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Abstract—Persons undergoing physical therapy home ser-
vices often have difficulty with mobility and gait. The purpose 
of this study was to determine whether there was a relationship 
between gait and a rating of cognitive functioning in persons 
undergoing home-care physical therapy services. Patients over 
the age of 65 (n = 11,601) seen by a home-care agency between 
2007 and 2008 were included in the retrospective analysis, and 
10,953 (mean +/– standard deviation age 83.2 +/– 7.1; 31%) 
met the criteria of being able to ambulate independently or 
with an assistive device. All patients attempted to perform the 
modified Clinical Test of Sensory Integration and Balance plus 
either the Performance Oriented Measurement Assessment 
(POMA) or the Dynamic Gait Index (DGI). Mental function 
was scored as part of the Outcome and Assessment Informa-
tion Set. A multivariate model with adjustment for age and sex 
identified gait performance as measured by the DGI to be inde-
pendently associated with the likelihood that a patient required 
cognitive prompting (p = 0.03). Both the DGI and POMA 
scores were independently associated with requiring assis-
tance/dependence with cognitive tasks. There was a strong 
relationship between cognition and gait performance in per-
sons undergoing physical therapy interventions in the home. 
Changes in gait may be related to cognitive decline.

Key words: balance, cognition, falls, gait, home care, mea-
surement, older adults, Outcome and Assessment Information 
Set (OASIS), physical therapy, residence.

INTRODUCTION

There is emerging data about the relationship 
between peoples’ mental capabilities and their ability to 
ambulate. Recently, in a large study of older Mexican 
Americans, early mental decline was associated with 
changes in gait speed [1]. Those that walked slower had 
greater declines on the Mini-Mental State Examination 
(MMSE) over a 7 yr period. Nondisabled older adults 
who live in the community walked longer distances on 
the 6 min walk test when compared with those living in 
an assisted living situation [2]. Overall, gait speed has 
been shown to be related to long-term survival in persons 
over the age of 65 [3]. In at-risk older adults, loss of 
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functional mobility was related to slower scores on a 
400 m timed gait task [4].

Cognitive function has previously been related to fall 
risk in long-term care environments [5]. Although cogni-
tive loss generally makes rehabilitation more difficult for 
the healthcare team, Morghen et al. recently reported that 
persons with moderate to severe cognitive impairments 
were often able to ambulate independently 1 yr after total 
hip replacement [6].

Physical therapy intervention in the home appears to 
have a positive effect on persons receiving care in the 
home. An intensive 10 wk (2 times per wk) program of 
progressive resistive exercises in the home 6 mo post hip 
fracture discharge produced changes in gait speed com-
pared with a control group that were maintained at the 
3 mo follow-up visit [7]. Home-based walking programs 
in older persons living in the community have supported 
changes in quality of life and a shuttle stamina walk test 
[8]. The location where seniors ambulate and the inten-
sity of the walking program have been related to cogni-
tive status, with higher-functioning seniors ambulating 
more outdoors in parks and less in shopping malls [9]. 
Therefore, cognitive function and gait performance 
appear to be related [1,5].

Rehabilitation in the home-care setting is designed to 
safely reintroduce people to their community. The Out-
come and Assessment Information Set (OASIS) is the 
standardized tool used in the United States at patient 
intake to attempt to monitor care in home-care agencies 
and to adjust payments to account for differences in 
patients [10]. The purpose of this study was to determine 
whether there was a relationship between cognitive func-
tioning in a large home-care agency Medicare OASIS 
database and observed gait/balance performance. This 
article attempts to describe the relationship between the 
OASIS measure of cognition and standardized measures 
of gait performance. This relationship has not previously 
been described in the home-care practice setting. Stan-
dardized measures of gait are not commonly performed 
in the home-care setting, but are often used to document 
gait impairments in community-living older persons.

METHODS

All persons over the age of 65 seen by Gentiva 
Health Services, Atlanta, Georgia, between 2007 and 
2008 were included, with 10,953 (mean ± standard devia-

tion age = 83.2 ± 7.1 yr; range: 65–106 yr, 31% men) 
meeting the criteria of being able to ambulate indepen-
dently or at least with assistance and who were indicated 
at referral to be at increased risk of falling (Table 1). 
Patients with a history of falls in the previous 12 mo and/
or one or more modifiable fall risk factors were included 
in the analysis. The definition of modifiable fall risk fac-
tor included home hazards [11–12], polypharmacy, psy-
chotropic medication use [11], lower-limb weakness [11], 
gait and mobility dysfunction, impaired balance [13], 
dizziness [14], orthostatic hypotension, impaired sensa-
tion or vision [11], and sedative hypnotic use [11,15]. 

Gait and balance data were collected by physical 
therapists in each person’s living environment. A fall-
reduction education program (19.5 h) was completed by 
all physical therapists that collected the gait and balance 
data. Clinicians were taught how to systematically exam-
ine and intervene with persons at risk for falling in order 
to attempt to modify the risk factor(s). Major educational 
content included a review of balance and dizziness and 
examination and treatment of persons with vestibular dis-
orders and peripheral neuropathy; tools to assess risk of 
falling in older adults were also included.

All physical therapists participated in evaluation, 
intervention, and documentation experiences, and their 
clinical records were all reviewed for accuracy prior to 
data collection to ensure that they were all inputting the 
data correctly and were familiar with the data entry sys-
tem. During the 

Characteristic Level n (%)
Residence* Patient Home 7,135 (65.1)

Family Residence 1,226 (11.2)
Board Home or Rented Room 101 (0.9)
Board/Care or Assisted Living 2,440 (22.3)
Other 51 (0.5)

Cognition† Independent 5,867 (53.6)
Prompting Required 3,364 (30.7)
Some Assistance 1,360 (12.4)
Considerable Assistance 362 (3.3)

Ambulation‡ Independent 163 (1.5)
Independent with Device 5,565 (50.8)
Assistance Required 5,225 (47.7)

home-care educational program, physical 

Table 1.
Characteristics of sample: type of residence, Outcome and 
Assessment Information Set (OASIS) cognition, and ambulation 
rating (total N = 10,953).

*OASIS M0300.
†OASIS M0560.
‡OASIS M0700.
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therapists were trained and tested on how to systematically 
use the Performance Oriented Measurement Assessment 
(POMA) [16], the Dynamic Gait Index (DGI) [17–18], and 
the modified Clinical Test of Sensory Integration and Bal-
ance (mCTSIB) [19–20]. The therapists were instructed to 
perform the mCTSIB and at least one of the two gait mea-
sures during the physical therapy intake as part of the 
home-care company’s ongoing plan to require outcome 
measures as part of their quality improvement plan. All 
data were de-identified through an independent broker and 
were entered on a secure server for analysis.

The POMA is a 28-point measure that assesses bal-
ance and gait and that is commonly used with older per-
sons. The POMA consists of 12 points related to gait and 
16 points related to balance, with scores of 19 or less sug-
gesting high fall risk. Patients are asked to walk and are 
tested on sitting and standing static and dynamic balance 
activities, such as the sternal nudge, 360 turn, sit to 
stand transitions, and eyes-closed standing. Equipment 
use is minimal and includes a stopwatch, armless hard 
chair, and a 4.57 m walkway.

The DGI has eight different aspects of gait function 
with a total point value of 24. Patients are asked to walk 
down a walkway, walk at different speeds, walk and stop 
quickly, walk while turning their head up and down and 
right and left, walk over and around a box, and walk up 
and down a set of steps. Scores of 19 or less have been 
related to falls in older persons [21].

The mCTSIB assesses standing balance using the 
Romberg eyes open and eyes closed conditions, as well 
as the same conditions while subjects stand on a foam 
pad for 30 s. All three measures, the POMA, DGI, and 
mCTSIB, have been previously used to record balance 
function in older people [16–19,22–24].

Physical therapists and nurses with at least 1 yr of 
professional experience were also trained in collection of 
OASIS data. Cognition on the OASIS (M0560) was rated 
as independent, requires prompting, some assistance, and 
considerable assistance; in addition, level of assistance 
for ambulation was rated as walking with assistance, 
independent with an assistive device, or independent in 
ambulation for all patients. The location where the 
patient was currently living was also retrieved from the 
OASIS database.

DATA ANALYSIS

The association between cognition and gait perfor-
mance was tested using a multivariate analysis of covari-
ance (ANCOVA) to compare mean DGI and POMA 
scores at the beginning of rehabilitation between four 
cognitive function groups as measured by OASIS M0560 
(independent, requires prompting, some assistance, and 
considerable assistance). Mean DGI and POMA scores 
were adjusted for the potential effects of age, sex, and 
static balance function (number of successfully com-
pleted mCTSIB conditions) within cognitive function 
groups. Adjusted mean DGI and POMA scores were 
compared between cognitive function groups using a 
Bonferroni adjustment for multiple comparisons and a 
type I error rate of p < 0.05. A comparative analysis was 
performed to compare patient groups who received clini-
cal gait analysis with the DGI and/or POMA with those 
who were not assessed upon initial evaluation.

Nominal regression models were used to establish 
the association between gait, mobility and balance per-
formance, and cognitive function across two levels of 
cognitive assistance (prompting and any assistance) rela-
tive to cognitive independence. Likelihood of cognitive 
prompting or assistance relative to independence was 
estimated (using maximum likelihood estimate) with 
odds ratios (ORs) and 95 percent confidence intervals 
(CIs) on the basis of the univariate association with gait 
and balance performance measures. All nominal regres-
sion models were adjusted for age and sex. A type I error 
rate of 0.05 was used to determine significance. Data 
were analyzed using PASW Statistics, version 18.0. (IBM 
Corp; Armonk, New York).

RESULTS

The majority of subjects (65.1%) were residing in 
their own homes, were rated at the independent level for 
cognitive function (53.6%), and were ambulating inde-
pendently at least with an assistive device (52.3%) based 
on OASIS item M0560 (Table 1). The DGI and/or 
POMA were completed upon evaluation by physical 
therapists for 9,258 (84.5%) of the patients who met the 
study inclusion criteria (DGI n = 3,877, POMA n = 
6,154, both measures n = 773).

Descriptions of patient age, sex, living situation, gait, 
and standing balance performance by level of cognitive 
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Outcome Measure

Cognitive Function (OASIS M0560)

Independent
(n = 4,945)

Requires Prompting
(n = 2,884)

Some Assistance
(n = 1,120)

Considerable 
Assistance
(n = 309)

Age (mean ± SD) 82.9 ± 7.2 84.6 ± 7.0 85.0 ± 6.7 85.5 ± 5.9
Female Sex, n (%) 3,502 (70.8) 1,979 (68.8) 744 (64.4) 207 (67)
Living Situation, n (%)

3,719 (75.2) 1,714 (59.4) 530 (47.3) 116 (37.5)
507 (10.3) 355 (12.3) 143 (12.8) 35 (11.3)

36 (0.7) 38 (1.3) 14 (1.3) 1 (0.3)
666 (13.5) 766 (26.6) 421 (37.6) 155 (50.2)

17 (0.3) 11 (0.4) 12 (1.1) 2 (0.6)
DGI (mean ± SD) 11.4 ± 4.0 10.5 ± 4.0 10.5 ± 4.2 8.8 ± 3.7
POMA (mean ± SD) 12.9 ± 4.5 11.9 ± 4.6 10.9 ± 4.5 11.0 ± 5.8
mCTSIB,* n (%)
Number Tested 4,914 2,873 1,112 306

1,161 (33.8) 1,124 (39.1) 479 (43.1) 150 (49)
1,573 (32) 934 (32.5) 370 (33.3) 86 (28.1)
1,133 (23.1) 586 (20.4) 179 (16.1) 50 (16.3)

498 (10.1) 207 (22) 78 (7) 19 (6.2)
49 (1) 22 (0.8) 6 (0.5) 1 (0.3)

function as estimated by OASIS item M0560 are pre-
sented in Table 2. Level of cognitive function was associ-
ated with and predicted 2 percent of the variance in age-
adjusted mean DGI scores (p < 0.01). With adjustment for 
age (83.2 yr), mean DGI score was independently associ-
ated with level of cognitive function group (p < 0.01), sex 
(p < 0.01), and standing balance as measured by the num-
ber of completed mCTSIB conditions (p < 0.01). This 
three-factor model predicted 18 percent of the variance in 
age-adjusted mean DGI performance. Bonferroni-adjusted 
pairwise comparisons in mean DGI scores showed higher 
mean DGI scores in the cognitively independent group 
(mean DGI = 12.3, 95% CI = 12.0–12.6) compared with 
the group requiring prompting (mean DGI = 11.2, 95% 
CI = 10.8–11.6) or considerable assistance (mean DGI = 
9.8, 95% CI = 9.03–10.7) (all p < 0.01) (Figure).

Age-adjusted mean POMA scores were associated 
with level of cognitive function (p < 0.01) as measured 
by OASIS item M0560 (Table 2). Bonferroni-adjusted 
group comparisons in mean POMA scores showed sig-
nificant differences between all cognitive function 

groups, except for patients requiring some assistance and 
those requiring considerable assistance. Level of cogni-
tive function predicted 3 percent of the variance in age-
adjusted POMA scores (p < 0.01). Mean POMA scores 
were also associated with standing balance performance 
on the mCTSIB (p < 0.01). Standing balance indepen-
dently predicted 25 percent of the variance in mean 
POMA scores. Mean POMA scores increased signifi-
cantly with each number of completed mCTSIB sensory/
stance conditions, except between the patients success-
fully completing three versus four conditions. Age was 
not a significant covariate, and cognitive function was 
not independently associated with mean POMA score 
when standing balance performance on the mCTSIB was 
included in a multivariate ANCOVA.

The nominal regression analyses demonstrated that 
cognitive functional limitations were associated with 
reduced gait performance on the DGI and mobility as 
measured by the POMA (Table 3). After adjustment for 
age, sex, and performance on the mCTSIB, the likelihood 
of cognitive prompting relative to independence was 

Table 2.
Subject characteristics and gait and static balance performance for cognitive function groups as defined by Outcome and Assessment Information 
Set (OASIS): Dynamic Gait Index (DGI), Performance Oriented Measurement Assessment (POMA), and modified Clinical Test of Sensory 
Integration and Balance (mCTSIB) scores for subjects receiving gait/balance assessment (n = 9, 258).

Patient Home
Family Residence
Board Home or Rented Room
Board/Care or Assisted Living
Other

Zero
One
Two
Three
Four

*Number of completed sensory/stance conditions.
SD = standard deviation.
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Figure.
Age-adjusted (mean + standard deviation [SD]) Dynamic Gait 

Index (DGI) scores by levels of cognitive function for persons 

undergoing home-based health services; symbols indicate sig-

nificant group differences (p < 0.05, Bonferroni adjusted). Sig-

nificant differences existed between Considerable Assistance 

group and all other Outcome and Assessment Information Set 

(OASIS) cognitive function groups; Independent and Requires 

Prompting groups were significantly different. *Adjusted for age 

at covariate value = 83.2 yr. **Significantly different in contrast 

to all other groups. †Significantly different in contrast to inde-

pendent group.

reduced with each 1-point increase in both DGI (OR = 
0.95, p < 0.001) and POMA (OR = 0.96, p < 0.001) 
scores. Assistance or dependence with cognitive tasks 
relative to independence was likewise associated with 
decreasing performance on the DGI (OR = 0.93, p < 
0.001) and the POMA (OR = 0.91) (Table 3).

As the choice of gait measures during the clinical 
visit was dependent upon physical therapists’ judgment, 
comparisons of the subject groups who were evaluated 
using the DGI or POMA, both measures, or none of the 
gait measures is important for complete understanding of 
patient management in this home-care clinical popula-
tion. Clinician choice to administer either,

Cognitive
Level

Model
n

Variable
Odds Ratio
(95% CI)

Requires Prompting 1,120 DGI 0.95 (0.93–0.97)
2,000 POMA 0.96 (0.95–0.97)

Assistance Required
to Dependent

489 DGI 0.93 (0.91–0.95)
1,038 POMA 0.91 (0.90–0.93)

 both, or nei-
ther gait measure during the clinical encounter was not 

related to patient age or sex. The choice to administer a 
gait evaluation was associated with standing balance as 
measured by the mCTSIB (p < 0.01), with patients who 
were able to complete none or one mCTSIB condition 
more likely to receive a gait evaluation using either the 
DGI or POMA (but not both measures).

Patients who required some assistance with cognitive 
function as determined by OASIS M0560 were signifi-
cantly more likely to receive a gait evaluation using a sin-
gle measure (versus both or neither measure, p < 0.01). 
Patient residence was associated with the choice to 
administer a gait measure (p < 0.03). Patients living in 
boarding with care or assisted living settings were least 
likely to receive a gait evaluation using the DGI or 
POMA. In summary, clinicians were more likely to 
administer a single gait measure to patients requiring 
some assistance with cognitive function and having the 
lowest levels of standing balance function. Among 
patients to whom one gait measure was administered (n = 
8,485), the DGI was used by physical therapists 36.6 per-
cent of the time (n = 3,104). Patients to whom the DGI 
was administered were younger by 1 yr (p < 0.01), were 
more likely to be living in their own home, and were less 
likely to be in an assisted setting (p < 0.01) than those 
who were tested using the POMA. Patients who were 
tested using the DGI were more likely to be rated at the 
independent level of cognitive function (p < 0.01).

DISCUSSION

There was a strong relationship between cognition and 
performance measures of gait and balance/mobility col-
lected by physical therapists, regardless of living situation. 

Table 3.
Associations* between Dynamic Gait Index (DGI) (n = 3,877) and 
Performance Oriented Measurement Assessment (POMA) (n = 6,154) 
measures and likelihood of Outcome and Assessment Information Set 
(OASIS) (M0560) cognitive functional impairment relative to 
independence: odds ratios with 95 percent confidence intervals (CIs).

*Adjusted for age, sex, and modified Clinical Test of Sensory Integration and 
Balance.
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Gait performance as measured by the DGI and mobility as 
measured by the POMA were independently associated 
with requiring cognitive prompting by worse scores on the 
gait measures. Assistance or dependence with cognitive 
tasks was also associated with the inability to perform any 
portion of the mCTSIB. This is the first study to our 
knowledge to find a relationship between cognition and 
standard measures of gait performance in older adults 
undergoing physical therapy services in the home.

The difference in DGI scores between the cognitively 
intact and the considerable assistance groups was 2.5 
points. These people in the home all had very impaired 
gait; all mean scores for all four groups were below a 
mean of 11.4 out of 24 points.

Other measures of gait performance have been 
shown to be associated with cognitive impairment. Five 
and seven percent, respectively, of variance in gait speed 
was predicted by standard measures of cognitive function 
(the Trail Making-Part B and the Stroop Interference 
tests) in community-living older adults with mild cogni-
tive decline [25]. Although the relationship between cog-
nition and gait performance is statistically significant in 
our study, the clinical importance of our findings is diffi-
cult to interpret as there is little to no data in the literature 
that describes these relationships in the home healthcare 
practice setting.

Our findings show a 2 percent prediction in variance 
in DGI score due to cognitive function and a 7 percent 
reduction in likelihood of cognitive independence for 
every 1-point change in DGI. The OASIS measure of 
cognitive function is a 4-level scale, unlike many other 
more precise measures of cognitive function. There was a 
difference of 2.5 DGI points between the group of people 
rated as cognitively independent and those who required 
cognitive assistance after adjustment for age, sex, and 
standing balance. A 3-point change is considered a clini-
cally meaningful change in persons living in the commu-
nity who have higher functional performance levels [26]. 
Further investigation is required to explain the clinical 
significance of the association between cognition and 
gait performance in people receiving home-care services.

Patients typically referred to home-care services have 
difficulty walking and also may have cognitive dysfunc-
tion. If patients walked well, they would be seen in an 
outpatient setting for care. The minimal clinically impor-
tant difference (MCID) has not been previously identi-
fied in the home-care population, so it is impossible to 
determine whether the MCID has been reached, but the 

difference of 2.5 may be clinically important in patients 
with limited gait function.

Therapist choice of gait measure appeared to be 
affected by the patients’ cognition, with patients who 
were more cognitively aware asked to perform the DGI. 
As part of the DGI, four items have three or more com-
mands that must be remembered in order to perform the 
gait task correctly. The physical therapists appear to have 
selected people with higher cognitive functioning to per-
form the DGI.

A minimal detectable change at the 95 percent CI 
for the POMA and the DGI has been reported as a 3- and 
a 2-point change, respectively [27]. The mean difference 
between the POMA scores of those who were indepen-
dent and those who required considerable assistance was 
1.9 (minimal detectable change is 3). The differences on 
the POMA did not exceed the minimal detectable change. 
For the DGI, the mean difference in the independent 
group versus the considerable assistance group was 2.6 
(minimal detectable change score is 2). Because the DGI 
requires more complex, multistep commands, it is no sur-
prise that those who required cognitive prompting would 
have lower scores on the DGI than the POMA. Although 
we did not examine change over time, it appears that the 
DGI might be more responsive to variations in cognitive 
status than the POMA.

Walking (gait) is important for maintaining func-
tional independence. While reliant on the functioning of 
peripheral organs such as the musculoskeletal system, 
vestibular apparatus, and cardiovascular fitness, normal 
gait performance also depends on cortical input. Walking 
is the most common form of physical activity among 
older adults [28], is increasingly being examined as a 
means of health promotion and disease prevention, and 
has been suggested as being protective for cognitive 
health [9]. Although there is evidence that walking may 
be protective of cognitive status, there are findings that 
suggest that walking speed can also be used as a determi-
nant of cognitive function [29]. It has been demonstrated 
in community-based studies in older adults that cognitive 
decline and dementia are strongly associated with higher 
risk of developing subsequent slow gait speed, especially 
in advanced states [30–31], and lower frequency of walk-
ing in the neighborhood [9]; also, decreases in cognition 
and gait speed have been found to be parallel over time 
[32–34].

Gait performance as assessed by the DGI and the 
POMA suggests that our homebound sample had gait and 
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balance impairments. As expected, average DGI and 
POMA scores indicated that the subjects were at risk for 
falling because of subject selection, as they were referred 
to the home-care program based on their increased risk 
for falls at onset of their episode of care [16–17]. Gait 
speed may be an early marker of subsequent cognitive 
impairment [34]. Changes in coordination, finger tapping 
speed, and time to walk 30 ft may be attributable to path-
ological processes associated with cognitive decline [35]. 
Our study also supports these findings that walking per-
formance and cognition are related in a large sample of 
people receiving care in their homes.

Several mechanisms might explain the relationship 
between slow walking speed and subsequent decline in 
cognitive function. One possible mechanism is that walk-
ing speed could be a marker of brain lesions (white mat-
ter disease) that are associated with future cognitive 
decline [32]. Progression of these small white matter 
lesions could produce abnormalities in walking speed 
early in the process of decline, and only later might 
impairments in cognition be detected [32]. Periventricu-
lar white matter hyper intensities (high signal) on mag-
netic resonance imaging (MRI) scans and increased 
ventricular volume, even in apparently healthy older 
adults, have also been associated with slowing of walking 
speed [36]. These central nervous system changes con-
tribute to important markers of aging [35]. More recently, 
changes on MRI scans in conjunction with presence of 
apolipoprotein E epsilon 4 predicted future cognitive 
decline and poor physical function in 444 older adults 
over a 10 yr period. Radiological findings in conjunction 
with apolipoprotein E epsilon 4 may single out a group at 
higher risk for dementia [37]. Cognitive decline and poor 
physical function are risk factors for disability in old age 
and were related in our sample.

Cognitive impairment has been considered to be a 
negative prognostic factor for successful rehabilitation 
and functional recovery [38]. Lower scores on the 
MMSE have also been associated with poorer physical 
performance on tests of gait speed, chair stand, and max-
imal inspiratory pressure and predicted 2 yr declines in 
physical performance on a summary measure of gait 
speed, chair stand, and standing balance tests [33]. Suc-
cessful execution of a physical task demands cognitive 
processes regardless of the nature of the task. Research-
ers using performance-based measures of physical func-
tioning should pay particular attention to the cognitive 
capacities of their subjects because these might influence 

their assessment [34]. Cognition and physical perfor-
mance in persons undergoing home-care interventions 
should be further studied with longitudinal follow-up in 
order to improve current knowledge on the effect of cog-
nitive decline on gait/balance performance.

CONCLUSIONS

There was a strong relationship between the cogni-
tion score on the OASIS and gait/balance performance in 
persons undergoing home-care interventions in the home. 
Changes in performance may be related to cognitive 
decline.
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