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Background. The Functional Gait Assessment (FGA) is a validated measurement
of gait-related activities in certain populations and may be potentially useful to assess
balance and gait disorders in patients with Parkinson disease (PD).

Objective. The purpose of this study was to determine the construct, concurrent,
and predictive validity of the FGA in inpatients with PD.

Design. This was a prospective cohort study.

Methods. One hundred twenty-one inpatients with PD were prospectively
enrolled. The FGA and other relevant appraisals of gait, balance, disease severity, and
activities of daily living were performed. Six months later, the patients were inter-
viewed by telephone to have their fall information collected. Principal component
analysis was used to determine construct validity. Spearman correlation coefficients
were used to determine concurrent validity between the FGA and other measures.
Cutoff point, sensitivity, specificity, and positive likelihood ratio were calculated for
predictive validity based on the receiver operating characteristic curve.

Results. One common factor was extracted for construct validity, which cumula-
tively explained 64.0% of the total variance. Correlation coefficients for the FGA
compared with other measures ranged from .57 to .85. The cutoff point for predicting
falls was 18, with sensitivity of 80.6%, specificity of 80.0%, and positive likelihood
ratio of 4.03.

Limitations. This study was limited by the length of time of follow-up and
self-reports of falls without the requirement of a fall diary. Medication adjustment
after the FGA evaluation may have led to a different cutoff score for identifying those
patients who were at risk of falling.

Conclusions. The FGA demonstrated good construct validity in patients with PD.
It had moderate to strong correlations with other balance and gait appraisals. The
FGA can be used to predict falls within the subsequent 6 months.

Y. Yang, MD, Department of Neu-
rology, Beijing Tiantan Hospital,
Capital Medical University, Bei-
jing, China.

Y. Wang, MD, Department of
Neurology, Beijing Tiantan Hospi-
tal, Capital Medical University,
No. 6 Tiantanxili, Dongcheng
District, Beijing 100050, China.
Address all correspondence to Mr
Wang at: yongjunwang1962@
gmail.com.

Y. Zhou, BS, Department of Neu-
rology, Beijing Tiantan Hospital,
Capital Medical University.

C. Chen, BS, Department of Neu-
rology, Beijing Tiantan Hospital,
Capital Medical University.

D. Xing, BS, Department of Neu-
rology, Beijing Tiantan Hospital,
Capital Medical University.

C. Wang, MD, Department of
Neurology, Beijing Tiantan Hospi-
tal, Capital Medical University.

[Yang Y, Wang Y, Zhou Y, et al.
Validity of the Functional Gait
Assessment in patients with Par-
kinson disease: construct, concur-
rent, and predictive validity. Phys
Ther. 2014;94:392–400.]

© 2014 American Physical Therapy
Association

Published Ahead of Print:
October 24, 2013

Accepted: October 21, 2013
Submitted: January 15, 2013

Research Report

Post a Rapid Response to
this article at:
ptjournal.apta.org

392 f Physical Therapy Volume 94 Number 3 March 2014

mailto:yongjunwang1962@gmail.com
mailto:yongjunwang1962@gmail.com


Parkinson disease (PD) is a com-
mon neurodegenerative dis-
ease, characterized by move-

ment disorders such as tremor,
myotonia, bradykinesia, and gait
abnormality. Postural instability and
gait deviation are 2 of the main fea-
tures of PD, which may significantly
affect a patient’s quality of life and
propensity to fall.1–3 Fall risk screen-
ing and prevention are important
clinical management aspects of
patients with PD because of the
increased mortality and morbidity
resulting from falls.

Several screening measures, such as
Berg Balance Scale (BBS), Functional
Ambulation Category (FAC), gait
speed, and Timed “Up & Go” Test
(TUG), have been used to predict the
risk of falls. The Functional Gait
Assessment (FGA) is a relatively new
scale proposed by Wrisley et al.4 The
FGA was derived from the Dynamic
Gait Index (DGI), intending to
improve reliability and reduce the
ceiling effect seen in DGI.5 The FGA
comprises 7 of 8 items from the orig-
inal DGI scale, with 3 new additional
items. The 10 items of the FGA are:
(1) gait on a level surface, (2) change
in gait speed, (3) gait with horizontal
head turns, (4) gait with vertical
head turns, (5) gait and pivot turn,
(6) step over obstacle, (7) gait with
narrow base of support, (8) gait with
eyes closed, (9) ambulating back-
ward, and (10) steps. Each item is
scored on a 4-level ordinal scale
(0–3); the maximum total score is
30. A higher score represents better
balance and gait ability.

The FGA has been validated in vari-
ous patient populations. Wrisley et
al4 studied construct and concurrent
validity of the FGA in patients with
vestibular dysfunction and demon-
strated 3 domains of gait perfor-
mance that can be assessed by the
FGA. In their study, the correlation
coefficients of the FGA, measured
using Spearman rank order correla-

tion coefficients, with other balance
appraisals (eg, DGI, TUG) ranged
from .11 to .67.4 Thieme et al6

validated the FGA (German version)
in patients with subacute stroke;
the FGA was shown to correlate
highly with other balance and gait
measures, including the BBS, FAC,
gait speed, and Barthel Index (BI).
The correlation coefficients ranged
from .71 to .93.6 Further study
conducted by Wrisley and Kumar7

tested the concurrent, discrimina-
tive, and predictive validity of the
FGA in community-dwelling older
adults. They showed that the FGA
had moderate to high correlation
with the Activities-specific Balance
Confidence Scale (ABC), BBS, and
TUG. The optimum cutoff score for
the FGA to identify those at risk for
falling was �22.7

Recently, Foreman et al8 evaluated
the predictive validity of the FGA in
patients with PD. They showed that
the FGA has better accuracy in fall
prediction compared with the Uni-
fied Parkinson’s Disease Rating Scale
(UPDRS) and TUG.8 However, the
study did not test the content validity
of the FGA in this population. Fur-
ther study conducted by Leddy et al9

in community-dwelling individuals
with PD showed that the FGA corre-
lated highly with the BBS and corre-
lated moderately with the ABC and
disease severity measures, with the
cutoff score to identify those at risk
for falling being 15/30. The purpose
of our study was to determine the
construct, concurrent, and predic-
tive validity of the FGA in inpatients
with PD.

Method
Participants
One hundred twenty-one patients
with PD (82 male, 39 female; 28.3%
of 428 patients screened) who were
hospitalized in the Movement
Impairment Ward in the Department
of Neurology at Beijing Tiantan
Hospital, Beijing, China, from March

2011 to December 2011 were
enrolled. The primary reason for hos-
pitalization was to optimize treat-
ment (medication adjustments) for
PD. The average inpatient time was
12 to 18 days. Informed consent was
obtained from all patients or their
relatives.

All participants met the following
inclusion criteria: (1) diagnosed with
idiopathic PD according to the diag-
nostic criteria of United Kingdom
Parkinson’s Disease Society Brain
Bank,10 (2) able to stand still without
support for at least 1 minute, and
(3) Mini-Mental State Examination
(MMSE) score �24. Individuals with
the following criteria were exclud-
ed: (1) diagnosed with secondary
Parkinson syndrome or Parkinson-
plus syndrome, (2) inability to walk
at least 10 m without physical assis-
tance or walking aids (no participant
was allowed the use of a walking
assist device), and (3) presence of a
comorbidity affecting motor func-
tion (eg, stroke, amputation, visual
impairment).

Measurement
All participants were assessed with
the following 10 measures: (1) FGA,
(2) BBS, (3) FAC, (4) TUG, (5) ABC,
(6) Movement Disorder Society–
sponsored revision of the Unified
Parkinson’s Disease Rating Scale–
Motor Examination (MDS-UPDRS-3),
(7) BI, (8) fast walking speed, (9)
modified Hoehn and Yahr scale, and
(10) falls. These measures were
selected because they are commonly
used in the clinic for evaluation of
gait, balance, walking, movement,
functional ability, disease severity,
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and activities of daily living. The reli-
ability and validity of some of the
scales were evaluated in patients
with PD or in other populations, as
detailed below.

FGA. The FGA reflects balance and
gait ability as described above.

BBS. The BBS is a 14-item test of
balance. Each item is rated from 0
(signifying the poorest balance) to 4
(signifying the best balance), with a
perfect total score of 56.11,12 Leddy
et al9 reported test-retest and interra-
ter reliability for the BBS in patients
with PD to be .80 and .95, respec-
tively. Internal consistency of the
BBS was 0.88 in another study in
patients with PD.13 The BBS had
moderate to high correlation with
the modified Hoehn and Yahr scale,
MDS-UPDRS, MDS-UPDRS-3, ABC,
and Balance Evaluation Systems Test
(BESTest) (r�.63–.87), with the cut-
off score to identify those at risk for
falling of 47/56 in patients with PD.9

FAC. The FAC is a 5-point ordinal
scale (0–4 points) walking test, with
a higher score signifying better walk-
ing ability.14 Reliability and validity
in people with PD are not yet known
for the FAC.

TUG. The TUG measures basic
mobility skills. It includes a sit-to-
stand element and walking 3 m, turn-
ing, and returning to a chair. The
measured outcome is the time (in
seconds) taken to complete the
entire sequence.15 Test-retest reli-
ability and interrater reliability of the
TUG were high in patients with PD
(intraclass correlation coeffi-
cient�.87–.99) in the study by Mor-
ris et al.16 The TUG had moderate to
high correlation with the MDS-
UPDRS, MDS-UPDRS-3, fast gait
speed, and BBS in patients with PD
(r�.50–.78) in the study by Brusse
et al.13

ABC. The 16-item ABC was admin-
istered as a questionnaire that mea-
sures an individual’s self-perceived
confidence in his or her balance. Par-
ticipants rated their confidence in
maintaining their balance while per-
forming 16 activities of daily living.
The ABC ranges from a scale of 0%
(no confidence) to 100% (total con-
fidence).17 In the study by Steffen
and Seney,18 test-retest reliability of
the ABC was .94 and internal consis-
tency was above .95 in patients with
PD. The ABC had moderate to high
correlations with the BBS, FGA, and
BESTest in patients with PD (r�.64–
.76).9

MDS-UPDRS-3. The MDS-UPDRS-3
is the motor section subscale of the
MDS-UPDRS and has been shown to
evaluate the severity of PD as well as
physical disability. It includes mea-
sures of rigidity, gait, tremor, hand/
arm and leg movements, speech, and
facial expressions, with a lower
score showing greater ability.19–21 In
previous studies, the interrater reli-
ability of the MDS-UPDRS-3 was
.82,22 and the internal consistency
value was above 0.92 in patients
with PD.23 Leddy et al9 reported that
the MDS-UPDRS-3 correlated moder-
ately to highly well with the ABC,
BBS, and BESTest in patients with PD
(r�.52–.76).

BI. The BI is a measure of activity
of daily living. A higher score indi-
cates better ability, with a maximum
score of 100.24,25 Reliability and
validity in people with PD are not yet
known for the BI.

Fast walking speed. Fast walking
speed test was measured (in meters
per second) using a 10-m walk. Each
participant was given 2 trials, and
the final fast walking speed result
was the average of the 2 trials. In the
study by Steffen and Seney,18 test-
retest reliability of fast walking speed
was .97 in patients with PD. Fast
walking speed correlated fairly to

moderately with the MDS-UPDRS,
MDS-UPDRS-3, and TUG in patients
with PD (r�.31–.69) in the study by
Richards et al.22

Modified Hoehn and Yahr scale.
The modified Hoehn and Yahr scale
was designed to evaluate the severity
and staging of PD, with a higher
score indicating more impairment.26

The modified Hoehn and Yahr scale
has high Spearman correlations with
standard PD rating scales such as the
UPDRS, Columbia University Rating
Scale, Northwestern University Dis-
ability Scale, and Extensive Disability
Scale.27

Falls. A fall was defined as an
unplanned event when a person’s
body is lower than his or her stand-
ing height and is in physical contact
with the ground, another surface, or
other person. Falls were further clas-
sified as explained or unexplained.
Explained falls were caused by walk-
ing on slippery ground, tripping over
an obstacle, or some other identifi-
able reason. Unexplained falls
included all other falls.7 In the cur-
rent study, we did not include
explained falls because they may not
have been specific to disease state
and reasonably may have happened
in an individual who was healthy.

In the evaluations of the FGA, BBS,
FAC, ABC, BI, and fast walking
speed, higher scores indicate better
ability of movement and walking,
whereas in the MDS-UPDRS-3, TUG,
and modified Hoehn and Yahr scale,
lower scores indicate better ability.

Evaluation Procedures
Patient characteristics were
recorded upon admission. Evalua-
tions of functional scales were con-
ducted in the rehabilitation room of
the Department of Neurology at Bei-
jing Tiantan Hospital. All participants
underwent standard evaluations per-
formed by a designated licensed
physical therapist who had received

Functional Gait Assessment in Patients With Parkinson Disease

394 f Physical Therapy Volume 94 Number 3 March 2014



FGA training and had practiced the
FGA on 2 adults who were healthy
and 2 patients with PD. The standard
evaluations were conducted in the
following order: FGA, BBS, FAC,
TUG, ABC, MDS-UPDRS-3, BI, fast
walking speed, and modified Hoehn
and Yahr scale. The standard evalua-
tions were completed within one
session in 1 day, 24 to 48 hours after
hospital admission. The FGA was
conducted in the “on” medication
phase (approximately 1 hour after
taking anti-PD medications). The
standard evaluation time was to 30 to
60 minutes. If a patient felt tired dur-
ing the assessment, he or she was
allowed to have a 5- to 10-minute
rest. Questionnaires such as the ABC
also allowed a patient to take a brief
break. Adjustment of anti-PD medica-
tion, including dosage and schedule
changes for all participants,
occurred after completion of all stan-
dard evaluations.

Six months after discharge, one
follow-up telephone interview was
conducted to collect data on the inci-
dence of subsequent falls. The tele-
phone interview was conducted by a
single trained clinical research coor-
dinator who was unaware of the
baseline assessment results. The
interviewer first explained the defi-
nition of a fall to a patient or care-
taker and then asked whether a fall
event had occurred during the pre-
ceding 6-month period. If a fall
occurred, detailed information about
the fall was collected from the
patient or caretaker. The interviewer
then made a determination as to
whether the fall had a clear cause or
was unexplainable. A faller was
defined as a patient with at least one
unexplained fall.

Data Analysis
All analyses were performed using
SPSS version 17.0 (SPSS Inc, Chicago,
IL). Prior to the study, a sample size
of 81 was set to have sensitivity,
specificity, and receiver operating

characteristic (ROC) curves by esti-
mating a 30% faller rate, with a con-
fidence interval (CI) width of 0.20
and a 95% confidence level.9,28 Over-
all alpha level of significance was set
at P�.05. Because of the normal dis-
tribution of participants’ ages but non-
normal distribution of FGA scores (as
assessed with the Kolmogorov-
Smirnov test), independent-samples t
tests for patient age and Mann-
Whitney U tests for FGA score, respec-
tively, were performed between male
and female participants.

For construct validity, Kaiser-Meyer-
Olkin (KMO) and Bartlett tests of
sphericity were performed to deter-
mine suitability of data for factor
analysis. Using principal component
analysis, factors with a KMO eigen-
value over 1 were extracted, and fac-
tor loadings were analyzed through
orthogonal rotation method that
maximizes variance of the trans-
formed elements. The variance of
each factor and the variance of the
sum of all of the factors were ana-
lyzed. The higher the variance, the
greater the explanatory power of the
measurement tool (the greater the
construct validity) will be.4

Concurrent validity was calculated
by Spearman correlation coeffi-
cients. Correlations were deter-
mined between the FGA total score
and the BBS, FAC, TUG, ABC, MDS-
UPDRS-3, BI, fast walking speed, and
modified Hoehn and Yahr scale. Cor-
relation coefficient values were clas-
sified as follows: .00–.25�little to
no relationship, .25–.50�fair corre-
lation, .50–.75�moderate correla-
tion, and .75–1.00�high correla-
tion.9 To maintain an alpha level of
.05, a Bonferroni correction for mul-
tiple comparisons required a P value
of .006 (P�.05/8).

For predictive validity, the ROC
curve of the FGA was drawn accord-
ing to the fall information, and the
area under the curve (AUC) was cal-

culated. The AUC was used to eval-
uate the effectiveness of the FGA in
classifying fall risk. The greater the
AUC, the better the test is in predict-
ing the fall risk (0.5�occasional,
0.5–0.7�low correctness, 0.7–0.9�
moderate correctness, 0.9–1.0�
high correctness, and 1.0�perfect
correctness).29,30 Sensitivity is the
ratio of the number of patients pre-
dicted to fall by the FGA to the actual
number of patients who reported a
fall event. Specificity is the ratio of
the number of patients predicted not
to fall based on the FGA scores to the
actual number of patients who did
not report a fall event (likelihood
ratio�sensitivity/(1�specificity). The
maximum point of the Youden
Index (Youden Index�sensitivity�
specificity�1) was the best cutoff
point, which was regarded as the
standard of prediction of falling by
the FGA.

Role of the Funding Source
The study was supported by Capital
Health Research and Development
of Special, Beijing, China (grant no.
2011-2004-01).

Results
Participant baseline characteristics,
FGA scores, modified Hoehn and
Yahr scale scores, and fall informa-
tion are shown in Table 1. The box-
and-whiskers plot of FGA scores
for all enrolled participants is shown
in Figure 1. Thirty-two participants
reported a total of 146 falls, with 4
incidences of explained falls and 142
incidences of unexplained falls
(median�3, range�1–14). Thirty-
one participants (25.6%) reported
unexplained falls during the 6
months after discharge, and 90 par-
ticipants (74.4%) did not report falls.

As the number of male participants
was approximately twice that of
female participants (82 versus 39),
significance tests were performed on
age and FGA scores between the 2
groups. The results suggested that
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there were no significant differences
in age and FGA scores between the
male and female groups (t�0.14;
Mann-Whitney U test�1,290.50;
both P�.05).

Construct Validity
The significant results from the KMO
test (KMO�0.90, P�.001) and the
Bartlett test (sphericity �2 value�

937.93, P�.001) suggested suitabil-
ity for factor analysis.31 One com-
mon factor was extracted through
the principal component method,
with an eigenvalue of 6.40. This
common factor cumulatively
explained 64.0% of the total vari-
ance. Ten individual items of the
FGA were all loaded to this factor,
and factor loadings ranged from

0.72 to 0.85 (eTable, available at
ptjournal.apta.org).

Concurrent Validity
Correlation coefficients for the FGA
compared with other measures of
balance ranged from .57 to .85
(Tab. 2). The FGA was significantly
correlated with the BBS, FAC, TUG,
ABC, MDS-UPDRS-3, BI, fast walking
speed, and modified Hoehn and Yahr
scale (P�.001), indicating a moder-
ate to strong correlation between
the FGA and the other measures.

Predictive Validity
The ROC curve of the FGA scores is
shown in Figure 2. The AUC was
0.84 (95% CI�0.77–0.91, P�.001).
The maximum cutoff point for the
Youden Index was 18; therefore, the
cutoff point for predicting falls with
the FGA was 18. When the FGA
score was �18, the sensitivity of the
FGA was 80.6%, and the specificity
was 80.0%; the positive likelihood
ratio was 4.03; the false-positive rate
was 0.20 (1�specificity); and the
false-negative rate was 0.19 (1�sen-
sitivity). The total number of partic-
ipants with a FGA score �18 was 43.
Among them, 25 participants had
falls, with a positive predictive value
of 58.1% (25/43). The total number
of participants with an FGA score
�18 was 78. Among them, 72 partic-
ipants did not fall and had a negative
predictive value of 92.3% (72/78)
(Tabs. 3 and 4).

Discussion
In patients with PD, it is vital to
assess balance and recognize those
patients who are at risk for falling in
order to provide early and appropri-
ate treatment. This study provides
supportive evidence that the FGA is
a good scale to effectively measure a
common factor—in this case, func-
tional gait status in patients with PD.
In the evaluation of the FGA, corre-
lation coefficients for the FGA com-
pared with other measurement
scales ranged from .52 to .85, and

Table 1.
Participant Baseline Characteristics, Functional Gait Assessment (FGA) Scores,
Modified Hoehn and Yahr Scale Scores, and Fall Informationa

Measure Values

Sex (n)

Male 82

Female 39

Age (y)

X 61.9

SD 10.8

Range 41–81

Duration of disease (y)

Median 3.0

25th, 75th percentiles 2.0, 5.0

Range 0.5–39

FGA score

All participants (n�121)

Median 22

25th, 75th percentiles 15, 26

Range 0–3

Fallers (n�31, 25.6%)

Median 14

25th, 75th percentiles 10, 18

Range 0–25

Nonfallers (n�90, 74.4%)

Median 24

25th, 75th percentiles 20, 27

Range 0–30

Modified Hoehn and Yahr scale score (n)

1.0 28

1.5 33

2.0 16

2.5 13

3.0 18

4.0 13

a When data were normally distributed, averages (SD) were reported; when data were not normally
distributed, medians (25th, 75th percentiles) were reported.
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the strength of correlation was mod-
erate to strong. We concluded that
the FGA has good predicative valid-
ity for falls (FGA score of 18 being
the cutoff point for predicting falls),
with acceptable sensitivity and
specificity.

Construct Validity
Construct validity refers to how well
a measurement tool is capable of
measuring the theoretical concept
being investigated and to the num-
ber of dimensions that the score can
explain.32 Assessment of construct
validity involves major factor analysis
and aims to identify scale potential
structure and to reduce the number
of items. Wrisley et al4 tested the
construct validity of the FGA in
patients with vestibular disorders
and found 3 extracted factors that
may represent separate domains of
the scale. In this study of patients
with PD, we found that all 10 items
of the FGA measured one common
factor, which was functional gait sta-
tus. Generally, a minimum of 60.0%
variance is necessary for satisfactory
accomplishment.33 The common fac-
tor in this study accounted for 64.0%
of the variance, providing sufficient
evidence that the FGA has good con-
struct validity in patients with PD.

Concurrent Validity
We also analyzed concurrent validity
of the FGA, which is a type of
criterion-related validity. Concurrent
validity examines the degree of
closeness between the scale in ques-
tion and another standard measure-
ment or the “gold standard.” We
selected several scales that are com-
monly used in the clinic and have
been tested for their reliability and
validity as standard measures. Our
results showed that the correlation
coefficients for the FGA compared
with other measures ranged from .57
to .85, indicating their strength was
moderate to strong.9 Of these scales,
the FGA showed the strongest corre-
lations with the BBS and FAC (.85

and .78, respectively), as the core
contents in these scales are similar to
those assessed with the FGA. This
finding is consistent with the find-
ings of the study by Leddy et al,9 in
which the correlations for the FGA
compared with the BBS, ABC, MDS-
UPDRS-3, and modified Hoehn and
Yahr scale were .78, .71, .70, and
.67, respectively, in patients with

PD. These values are similar to those
we report for the present study (.85,
0.72, .66, and .70, respectively).
These results provide sufficient evi-
dence to support the use of the FGA
for assessment of balance and gait in
patients with PD.

Conversely, the FGA had the lowest
degree of correlation (.57) with the

Figure 1.
Box-and-whiskers plot of the Functional Gait Assessment (FGA) scores for nonfallers
(n�90), fallers (n�31), and all participants (n�121).

Table 2.
Correlation Between the Functional Gait Assessment (FGA) and Other Measuresa

Measure
X (SD)/Median

(25th, 75th Percentiles)
Correlation
Coefficientb

BBS 51.0 (45.5, 55.0) .85

FAC 4 (3, 5) .78

TUG (s) 12.0 (9.0, 16.0) .57

ABC 90.0 (65.9, 100.0) .72

MDS-UPDRS-03 28.11 (13.50) .66

BI 100.0 (85.0, 100.0) .69

Fast walking speed (m/s) 1.08 (0.40) .73

Modified Hoehn and Yahr scale 1.5 (1.5, 3.0) .70

a When data were normally distributed, averages (SD) were reported; when data were not normally
distributed, medians (25th, 75th percentiles) were reported. BBS�Berg Balance Scale, FAC�Functional
Ambulation Category, TUG�Timed “Up & Go” Test, ABC�Activities-specific Balance Confidence Scale,
MDS-UPDRS-3�Movement Disorders Society-sponsored revision of the Unified Parkinson’s Disease
Rating Scale–Motor Examination, BI�Barthel Index.
b P�.001, df�119.
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TUG. One possible explanation for
this low degree of correlation is that
TUG measures a single functional
task that records only the time it
takes for a patient to stand up from a
chair, walk, and then return to sitting
in the chair. It does not reflect other
characteristics of balance and gait
disorders such as stepping over an
object, standing with one leg, step-
ping up and stepping down, stand-
ing on a narrow support area, or
walking. These results suggest that
the FGA can provide a more compre-

hensive view of gait and balance
than the TUG.

Predictive Validity
Clinical perspective needs to be
taken into account when consider-
ing what is the appropriate cutoff
score for identifying those at risk for
falling. Inappropriately high specific-
ity will cause an increase in false-
negative rate, resulting in missing
individuals who are at risk for falling.
Conversely, inappropriately high
sensitivity can lead to a high false-

positive rate, which may result in
unnecessary intervention. Based on
the findings of our study of patients
with PD, we propose an FGA cutoff
score of �18/30 for identifying
those at risk for falling, with an AUC
of 0.84 and a positive likelihood ratio
of 4.03. The AUC suggests that the
FGA had an 84% chance of making a
correct prediction of falls using this
cutoff, and patients with an FGA
score of �18 would be 4 times as
likely to have a fall compared with
those with an FGA score of �18.

Wrisley and Kumar7 proposed an
FGA score of �22/30 as an effective
cutoff for predicting fall risk in
community-dwelling older adults.
Although an FGA score of �20/30
(AUC�0.92, sensitivity�100%, spec-
ificity�83%, and positive likelihood
ratio�5.8) (Tab. 4) provided the
optimum metrics in identifying older
adults who had unexplained falls,
they argued that clinicians should
use a more conservative criterion
score of �22/30 to lead to earlier
intervention.7 Leddy et al,9 in their
study of community-dwelling indi-
viduals with PD, suggested an FGA
cutoff value of 15/30 (AUC�0.80,
sensitivity�72%, specificity�78%,
and positive likelihood ratio�3.24)
(Tab. 4) for identifying those at risk
for falling.9

The differences in cutoff values in
the current study and the studies by
Wrisley and Kumar7 and Leddy et al9

may be explained, at least partially,
by the differences in patient popula-
tions, sample sizes, and methods of
assessment. To our knowledge, our
study is the largest study to date to
validate the FGA. Wrisley and
Kumar’s research was conducted in
community-dwelling older adults.
Additionally, their definition of a fall
was more stringent than ours in that
they defined a “faller” as a patient
who reported 2 or more unex-
plained falls. Therefore, a certain
number of patients who sustained

Table 3.
Fall Prediction by the Functional Gait Assessment (FGA)

Variable Fallers Nonfallers Total

FGA score �18 25 18 43

FGA score �18 6 72 78

Total 31 90 121

Figure 2.
Receiver operating characteristic curve for the Functional Gait Assessment score to
predict falls. Area under the curve�0.84 (95% confidence interval�0.77–0.91),
P�.001.
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only a single fall were not classified
as fallers as they were in our study.
In Leddy and colleagues’ study, the
participants were community-
dwelling patients with PD. In their
study, a faller again was defined as
someone who reported 2 or more
falls in the previous 6 months, with-
out further distinguishing explained
or unexplained falls. It is possible
that patients with explained falls
were counted as fallers, which may
have contributed to the different
results from our study. On the other
hand, the adjustment of anti-PD med-
ications after the FGA evaluation in
our study may have improved
patients’ balance and gait function.
These improvements may have led
to a different cutoff score for identi-
fying fallers, with those scoring
higher than 18 points during our
testing potentially being at a higher
risk for falling. The current study
was undertaken during the clinically
defined “on” medication phase (1
hour after taking anti-PD medica-
tion). Foreman et al8 showed differ-
ent assessment results when per-
formed during clinical “on” versus
“off” medication states. Physicians
and therapists should be aware of
the testing conditions.

Falls often occur in patients with PD,
resulting in serious consequences
such as bone fractures and traumatic
brain injury, which further increase
morbidity, mortality, and health care
costs as well as the burden on
patients and their families. It is of
great importance to be able to pre-
dict those patients with PD who are
at increased risk for falling. There are
many factors that may affect fall risk
such as lower extremity weakness,
balance disorders, cognitive impair-
ment, visual defects, medication fac-
tors, environmental factors, and care
factors. The current study enrolled
hospitalized patients with PD. Based
on defined inclusion and exclusion
criteria, we were able to exclude
confounding conditions such as dis-

ease or trauma that may affect bal-
ance and gait (eg, stroke, lower
extremity weakness, impaired
vision, cognitive impairment). Evalu-
ation time also was carefully planned
to be 1 hour after a patient took the
anti-PD medication, thus avoiding
the potential effects of the medica-
tion. Additionally, the criteria for
determination of fall excluded
explained falls, thus excluding the
environmental factors and nursing
factors. Overall, the study design
allowed us to exclude various con-
founding factors and to evaluate falls
that are due to balance impairment.
The risk of falling could be increased
in patients with other risk factors
mentioned.

We propose to use an FGA score of
18/30 as a threshold with high sen-
sitivity and high specificity to predict
those at risk for falling in the next 6
months. Physicians and therapists
should be alerted to the risk of falling
and provide appropriate interven-
tion to the patient and caregivers to
prevent falls, such as optimizing PD
medication, offering physical ther-
apy, and providing appropriate
equipment and training. It is worth-

while emphasizing to physicians and
therapists that the FGA threshold
score may be different in other
populations. When the FGA score is
between 18 and 20, there is a high
risk for falling, and appropriate pre-
cautions should be taken to avoid
potentially serious adverse outcomes.

Limitations
One caveat related to the accuracy of
fall incident recall is that patients
were not provided with a logbook
for recording fall events just after
occurrence but rather relied on
memory recall of fall events as recol-
lected during follow-up by tele-
phone interview 6 months after hos-
pital discharge. A patient or
caretaker may not able to recall fall
history accurately due to various rea-
sons such as cognitive and memory
impairment and may be biased to
recall only more recent or serious
falls. As the follow-up period in this
study was 6 months, yet PD is a pro-
gressively degenerative disease of
the nervous system, the conclusions
of this study should not be extended
to a patient’s long-term fall risk. In
our study, the adjustment of anti-PD
medications after the FGA evaluation

Table 4.
Prediction of Falls in This Study and Previous Studiesa

Measure
Current Study

(N�121)
Wrisley and

Kumar7 (N�35)
Leddy et al9

(N�80)

Participants Inpatients with PD Community-dwelling
elderly patients

Nonhospitalized patients
with PD

Follow-up time
occurrence

6 mo after enrollment 6 mo after enrollment 6 mo before enrollment

FGA demarcation
point

18 20 15

AUC 0.84 0.92 0.80

Sensitivity 80.6% 100% 72%

Specificity 80% 83% 78%

Positive likelihood ratio 4.03 5.80 3.24

Positive predictive
value

0.58 0.58

Negative predictive
value

0.92 1.00

a PD�Parkinson disease, FGA�Functional Gait Assessment, AUC�area under the curve.
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may have improved patients’ balance
and gait function, which may have
led to a different cutoff score for
identifying fallers. Future research
may focus on lengthening the
follow-up time and exploring long-
term fall risk as predicted by the
FGA.

Conclusions
The FGA demonstrated good con-
struct validity to evaluate balance
and gait instability in patients with
PD. It showed moderate to strong
correlation with other balance and
gait measures. An FGA cutoff score
of 18/30 provides optimum predic-
tive validity for falls in patients with
PD within the 6 months after hospi-
tal discharge. The FGA is a helpful
tool for physicians and therapists to
evaluate patients with PD and imple-
ment proper clinical and home care.
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