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Background. Onset of disability, risk for future falls, frailty, functional decline,
and mortality are strongly associated with a walking speed of less than 1.0 m/s.

Objective. The study objective was to determine whether there were differences
in slow walking speed (�1.0 m/s) between community-dwelling African American
and white American adult women with osteoarthritis symptoms. An additional aim
was to examine whether racial differences in walking speed can be attributed to age,
obesity, socioeconomic factors, disease severity, or comorbidities.

Design. A cross-sectional design was used.

Methods. Community-dwelling adults were recruited from Baltimore, Maryland;
Columbus, Ohio; Pittsburgh, Pennsylvania; and Pawtucket, Rhode Island. Participants
were 2,648 women (23% African American) who were 45 to 79 years of age and had
a self-selected baseline walking speed of 20 m/s in the Osteoarthritis Initiative Study.
Mixed-effects logistic regression models were used to examine racial differences in
walking speed (�1.0 m/s versus �1.0 m/s), with adjustments for demographic
factors, socioeconomic factors, disease severity, and comorbidities.

Results. Walking speed was significantly slower for African American women than
for white American women (mean walking speed�1.19 and 1.33 m/s, respectively).
The prevalence of a walking speed of less than 1.0 m/s in this cohort of middle-aged
women was 9%; about 50% of the women with a walking speed of less than 1.0 m/s
were younger than 65 years. Women with a walking speed of less than 1.0 m/s had
lower values for socioeconomic factors, higher values for disease severity, and higher
prevalences of obesity and comorbidities than those with a walking speed of �1.0
m/s. After controlling for these covariates, it was found that African American women
were 3 times (odds ratio�2.9; 95% confidence interval�2.0, 4.1) more likely to have
a walking speed of less than 1.0 m/s than white American women.

Limitations. The study design made it impossible to know whether a walking
speed of less than 1.0 m/s in women who were 45 years of age or older was a
predictor of future poor health outcomes.

Conclusions. In this study, race was independently associated with a walking
speed of less than 1.0 m/s in community-dwelling women who had or were at risk
for osteoarthritis, with African American women having 3 times the risk for slow
walking as white American women. This finding suggests that middle-aged African
American women have an increased risk for poor health outcomes. Further longitu-
dinal evaluations are needed to confirm the long-term health outcomes in a middle-
aged population and to establish walking speed as a useful tool for identifying
middle-aged women at high risk for poor health outcomes.
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Knee osteoarthritis (OA) is a pro-
gressive chronic disease, affects
over 9 million adults in the

United States,1 and is a leading cause
of disability among adults who are
not living in institutions.2 Women
who are 55 to 64 years old and are
obese have the highest risk for a new
knee OA diagnosis.3 African Ameri-
can women have more than twice
the prevalence of knee OA as white
American women (23.1% versus
8.5%, respectively).4 Compared with
men, women have more debilitating
knee pain and disability,5,6 and,
although women are twice as likely
to need joint replacement surgery,
they are 3 times less likely to receive
it.7 Because women are more likely
to present with advanced knee OA,
greater disability, and delayed treat-
ment, it is important to identify the
onset of disease and disability early
to reduce disease progression and
health-related disparities and to
improve health outcomes for
women with OA.

Walking speed is a simple, clinical
indicator that can reliably evaluate
health and functional status in older
adults.8 Walking speed is consistent
from 20 to 60 years of age and then
declines.9 In women, the normal
walking speed ranges from 1.30 to
1.40 m/s at 40 to 69 years of age and
declines to 1.06 to 1.13 m/s by 70 to
79 years of age.9–11 Older adults with
walking speeds of less than 1.0 m/s
are considered to be at risk for poor
health outcomes (ie, frailty, disabil-
ity, increased risk for future falls, and
mortality).12–17

It is well established that women
walk more slowly than men.18–21

Preliminary evidence suggests that
race differences in walking speed
also exist.22–24 In a cohort of African
American and white American
women who were middle-aged
(mean age�46.9 years), 12% of the
population walked more slowly than
1.0 m/s, a walking speed considered

to be normal for a woman 3 decades
older than the mean age in the
study.25 Blanco et al22 found that
older African American adults
walked significantly more slowly
than older white American adults. In
another study of people with knee
OA, African American men and
women walked more slowly than
white American men and women,
although disease severity (radio-
graphic evidence of OA) did not dif-
fer between the races.24 Other stud-
ies evaluating older adults have
related differences in African Ameri-
can and white American populations
to socioeconomic status,26,27 disabil-
ity,28 and frailty,29 highlighting the
importance of these factors. The
evaluation of factors (eg, socioeco-
nomic status, disability, and frailty)
that may influence walking speed in
middle-aged African American and
white American adults remains an
area for further investigation.

Racial and ethnic differences in
health outcomes exist.30 Determin-
ing whether these differences are
true differences or are due to cul-
tural differences has been poorly
explored.31,32 Recent efforts by
the National Quality Forum intro-
duced the concept of disparity-
sensitive measurement to effectively
evaluate health-related disparities.33

The National Quality Forum defined
disparity-sensitive measures as those
“that serve to detect not only differ-
ences in quality across institutions or
in relation to certain benchmarks,
but also differences in quality among
populations or social groupings
(race/ethnicity, language, etc).”33

Disparity-sensitive measurement has
not been applied to health outcomes
but represents an improved cultural
measurement method that may lead
to more accurate identification of
health-related disparities—which is
important if these disparities are to
be reduced.34 Measurement tools,
such as walking speed, must be eval-
uated in different races and cultures

to accurately assess health out-
comes.31,32,34 The evaluation of walk-
ing speed in people with knee OA
may be a method for identifying
those at risk for poor health out-
comes and confirming that the
observed differences in health out-
comes are true differences and not a
reflection of cultural norms, beliefs,
and values.34

The purpose of this study was to
determine whether there were dif-
ferences in slow walking speed
(�1.0 m/s) between community-
dwelling African American and
white American adult women with
OA symptoms. An additional aim was
to examine whether racial differ-
ences in walking speed can be
attributed to age, obesity, socioeco-
nomic factors, disease severity, or
comorbidities.

Method
Data Source
The Osteoarthritis Initiative (OAI) is
a longitudinal, multicenter public-
private partnership, observational
study of knee OA in men and women
who were 45 to 79 years of age,
were enrolled between February
2004 and May 2006, and who either
had or were at risk for developing
knee OA (N�4,796). Participants
were recruited from Baltimore,
Maryland; Columbus, Ohio; Pitts-
burgh, Pennsylvania; and Pawtucket,
Rhode Island. Recruitment focused
on 2 subcohorts (progression and
incidence). The progression subco-
hort (n�1,390) included people
who had prevalent symptoms of OA
in one or both knees, frequent pain
(pain on most days of a month in the
preceding year), or definite osteo-
phytes in the same knee. The
incidence subcohort (n�3,284)
included people who were at risk for
developing symptomatic knee OA,
defined as having one or more of the
following risk factors: frequent knee
pain without radiographic evidence
of OA, radiographic evidence of OA
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without frequent pain, infrequent
knee pain, overweight for age and
sex, history of knee injury/surgery,
family history of knee replacement,
Heberden nodes, or age of 70 to
79 years. People with inflammatory
or rheumatoid arthritis, bilateral
end-stage knee OA (defined as radio-
graphically evident Kellgren-
Lawrence [K/L] grade 4), or bilateral
total knee replacement were
excluded.

Data used in the preparation of this
article were obtained from the OAI
database, which is available for
public access at http://www.oai.
ucsf.edu/. Because of the differences
in advanced knee OA between men
and women, only women in both the
progression and incidence subco-
horts for whom baseline walking
speed data were available were
included in the present study
(n�2,648).

Outcome Measures
Walking speed was the average of 2
timed 20-m walk tests of “usual walk-
ing” performed at baseline. Using a
standardized protocol, certified site
assessors adjudicated the timed 20-m
walk tests for the OAI study. The
20-m test has norm-based values for
adults older than 18 years. Calcu-
lated in meters per second, a poor
health outcome was defined as a
walking speed of less than 1.0
m/s.8,12–14 The primary outcome
variable was whether a participant
had a walking speed of less than 1.0
m/s compared with a walking speed
of �1.0 m/s.

The explanatory variables that were
considered for the model were
categorized as demographic, socio-
economic, disease severity, and
comorbidity. Demographic variables
included age categories (�55,
55–64, 65–74, and 75–80 years),
race/ethnicity (African American or
white American), body mass index
(BMI) by group (healthy weight and

underweight: BMI of less than 24.9
kg/m2; overweight: BMI of 25.0–
29.9 kg/m2; obese: BMI of �30.0
kg/m2). One of the socioeconomic
factors was medical care access (yes/
no), defined by the following ques-
tion in the OAI database: “Do you
currently have any kind of health
care coverage? This would include
private health insurance (such as
Blue Cross), prepaid plans (such as
HMOs [health maintenance organiza-
tions], PPOs [preferred provider
organizations], or any government-
sponsored plans (such as Medicare,
Medicaid, or VA coverage).” Other
socioeconomic factors were level of
education (high school and less/
more than high school) and annual
income (�$50,000/�$50,000),
defined by the following statement:
“The following question refers to
your personal family income for the
last year, including all sources, such
as wages, salaries, Social Security or
retirement benefits, help from rela-
tives, and rent from property.”

Clinical and radiological discordance
exists in the diagnostic criteria for
OA.35 Both radiological and clinical
symptoms are included to determine
radiological and symptom severity.
The baseline K/L grade was used to
report radiographically evident knee
OA severity. Although a K/L grade of
less than 2 usually is defined as “nor-
mal,” the OAI uses comprehensive
admission criteria for participation
and defines a K/L grade of less than 2
as “mild” knee OA.36 For radiological
severity in the present study, a K/L
grade of �2 was defined as “mild/
moderate” knee OA, and a K/L grade
of greater than 2 was defined as
“severe” knee OA. Clinical severity
was based on participant-reported
knee pain in the preceding 30 days
and 12 months. Participants report-
ing either “no pain in past 12
months” or “pain in past 12 months
that did not occur on most days of
month” were categorized as having
no knee pain, and those categorized

as having knee pain were partici-
pants reporting “pain most days of a
month in past 12 months.”

Comorbidities included back pain
(the presence of any back pain in the
preceding 30 days [yes/no]), diabe-
tes (yes/no), cancer (yes/no), heart
failure (yes/no), hypertension (yes/
no) (hypertension was defined as
systolic blood pressure of 140–159
mm Hg or diastolic blood pressure of
90–99 mm Hg, and not having
hypertension was defined as normal
blood pressure [systolic blood pres-
sure of �120 mm Hg or diastolic
blood pressure of �80 mm Hg] or
prehypertension blood pressure
[systolic blood pressure of 120–139
mm Hg or diastolic blood pressure of
80–89 mm Hg]), rheumatoid arthri-
tis (yes/no), stroke (yes/no), ulcer
(yes/no), asthma (yes/no), lung dis-
ease (yes/no), and depression mea-
sured with the Center for Epidemio-
logic Studies Depression Scale (CES-
D). The CES-D is a 20-item measure
rating depression symptoms over the
preceding week. Cutoff scores of
�16 have been reliably used to iden-
tify people at risk for depression.37

We categorized participants with a
CES-D score of less than 16 as having
no depression and those with a
CES-D score of �16 as having
depression. Because variations at
recruitment sites may have influ-
enced outcomes, recruitment sites
were given letter designations (A–E)
and treated as nominal variables in
the analysis.

Data Analysis
Descriptive analyses (frequency and
percentage) were performed to char-
acterize the explanatory variables by
race (African American or white
American) and primary outcome
(walking speed of �1.0 m/s or �1.0
m/s). Associations between walking
speed and the interaction variables
age and race, age and BMI, age and
recruitment site, race and BMI, and
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race and recruitment site were statis-
tically evaluated.

Missing values for each variable are
shown in Table 1. The variable rheu-
matoid arthritis had a high frequency
of missing values (16.3%) and few
positive responses (1.4%) in the
study population; therefore, it was
excluded from the analyses. On the
basis of the observed variables (age,
race, and walking speed), multiple
imputation38 (PROC MI procedure
with a fully conditional specification
method for class variables) was
used to manage the missing explan-
atory variable values (�6% imputed)
(Tab. 1). In the fully conditional
specification method, a separate con-
ditional distribution is used for each
imputed variable; the imputation
procedure is considered to be robust
for study data.39

Mixed-effects logistic regression
models, with the recruitment site as
a random effect, were used to esti-
mate the association between walk-
ing speed and race, given the follow-
ing model conditions (models 0–4):
model 0 included only race as
an explanatory variable; model 1
included all demographic variables
(race, age, and BMI); model 2
included model 1 and socioeco-
nomic factors (medical care access,
annual income, and education);
model 3 included model 2 and dis-
ease severity (knee OA and knee
pain); and model 4 included model 3
and comorbidity. The statistical sig-
nificance level was set at .05. All sta-
tistics were computed with SAS 9.4
(SAS Institute Inc, Cary, North
Carolina).

Role of the Funding Source
The data used in the preparation of
this article were obtained from the
OAI database. The OAI is a public-
private partnership comprising 5
contracts (N01-AR-2-2258, N01-AR-2-
2259, N01-AR-2-2260, N01-AR-2-
2261, and N01-AR-2-2262) funded by

the National Institutes of Health, a
branch of the US Department of
Health and Human Services, and con-
ducted by the OAI study investiga-
tors. Private funding partners
include Merck Research Laborato-
ries, Novartis Pharmaceuticals Cor-
poration, GlaxoSmithKline, and
Pfizer Inc. Private sector funding for
the OAI is managed by the Founda-
tion for the National Institutes of
Health. This manuscript was pre-
pared using an OAI public use data
set and does not necessarily reflect
the opinions or views of the OAI
investigators, the NIH, or the private
funding partners.

Results
A total of 2,648 women (23% African
American) ranging in age from 45 to
79 years were included in the pres-
ent study (Tab. 1). The mean walk-
ing speed was significantly (P�.001)
slower for African American women
(1.19 m/s) than for white American
women (1.33 m/s), despite African
American women being significantly
younger than white American
women (mean ages: 59.0 years
[SD�8.0 years] and 62.4 years
[SD�9.1 years], respectively).

A total of 9% (n�236) of the middle-
aged women (n�2,648) had a walk-
ing speed of less than 1.0 m/s. Of
these, approximately half were
younger than 65 years, approxi-
mately half were African American,
and the majority (60%) were consid-
ered obese. Furthermore, those with
a walking speed of less than 1.0 m/s
had lower levels of education,
annual income, and medical care
access; a higher level of knee OA
disease severity; and a higher fre-
quency of comorbidities than those
walking at speeds of �1.0 m/s.

Differences in comorbidities by race
suggested that, relative to white
American women, a higher propor-
tion of African American women
with or at risk for OA were managing

chronic conditions. The majority
(62%) of African American women
and one third (32%) of white Amer-
ican women were considered obese
(BMI �30 kg/m2). Diabetes, heart
failure, and hypertension were more
prevalent in African American
women than in white American
women.

Table 2 shows that the addition of
demographic, socioeconomic, dis-
ease severity, and comorbidity fac-
tors slightly attenuated the unad-
justed model (model 0) and that the
associations between race and a
walking speed of less than 1.0 m/s
were similar. The unadjusted results
(model 0) indicated that African
American women were 3.5 times
more likely to have a walking speed
of less than 1.0 m/s than white Amer-
ican women (odds ratio [OR]�3.47;
95% confidence interval [CI]�2.55,
4.71). When only age and BMI were
added to the model, the likelihood of
African American women walking
less than 1.0 m/s increased slightly
(OR�3.79; 95% CI�2.68, 5.37).
None of the interaction dyads (age
and race, age and BMI, age and
recruitment site, race and BMI, and
race and recruitment site) were
found to be significantly (P�.05)
associated with walking speed. After
controlling for demographic factors,
socioeconomic factors, and comor-
bidities, we found that African Amer-
ican women were 3 times more
likely to have a low walking speed
(�1.0 m/s) than white American
women (OR�2.83; 95% CI�1.96,
4.08) (Tab. 3).

Discussion
Among women who lived in the
community, were 45 years of age or
older, and had knee OA symptoms,
race was associated with being at
risk for a walking speed of less than
1.0 m/s. This association was inde-
pendent of numerous potential con-
founding variables, including age,
obesity, socioeconomic factors, dis-
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Table 1.
Descriptive Characteristics of the Participants

Variable for Model

Totala

(N�2,648)
African American

(n�596)
White American

(n�2,052)

Walking Speed

<1.0 m/s
(n�236)

>1.0 m/s
(n�2,412)

n % n % n % n % n %

Demographic

Age, y

45–54 701 26.5 209 35.1 492 24.0 42 17.8 659 27.3

55–64 912 34.4 235 39.4 677 33.0 74 31.4 838 34.7

65–74 807 30.5 134 22.5 673 32.8 69 29.2 738 30.6

75–80 228 8.6 18 3.0 210 10.2 51 21.6 177 7.3

Race

African American 596 22.5 117 49.6 479 19.9

White American 2,052 77.5 119 50.4 1,933 80.1

Body mass index (kg/m2)b

Healthy weight and underweight 718 27.1 59 9.9 659 32.1 37 15.7 681 28.2

Overweight 909 34.3 166 27.9 743 36.2 58 24.6 851 35.3

Obese 1,019 38.5 369 61.9 650 31.7 141 59.7 878 36.4

Missing 2 0.1 2 0.3 0 0.0 0 0.0 2 0.1

Site

A 438 16.5 243 40.8 195 9.5 71 30.1 367 15.2

B 623 23.5 10 1.7 613 29.9 38 16.1 585 24.3

C 661 25.0 71 11.9 590 28.8 34 14.4 627 26.0

D 598 22.6 109 18.3 489 23.8 46 19.5 552 22.9

E 328 12.4 163 27.3 165 8.0 47 19.9 281 11.7

Socioeconomic

Medical care access

Yes 2,533 95.7 524 87.9 2,009 97.9 210 89.0 2,323 96.3

No 91 3.4 57 9.6 34 1.7 22 9.3 69 2.9

Missing 24 0.9 15 2.5 9 0.4 4 1.7 20 0.8

Annual income

�$50,000 1,171 44.2 353 59.2 818 39.9 159 67.4 1,012 42.0

�$50,000 1,336 50.5 195 32.7 1,141 55.6 54 22.9 1,282 53.2

Missing 141 5.3 48 8.1 93 4.5 23 9.7 118 4.9

Education

High school and less 518 19.6 172 28.9 346 16.9 86 36.4 432 17.9

More than high school 2,111 79.7 412 69.1 1,699 82.8 146 61.9 1,965 81.5

Missing 19 0.7 12 2.0 7 0.3 4 1.7 15 0.6

Radiological severity (knee osteoarthritis)

Severe 1,524 57.6 367 61.6 1,157 56.4 171 72.5 1,353 56.1

Mild/moderate 1,112 42.0 225 37.8 887 43.2 62 26.3 1,050 43.5

Missing 12 0.5 4 0.7 8 0.4 3 1.3 9 0.4

Clinical severity (knee pain)

Yes 1,362 51.4 423 71.0 939 45.8 171 72.5 1,191 49.4

No 1,286 48.6 173 29.0 1,113 54.2 65 27.5 1,221 50.6

(Continued)
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Table 1.
Continued

Variable for Model

Totala

(N�2,648)
African American

(n�596)
White American

(n�2,052)

Walking Speed

<1.0 m/s
(n�236)

>1.0 m/s
(n�2,412)

n % n % n % n % n %

Comorbidities

Back pain

Yes 1,614 61.0 368 61.7 1,246 60.7 168 71.2 1,446 60.0

No 1,032 39.0 227 38.1 805 39.2 68 28.8 964 40.0

Missing 2 0.1 1 0.2 1 0.0 0 0.0 2 0.1

Diabetes

Yes 182 6.9 91 15.3 91 4.4 29 12.3 153 6.3

No 2,402 90.7 474 79.5 1,928 94.0 188 79.7 2,214 91.8

Missing 64 2.4 31 5.2 33 1.6 19 8.1 45 1.9

Hypertension

Yes 270 10.2 84 14.1 186 9.1 48 20.3 222 9.2

No 2,271 85.8 504 84.6 1,767 86.1 179 75.8 2,092 86.7

Missing 107 4.0 8 1.3 99 4.8 9 3.8 98 4.1

Cancer

Yes 86 3.2 10 1.7 76 3.7 14 5.9 72 3.0

No 2,511 94.8 561 94.1 1,950 95.0 211 89.4 2,300 95.4

Missing 51 1.9 25 4.2 26 1.3 11 4.7 40 1.7

Heart failure

Yes 40 1.5 23 3.9 17 0.8 13 5.5 27 1.1

No 2,568 97.0 552 92.6 2,016 98.2 213 90.3 2,355 97.6

Missing 40 1.5 21 3.5 19 0.9 10 4.2 30 1.2

Rheumatoid arthritis

Yes 38 1.4 26 4.4 12 0.6 11 4.7 27 1.1

No 2,179 82.3 387 64.9 1,792 87.3 160 67.8 2,019 83.7

Missing 431 16.3 183 30.7 248 12.1 65 27.5 366 15.2

Stroke

Yes 71 2.7 16 2.7 55 2.7 12 5.1 59 2.4

No 2,532 95.6 561 94.1 1,971 96.1 215 91.1 2,317 96.1

Missing 45 1.7 19 3.2 26 1.3 9 3.8 36 1.5

Ulcer

Yes 73 2.8 17 2.9 56 2.7 14 5.9 59 2.4

No 2,487 93.9 539 90.4 1,948 94.9 204 86.4 2,283 94.7

Missing 88 3.3 40 6.7 48 2.3 18 7.6 70 2.9

Asthma

Yes 281 10.6 65 10.9 216 10.5 32 13.6 249 10.3

No 2,297 86.7 505 84.7 1,792 87.3 190 80.5 2,107 87.4

Missing 70 2.6 26 4.4 44 2.1 14 5.9 56 2.3

Lung disease

Yes 63 2.4 18 3.0 45 2.2 16 6.8 47 1.9

No 2,514 94.9 549 92.1 1,965 95.8 206 87.3 2,308 95.7

Missing 71 2.7 29 4.9 42 2.0 14 5.9 57 2.4

Depression

Yes 299 11.3 110 18.5 189 9.2 58 24.6 241 10.0

No 2,317 87.5 465 78.0 1,852 90.3 172 72.9 2,145 88.9

Missing 32 1.2 21 3.5 11 0.5 6 2.5 26 1.1

a The 0.1% error for radiological severity, back pain, cancer, and asthma is related to rounding.
b Healthy weight and underweight�body mass index of less than 24.9 kg/m2, overweight�body mass index of 25.0–29.9 kg/m2, obese�body mass index
of �30.0 kg/m2.
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ease severity, and comorbidities. A
walking speed of less than 1.0 m/s
has been shown to be a general indi-
cator of overall health that can pre-
dict future adverse health events in
older adults.8,9 On the basis of norms
established primarily for white Amer-
ican populations,8–11 the results of
the present study suggest that
middle-aged African American
women with knee OA may have an
increased risk for future poor health
outcomes and present a rationale to
determine whether a link between
walking speed and poor health out-
comes in middle-aged women exists.

The evaluation of walking speed may
be useful for managing population
health. Such an evaluation is simple,
inexpensive, easy to perform and
interpret, crosses all cultures, and
can be implemented across a variety
of community and clinical settings.
The criterion establishing slow walk-
ing speed as a predictor of poor out-
comes in an older population was
based on primarily white popula-
tions; validation of this criterion for
different races, ages, and health con-
ditions needs to be considered.

Differences in walking speed by race
may have serious consequences for
policy and service deliveries that are
developed on the basis of walking
speed evaluation.34,40 For the
advancement of knowledge about
health-related disparities in women
with or at risk for OA, normative

values for walking speed by race
need to be confirmed and compared
with the walking speeds of our
cohort. Without this knowledge, it is
not possible to determine whether
differences between African Ameri-
can and white American women are
attributable to cultural norms and
beliefs or to true differences in
health outcomes. For example, in
the present study of middle-aged
women, the majority of African
American women were younger
than 65 years (75%) and walked at a
mean speed of 1.2 m/s. On the basis
of normative data for this age,9–11 the
expected walking speed is 1.3 m/s. If
the current walking speed criterion
is not confirmed for the African
American population, African Amer-
ican women with OA and a slow
walking speed may be inappropri-
ately identified as being below the
normative criterion because their
natural walking speed is slower than
that of white American women with
OA. Alternatively, our data support
previous reports of significant differ-
ences in disability and disease pro-
gression between African American
and white American women.28 If the
current walking speed criterion is
valid for African American women,
the findings of the present study sug-
gest that African American women
with a walking speed of less than 1.0
m/s may be at high risk for poor
health outcomes and a loss of inde-
pendence.17 Further efforts to vali-
date the use of walking speed evolu-

tion for different middle-aged racial
populations are needed.

Mobility is a large part of indepen-
dent living and may be considered
one of the most important functional
requirements for maintaining social
roles among older adults.41 Indepen-
dence with daily activities and stair
climbing are mobility skills that
require a high level of function and
pose the greatest risk to indepen-
dence in people with knee OA.2 For
people to independently continue
their daily activities, a minimum
walking speed of 1.11 m/s is consid-
ered necessary.2,17 This information
suggests that our cohort of women
(African American and white Ameri-
can) were independent with activi-
ties of daily living. The ability to
climb stairs (1.33 m/s) is considered
to be an advanced mobility skill.17,42

The results of the present study sug-
gest that only white American
women had a mean walking speed
that indicated independence with
this skill.

The findings of the present study
support the influence of demo-
graphic, socioeconomic, disease
severity, and comorbidity factors
on walking speed, as previously
reported for older populations.24,26

Differences and influences of these
factors were shown by the sequen-
tial addition of grouped factors in the
models. For example, the addition
of demographic factors created a

Table 2.
Association Between Race and Walking at Slow Speed (�1.0 m/s)

Model Adjustment Factorsa

Odds Ratio (95% Confidence Interval)

African American (n�596) White American (n�2,052)

0 Race only 3.47 (2.55, 4.71) 1.00

1 Demographic 3.79 (2.68, 5.37) 1.00

2 Demographic � socioeconomic 3.06 (2.14, 4.37) 1.00

3 Demographic � socioeconomic � disease severity 2.70 (1.89, 3.87) 1.00

4 Demographic � socioeconomic � disease severity � comorbidity 2.83 (1.96, 4.08) 1.00

a Demographic�race, age, and body mass index; socioeconomic�medical care access, annual income, and education; disease severity�knee osteoarthritis
and knee pain.
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Table 3.
Association Between Race and Walking Speed (�1.0 m/s and �1.0 m/s), as Determined by Multivariable Mixed-Effects Logistic
Regression (N�2,648)a

Variable for Model

Model 0 Model 1 Model 2 Model 3 Model 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Demographic

Age (y)

45–54 0.10 0.06, 0.16 0.12 0.07, 0.20 0.10 0.06, 0.18 0.10 0.06, 0.18

55–64 0.15 0.10, 0.24 0.18 0.12, 0.29 0.17 0.11, 0.27 0.16 0.10, 0.26

65–74 0.22 0.14, 0.34 0.24 0.15, 0.36 0.22 0.14, 0.34 0.22 0.14, 0.34

75–80 1.00 1.00 1.00 1.00

Race

African American 3.47 2.55, 4.71 3.79 2.68, 5.37 3.06 2.14, 4.37 2.70 1.89, 3.87 2.83 1.96, 4.08

White American 1.00 1.00 1.00 1.00 1.00

Body mass index (kg/m2)

Healthy weight and underweight 0.42 0.28, 0.63 0.47 0.31, 0.71 0.55 0.36, 0.84 0.55 0.36, 0.85

Overweight 0.45 0.32, 0.64 0.47 0.33, 0.66 0.50 0.35, 0.71 0.48 0.34, 0.69

Obese 1.00 1.00 1.00 1.00

Socioeconomic

Medical care access

Yes 0.49 0.28, 0.86 0.48 0.28, 0.85 0.51 0.29, 0.91

No 1.00 1.00 1.00

Annual income

�$50,000 2.09 1.49, 2.93 2.02 1.43, 2.84 1.72 1.22, 2.45

�$50,000 1.00 1.00 1.00

Education

High school and less 1.56 1.14, 2.14 1.54 1.12, 2.12 1.47 1.06, 2.03

More than high school 1.00 1.00 1.00

Radiological severity (knee osteoarthritis)

Severe 2.36 1.69, 3.28 2.06 1.47, 2.89

Mild/moderate 1.00 1.00

Clinical severity (knee pain)

Yes 1.44 1.03, 2.01 1.43 1.02, 2.01

No 1.00 1.00

Comorbidities

Back pain

Yes 1.45 1.05, 2.01

No 1.00

Diabetes

Yes 0.91 0.57, 1.47

No 1.00

Hypertension

Yes 1.41 0.96, 2.09

No 1.00

(Continued)
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higher likelihood that African Amer-
ican women walked at speeds of less
than 1.0 m/s; however, in the full
model, the strength of the associa-
tion between race and walking
speed was slightly reduced, but the
relationship was retained. The com-
plexity of the multifactorial compo-
nents (demographic factors, socio-
economic factors, disease severity,
and comorbidities) provides direc-
tion on potential areas for targeting
interventions. Coexisting with obe-
sity are cardiovascular comorbidi-
ties, such as hypertension, and
diabetes, which often occur concur-
rently with OA and are highly prev-
alent in African American women.43

Hypertension is 9 times more preva-
lent, occurs earlier, and is more
severe in African American women
than in white American women.43

These competing health priorities in
people with multiple conditions
have been shown to result in less-
than-ideal management of the condi-
tions.44 Walking speed provides an
opportunity to evaluate these condi-
tions with one simple, clinical mea-
sure and link their effects with a sim-
ple measure of independence,
essentially providing a means for
people and communities to recog-
nize their own health needs.

The present study was cross-section-
al; therefore, the study findings are
limited to a point in time. Further
evaluation is needed to determine
whether middle-aged women with a
walking speed of less than 1.0 m/s
are at high risk for future poor health
outcomes and to determine whether
a change in walking speed (improve-

ment, no change, or decline) over
time affects the rate at which these
changes occur.

The generalizability of the findings is
limited to middle-aged women, and
the findings cannot be extrapolated
to men. Recent evidence supports
sex differences in the management
of knee OA.5 Although women have
more pain and disability than men,
conservative treatments—such as
exercise, activity modification, and
weight loss—have not been evalu-
ated in men and women separately.
With regard to knee OA treatments
for which sex differences have been
evaluated, women are more likely
than men to use alternative medicine
and less likely than men to undergo a
total knee arthroplasty for end-stage
knee OA management.5,7 Under-

Table 3.
Continued

Variable for Model

Model 0 Model 1 Model 2 Model 3 Model 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Cancer

Yes 2.20 1.12, 4.30

No 1.00

Heart failure

Yes 1.67 0.76, 3.67

No 1.00

Stroke

Yes 1.29 0.64, 2.60

No 1.00

Ulcer

Yes 1.89 0.95, 3.73

No 1.00

Asthma

Yes 0.95 0.60, 1.50

No 1.00

Lung disease

Yes 2.41 1.22, 4.77

No 1.00

Depression

Yes 1.97 1.35, 2.87

No 1.00

a OR�odds ratio, CI�confidence interval.
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standing the sex differences is instru-
mental in reducing disparities in OA
disease management in women.

Although we used established walk-
ing speed normative values,9–11

these normative values have not
been extensively evaluated for differ-
ent races. Further research should
substantiate whether a walking
speed of less than 1.0 m/s predicts
poor health outcomes in African
American women.

Previous studies showed that older
African American women have
increased frailty, disability, and
socioeconomic status. The small pro-
portion (3%) of African American
women older than 75 years in the
present study suggests that we may
have underestimated the incidence
of frailty and disability in African
American women in this age group.
Because we do not have walking
speed information for this age group,
we cannot generalize our findings to
an older population of African Amer-
ican women with or at risk for knee
OA. This topic remains an area for
future evaluation.

In conclusion, walking at a speed of
less than 1.0 m/s is associated with
an increased risk for poor health out-
comes and a loss of independent
mobility in older adults. From a clin-
ical perspective, the identification of
women at high risk for future poor
health outcomes is critical so that
efforts to reduce the burden of ill-
ness due to OA have intention. In the
present study of middle-aged women
with or at risk for knee OA, African
American women walked more
slowly than white American women,
and race was independently associ-
ated with walking at a speed of less
than 1.0 m/s. There is great potential
for walking speed to become an
important disparity-sensitive instru-
ment for middle-aged women with
OA in that it may be able to identify
early disability and predict health

outcomes for this population. For
this potential to be realized, longitu-
dinal predictive studies need to be
done and normative walking speeds
for different races need to be
confirmed.
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