) 189 (10.3) 74 (8.4) N/A 6 (2.3) 112 (1.7) N/A

  Death within 
4 years

395 (8.2) 195 (6.9) 201 (11.0) 51 (5.8) N/A 0 (0.0) 311 (4.8) N/A

  Unknown status 
due to other reason

463 (9.2) 159 (5.6) 113 (6.2) 78 (8.9) N/A 0 (0.0) 185 (2.8) N/A

Mobility difficulty:
None at baseline 4,584 (94.8) 2,829 (92.8) 1,441 (75.6) 381 (39.2) 2,815 (89.9) 165 (59.1) N/A 9,453 (91.3) 
Difficulty at baseline 204 (4.2) 6 (0.2) 433 (22.7) 244 (25.1) 313 (10.0) 114 (40.9) N/A 242 (2.3) 
Unknown at baseline 46 (1.0) 213 (7.0) 31 (1.6) 347 (35.7) 4 (0.1) 0 (0.0) N/A 655 (6.3)
  No difficulty after 

3 years
3,585 (78.2) 1,717 (60.7) 924 (64.3) 145 (38.1) 2,531 (89.9) 128 (77.6) N/A 6,551 (69.3)

  Difficulty after 
3 years

154 (3.4) 695 (24.6) 264 (18.3) 106 (27.8) 282 (10.0) 37 (22.4) N/A 2,095 (22.2)

  Death within 
4 years

362 (7.9) 197 (7.0) 139 (9.7) 20 (5.3) 0 (0.0) 0 (0.0) N/A 322 (3.4)

  Unknown status 
due to other reason

483 (10.5) 220 (7.8) 112 (7.8) 110 (28.9) 2 (0.1) 0 (0.0) N/A 485 (5.1)

Notes: HEPESE  =  Hispanic Established Populations Epidemiologic Study of the Elderly; MrOS  =  Osteoporotic Fractures in Men; PEP  =  Predicting Elderly  
Performance; SOF = Study of Osteoporotic Fracture.
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increase of 0.053 (p < .01). Nomograms for predicting absolute risk 
(interpreted as a probability) simply by gender, age, and gait speed 
are in Figures 1 and 2 for disability and Supplementary Figure 1A 
and B for disability or death.

Discussion

In community-dwelling older adults, gait speed is strongly and con-
sistently associated with incident disability in a clearly graded fash-
ion, with little evidence of a threshold. Whether defined as self-care 
dependence in bathing or dressing or as mobility difficulty; or whether 
considered alone or in combination with mortality, gait speed shows 
a continuous trend in risk across the range of performance. This 
relationship persists across age, gender, race/ethnicity, body mass 

index, self-reported health, prior hospitalization, and chronic condi-
tion subgroups. Gait speed adds substantially to predictive accuracy 
over other predictors. The overall estimated magnitude of risk ratios 
appear to indicate that the association with disability within 3 years 
might be even greater (~30% risk reduction per 0.1 m/s) than with 
death within 4 years (18%–24% risk reduction).

Disability is known to be predictable by physical performance 
measures (1,7–12,32–34). Prior studies varied in definitions of disabil-
ity, length of follow-up, handling of missing outcomes, and adjustment 
for other factors, which are known to include age, obesity, recent hos-
pitalization, cognitive impairment, and selected chronic conditions (2).

This study has multiple strengths. By pooling data, we increased 
precision, provided absolute rates of disability in nomograms, evalu-
ated subgroup effects, and expanded generalizability to a broader 
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Figure 1. Nomograms for incident bathing/dressing dependence for men (A) and women (B). Full color version is available within the online issue.
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Table 4. Area Under the ROC Curve for Predicting 3-Year Incident Disability Without and With Gait Speed After Multiple Imputation

Other Predictors in Model Bathing/Dressing Dependence Mobility Difficulty

Without With Gain Without With Gain

None — 0.724 — — 0.695 —
Age 0.656 0.743 0.068*** 0.618 0.712 0.088***
Age, gender 0.679 0.752 0.063*** 0.634 0.718 0.077***
Age, gender, diseases 0.753 0.786 0.030** 0.683 0.742 0.054***
Age, gender, diseases, BMI, systolic 
blood pressure, hospitalization

0.764 0.797 0.027** 0.711 0.754 0.038***

Notes: Diseases include self-reported diabetes, arthritis, cancer, and heart disease. BMI = body mass index linear and squared terms.
**p < .05, ***p < .01.
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Figure 2. Nomograms for incident mobility difficulty for men (A) and women (B). Full color version is available within the online issue.
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population. We identified consistent indicators of disability from the 
many used by individual studies, allowing for a more specific char-
acterization of disability states into more serious (self-care depend-
ence) and more common (mobility difficulty) states. We assessed 
effects of missing data and developed a combined indicator of dis-
ability or death. We had sufficient sample size to examine important 
subgroups, identify multiple cofactors, and use them to evaluate the 
contribution of gait speed to future risk independent of demograph-
ics, disease history, and key clinical measures.

This study also has limitations. In order to obtain consistency 
among studies, we were limited to a 3-year timeframe, with no inter-
mediate assessments. A longer follow-up might have detected cumu-
latively higher rates of disability. In addition, because disability can 
be transient, more frequent interim monitoring might have detected 
more outcomes and allowed a more formal time-to-disability analy-
sis with mortality as the competing risk (17,18). Due to the diversity 
of functional status questionnaire items, we were limited in the num-
ber of functional tasks that could be pooled. A highly important con-
tributor to disability, cognitive status, could not be included in our 
analyses because there were no shared measures of cognition across 
studies. For those with missing follow-up data, we lack information 
other than accounting for death, and we know that loss to follow-up 
can be informative and influence findings. While there appears to be 
a strong gradient of risk ratios with no threshold effects across the 
full range of performance, the small sample size and low disability 
rates at very high gait speed categories limit our ability to evaluate 
for a threshold at the top end of performance.

Functional status and independence are important global indica-
tors of well-being and are forms of “universal” outcomes (35,36). 
Physical performance measures such as gait speed might be used to 
guide clinical care for older adults or to develop and test interven-
tions to prolong functional independence without waiting many 
years for rare outcomes such as activities of daily living disability 
(21). While direct assessments of self-reported function are attractive, 
current measures are heterogeneous and subject to challenges such as 
differences in gender roles and accuracy of reporting. Computerized 
adaptive testing that presents survey items tailored to individual sta-
tus can reduce assessment burden and increase precision (37,38). 
However, self-reported function will still have limitations, including 
how to characterize activities that an individual does not perform, 
what is meant by “needing help” and reluctance to admit limitations 
(2). As such, objective indicators such as physical performance are 
complementary and informative at times when self-report is not (39).

Because self-care dependence often develops insidiously over 
years, markers such as gait speed might be used as feasible and repro-
ducible “clinical vital signs” reflecting progression on the pathway to 
disability (40). Slow gait speed as a recognized clinical state could be 
used as guide for comprehensive care planning and as an outcome 
in clinical trials (13). Alternatively, an improvement in gait speed 
(for therapeutic interventions) or a delay in decline (for preventive 
interventions) might be useful as endpoints in intervention devel-
opment and implementation (41). Performance measures can even 
be used in animal models to develop novel agents that might pro-
long functional independence and “healthspan” (42). Geroscience, a 
relatively new term that captures the potential for shared biological 
mechanisms underlying aging and disease, advocates for assessing 
performance of the whole animal, in addition to individual cellular 
and organ systems. The concept of “healthspan” reflects this desire 
to integrate function and survival (43).

Finally, in a large, broad and diverse sample, we show that gait 
speed is a simple, clinically feasible independent indicator of risk 
of future disability. Physical performance measures, including gait 

speed, may serve as examples of universal outcomes to monitor 
health and function, evaluate novel interventions, and test innova-
tions in the organization of health care.

Supplementary Material

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

Funding

The pooling of data from individual studies was supported by Pittsburgh 
Claude D. Pepper Older Americans Independence Center (NIA P30 
AG024827) and a contract from Merck Research Laboratories. 
This research was supported by National Institute on Aging (NIA) 
Contracts N01-AG-6-2101; N01-AG-6-2103; N01-AG-6-2106; 
NIA grant R01-AG028050 and NINR grant R01-NR012459. This 
research was also supported in part by the Intramural Research 
Program of the NIH, National Institute on Aging.

This research was supported by contracts HHSN268201200036C, 
HHSN268200800007C, N01HC55222, N01HC85079, N01HC85080, 
N01HC85081, N01HC85082, N01HC85083, N01HC85086, and grant 
U01HL080295 from the National Heart, Lung, and Blood Institute 
(NHLBI), with additional contribution from the National Institute of 
Neurological Disorders and Stroke (NINDS). Additional support was 
provided by R01AG023629 from the National Institute on Aging (NIA). 
A full list of principal CHS investigators and institutions can be found at 
CHS-NHLBI.org.

The Osteoporotic Fractures in Men (MrOS) study is supported by 
National Institutes of Health funding. The following institutes provide 
support: the National Institute on Aging (NIA), the National Institute of 
Arthritis and Musculoskeletal and Skin Diseases (NIAMS), the National 
Center for Advancing Translational Sciences (NCATS), and NIH Roadmap 
for Medical Research under the following grant numbers: U01 AG027810, 
U01 AG042124, U01 AG042139, U01 AG042140, U01 AG042143, U01 
AG042145, U01 AG042168, U01 AR066160, and UL1 TR000128.

The Study of Osteoporotic Fractures (SOF) is supported by National 
Institutes of Health funding. The National Institute on Aging (NIA) 
provides support under the following grant numbers: R01 AG005407, 
R01 AR35582, R01 AR35583, R01 AR35584, R01 AG005394, R01 
AG027574, and R01 AG027576.

The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institutes of Health.

C.G.L.  receives support from a VA Clinical Science Research 
and Development Career Development Award, Project number 
5IK2CW000729-02.

Conflict of Interest

S.P. receives support from an unrelated grant to University of 
Pittsburgh from Eli Lilly.  K.E. serves as a consultant on a Data 
Monitoring Committee for Merck Sharpe & Dohme. E.O. receives 
research support and is a consultant for Merck and Lilly.

References
 1. Abellan van Kan G, Rolland Y, Andrieu S, et al. Gait speed at usual pace as a 

predictor of adverse outcomes in community-dwelling older people an Inter-
national Academy on Nutrition and Aging (IANA) Task Force. J Nutr Health 
Aging. 2009;13:881–889. doi:10.1146/annurev.pu.17.050196.000325

 2. Guralnik JM, Fried LP, Salive ME. Disability as a public health outcome in 
the aging population. Annu Rev Public Health. 1996;17:25–46.

 3. Katz S, Branch LG, Branson MH, Papsidero JA, Beck JC, Greer DS. 
Active life expectancy. N Engl J Med. 1983;309:1218–1224. doi:10.1056/
NEJM198311173092005

 by guest on D
ecem

ber 16, 2015
http://biom

edgerontology.oxfordjournals.org/
D

ow
nloaded from

 

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glv126/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glv126/-/DC1
http://biomedgerontology.oxfordjournals.org/


Journals of Gerontology: MEDICAL SCIENCES, 2016, Vol. 71, No. 1 71

 4. Pahor M, Guralnik JM, Ambrosius WT, et al. Effect of structured physical 
activity on prevention of major mobility disability in older adults: the LIFE 
study randomized clinical trial. JAMA. 2014. doi:10.1001/jama.2014.5616

 5. Boult C, Green AF, Boult LB, Pacala JT, Snyder C, Leff B. Successful models 
of comprehensive care for older adults with chronic conditions: evidence 
for the Institute of Medicine’s “retooling for an aging America” report. J Am 

Geriatr Soc. 2009;57:2328–2337. doi:10.1111/j.1532-5415.2009.02571.x
 6. Studenski S. Improving care for community dwelling frail elders through 

patient and provider engagement. J Nutr Health Aging. 2014;18:455–456. 
doi:10.1007/s12603-014-0458-8

 7. Gill TM. Assessment of function and disability in longitudinal studies. 
J Am Geriatr Soc. 2010;58(suppl 2):S308–S312. doi:10.1111/j.1532-
5415.2010.02914.x

 8. Gill TM, Gahbauer EA, Murphy TE, Han L, Allore HG. Risk factors and 
precipitants of long-term disability in community mobility: a cohort study 
of older persons. Ann Intern Med. 2012;156:131–140. doi:10.7326/0003-
4819-156-2-201201170-00009

 9. den Ouden ME, Schuurmans MJ, Arts IE, van der Schouw YT. Physical per-
formance characteristics related to disability in older persons: a systematic 
review. Maturitas. 2011;69:208–219. doi:10.1016/j.maturitas.2011.04.008

 10. Gobbens RJ, van Assen MA. The prediction of ADL and IADL dis-
ability using six physical indicators of frailty: a longitudinal study 
in the Netherlands. Curr Gerontol Geriatr Res. 2014;2014:358137. 
doi:10.1155/2014/358137

 11. Vermeulen J, Neyens JC, van Rossum E, Spreeuwenberg MD, de Witte 
LP. Predicting ADL disability in community-dwelling elderly people using 
physical frailty indicators: a systematic review. BMC Geriatr. 2011;11:33. 
doi:10.1186/1471-2318-11-33

 12. Guralnik JM, Ferrucci L, Pieper CF, et  al. Lower extremity function 
and subsequent disability: consistency across studies, predictive models, 
and value of gait speed alone compared with the short physical perfor-
mance battery. J Gerontol A  Biol Sci Med Sci. 2000;55:M221–M231. 
doi:10.1093/gerona/55.4.M221

 13. Cummings SR, Studenski S, Ferrucci L. A diagnosis of dismobility–giving 
mobility clinical visibility: a Mobility Working Group recommendation. 
JAMA. 2014;311:2061–2062. doi:10.1001/jama.2014.3033

 14. Studenski S, Perera S, Patel K, et al. Gait speed and survival in older adults. 
JAMA. 2011;305:50–58. doi:10.1001/jama.2010.1923

 15. Jette AM. How measurement techniques influence estimates of disability 
in older populations. Soc Sci Med. 1994;38:937–942.

 16. Gill TM, Robison JT, Tinetti ME. Difficulty and dependence: two components 
of the disability continuum among community-living older persons. Ann Intern 

Med. 1998;128:96–101. doi:10.7326/0003-4819-128-2-199801150-00004
 17. Hardy SE, Gill TM. Recovery from disability among community-dwelling 

older persons. JAMA. 2004;291:1596–1602. doi:10.1001/jama.291.13.1596
 18. Perera S, Studenski S, Guralnik JM. Effect of transient and persistent func-

tional decline on survival in community-dwelling elders. J Am Geriatr Soc. 
2003; 51(4):S207. doi:10.1093/gerona/60.7.894

 19. Hardy SE, Allore H, Studenski SA. Missing data: a special challenge in 
aging research. J Am Geriatr Soc. 2009;57:722–729. doi:10.1111/j.1532-
5415.2008.02168.x

 20. Markides KS, Stroup-Benham C, Black S, Satis S, Perkowski L, Ostir G. 
The health of Mexican American Elderly: selected findings from the His-
panic EPESE. In: Wykle ML, Ford, A., eds. Serving Minority Elders in the 

21st Century. New York, NY: Springer; 1999:72–90.
 21. Studenski S, Perera S, Wallace D, et  al. Physical performance measures 

in the clinical setting. J Am Geriatr Soc. 2003;51:314–322. doi:10.1046/
j.1532-5415.2003.51104.x

 22. Visser M, Deeg DJ, Lips P, Harris TB, Bouter LM. Skeletal mus-
cle mass and muscle strength in relation to lower-extremity perfor-
mance in older men and women. J Am Geriatr Soc. 2000;48:381–386. 
doi:10.1111/j.1532-5415.2000.tb04694.x

 23. Cummings SR, Black DM, Nevitt MC, et  al. Appendicular bone den-
sity and age predict hip fracture in women. The Study of Osteoporotic 
Fractures Research Group. JAMA. 1990;263:665–668. doi:10.1001/
jama.1990.03440050059033

 24. Ferrucci L, Bandinelli S, Benvenuti E, et al. Subsystems contributing to the 

decline in ability to walk: bridging the gap between epidemiology and geri-

atric practice in the InCHIANTI study. J Am Geriatr Soc. 2000;48:1618–

1625. doi:10.1111/j.1532-5415.2000.tb03873.x

 25. Orwoll E, Blank JB, Barrett-Connor E, et al. Design and baseline charac-

teristics of the osteoporotic fractures in men (MrOS) study–a large obser-

vational study of the determinants of fracture in older men. Contemp Clin 

Trials. 2005;26:569–585. doi:10.1016/j.cct.2005.05.006

 26. Blank JB, Cawthon PM, Carrion-Petersen ML, et al. Overview of recruit-

ment for the osteoporotic fractures in men study (MrOS). Contemp Clin 

Trials. 2005;26:557–568. doi:10.1016/j.cct.2005.05.005

 27. Fried LP, Borhani NO, Enright P, et  al. The Cardiovascular Health 

Study: design and rationale. Ann Epidemiol. 1991;1:263–276. 

doi:10.1016/1047-2797(91)90005-W

 28. Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York, 

NY: Wiley; 1987.

 29. Hosmer DW, Lemeshow S. Applied Logistic Regression. New York, NY: 

Wiley; 2000.

 30. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Tri-

als. 1986;7:177–188. doi:10.1016/0197-2456(86)90046-2

 31. Sutton AJ, Abrams KR, Jones DR, Sheldon TA, Song F. Methods for Meta-

Analysis in Medical Research. New York, NY: Wiley; 2000.

 32. Hoeymans N, Feskens EJ, van den Bos GA, Kromhout D. Measuring 

functional status: cross-sectional and longitudinal associations between 

performance and self-report (Zutphen Elderly Study 1990-1993). J Clin 

Epidemiol. 1996;49:1103–1110. doi:10.1016/0895-4356(96)00210-7

 33. Idland G, Pettersen R, Avlund K, Bergland A. Physical performance as 

long-term predictor of onset of activities of daily living (ADL) disability: a 

9-year longitudinal study among community-dwelling older women. Arch 

Gerontol Geriatr. 2013;56:501–506. doi:10.1016/j.archger.2012.12.005

 34. Shinkai S, Watanabe S, Kumagai S, et al. Walking speed as a good predic-

tor for the onset of functional dependence in a Japanese rural community 

population. Age Ageing. 2000;29:441–446. doi:10.1093/ageing/29.5.441

 35. Tinetti ME, Studenski SA. Comparative effectiveness research 

and patients with multiple chronic conditions. N Engl J Med. 

2011;364:2478–2481. doi:10.1056/NEJMp1100535

 36. Savo A, Maiorano PM, Onder G, Bernabei R. Pharmacoepidemiology and 

disability in older adults: can medications slow the age-related decline 

in physical function? Expert Opin Pharmacother. 2004;5:407–413. 

doi:10.1517/14656566.5.2.407 

 37. Fieo RA, Austin EJ, Starr JM, Deary IJ. Calibrating ADL-IADL scales 

to improve measurement accuracy and to extend the disability con-

struct into the preclinical range: a systematic review. BMC Geriatr. 

2011;11:42. doi:10.1186/1471-2318-11-42

 38. McDonough CM, Tian F, Ni P, et al. Development of the computer-adap-

tive version of the Late-Life Function and Disability Instrument. J Geron-

tol A Biol Sci Med Sci. 2012;67:1427–1438. doi:10.1093/gerona/gls108

 39. Reuben DB, Siu AL, Kimpau S. The predictive validity of self-report 

and performance-based measures of function and health. J Gerontol. 

1992;47:M106–M110. doi:10.1093/geronj/47.4.M106

 40. Woolley DC, Studenski S, Perera S, Rogers N. Feasibility and reproduc-

ibility of walking speed as a geriatric vital sign in community practice. J 

Am Geriatr Soc. 2004;52(suppl 1):S195.

 41. Perera S, Studenski S, Newman A, et al. Are estimates of meaningful 

decline in mobility performance consistent among clinically impor-

tant subgroups? (Health ABC Study). J Gerontol A Biol Sci Med Sci. 

2014;69:1260–1268. doi:10.1093/gerona/glu033 

 42. Kirkland JL. Translating advances from the basic biology of aging 

into clinical application. Exp Gerontol. 2013;48:1–5. doi:10.1016/j.

exger.2012.11.014

 43. Burch JB, Augustine AD, Frieden LA, et  al. Advances in geroscience: 

impact on healthspan and chronic disease. J Gerontol A Biol Sci Med Sci. 

2014;69(suppl 1):S1–S3. doi:10.1093/gerona/glu041

 by guest on D
ecem

ber 16, 2015
http://biom

edgerontology.oxfordjournals.org/
D

ow
nloaded from

 

http://biomedgerontology.oxfordjournals.org/

