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Abstract

Background: Older breast cancer survivors are at an increased risk of loss of postural balance and accidental falls,
however, the ability of clinical mobility measures to predict falls has not been determined. The purpose of this study
was to examine the prognostic ability, sensitivity, and specificity to predict accidental falls in measures of gait speed and
functional mobility in older breast cancer survivors. Methods: Thirty-four breast cancer survivors 65years and older
performed 3 measures of gait speed (GS) (usual, fast, dual-task) and Timed Up and Go (TUG) (TUG, TUG-Cognitive,
TUG-Manual). Follow-up calls were made 3 months after testing to track falls. Results: The area under the curve
(AUC) was below 0.5 for all GS measures, indicating poor predictive ability and all GS measures had low sensitivity
and specificity to predict falls. All TUG measures had AUC values above 0.5. The cutoff score with the best sensitivity/
specificity to predict falls was: TUG-Cognitive= | 1.32seconds, Sens=0.64, Spec=0.80; TUG-Manual=9.84 seconds,
Sens=0.71, Spec=0.65. Conclusion: When assessing fall risk in older breast cancer survivors, performance on the
TUG and TUG-Cognitive are able to predict falls.
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Introduction older cancer survivors, slowed GS is a significant predictor
of early death.'® Speeds between 0.6 and 0.8 m/s have been
determined as the cut-offs for increased fall risk in commu-
nity-dwelling older adults.!® Although some studies in older
cancer survivors have reported mean GS above 1.0m/s,!*13
it is unknown if the cutoff speeds reported in the geriatrics
literature for falling should be used for older cancer survi-
vors as they often have sensory or balance impairments that
increase their fall risk.>>’” Additionally, GS is measured in a
number of different ways including usual or normal walk-
ing speed, fast GS, and with the inclusion of a secondary
cognitive task, known as dual-task GS. Despite having
established validity and reliability in older cancer survi-
vors,” the sensitivity and specificity thresholds of the GS

Falls are a major cause of injury and death in older adults.'
Older breast cancer survivors are at an increased risk of
falls and fall-related injuries due to multiple sequelae of
cancer and its treatment.>* Chemotherapy-induced periph-
eral neuropathy causes sensory deficits in the lower extrem-
ities, often leading to impaired balance and altered walking
patterns in breast cancer survivors.>® Muscle weakness and
fatigue are also common deficits that impair mobility and
balance.? Due to these balance and mobility impairments
and subsequent fall risk, older breast cancer survivors
should be assessed for their risk of falling.>’ Clinical mea-
sures exist to assess mobility and balance in older cancer
survivors.®? Several measures also have established sensi-
tivity, specificity, and cutoff scores to predict falls in older
adults.'12 However, the ability of these measures to predict
falls in older breast cancer survivors has not been reported.

Gait speed (GS) is a measure commonly used in clinical ! !
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measures to predict falls needs to be established for this
population.

The timed up and go (TUGQG) test is another measure often
used in clinical settings and across multiple populations to
assess mobility and dynamic balance. Scores on the TUG
have been identified as a significant predictor of falls in
community-dwelling older adults.'"'? Early studies on the
TUG reported a time of greater than 13.5seconds to have
80% sensitivity and 100% specificity to predict falls in
community-dwelling older adults.!" More recent findings
have found a faster cutoff time of 12.6seconds to have
30.5% sensitivity and 89.5% specificity to predict falls in
community-dwelling older adults.'”> In cancer survivors
longer, or more impaired, TUG completion times are
reported as compared to those without history of cancer.'*1¢
Two additional versions of the TUG exist which have been
used to predict falls, including the TUG-Cognitive where a
secondary cognitive task is performed during the measure,
and the TUG-Manual. Similar to GS, the validity and reli-
ability of the 3 TUG measures have been established in
older cancer survivors,” but the prognostic ability to predict
falls and the cut-off scores with the highest sensitivity and
specificity have not been reported.

Although clinical measures exist to assess mobility and
balance in older cancer survivors, studies describing their
ability to predict falls are lacking. Establishing cut-off
scores along with the sensitivity and specificity of these
tools would add to the clinical utility of these measures to
identify falls risk and to develop interventions to mitigate
risk. Therefore, the purpose of this study was to examine
the prognostic ability, sensitivity, and specificity to predict
falls of Usual GS, Fast GS, Dual-task GS and 3 versions of
the TUG (TUG, TUG-Cognitive, TUG-Manual) in older
breast cancer survivors.

Methods
Study Population

Participants in this study were selected from a larger study
of mobility, balance, and cognitive measures in community-
dwelling older cancer survivors.”!” Inclusion criteria for
that study included being age of 65 years or more, English
speaking, having a medically confirmed diagnosis of breast,
lung, prostate or colorectal cancer, primary cancer treat-
ment completion at least 3 months prior to testing, and being
able to get up from a chair, stand, and walk 50 ft with or
without the use of an assistive device. Only data from breast
cancer survivors were used in this analysis as they com-
prised the majority of the sample population. Exclusion cri-
teria included reporting a cancer recurrence or metastases, a
history of chronic neurologic condition, more than one can-
cer diagnosis (excluding skin cancer), acute illness or hav-
ing an unstable medical condition. We did not screen for the

presence of chemotherapy induced peripheral neuropathy
(CIPN) nor include it as inclusion or exclusion criteria.
Human subject institutional review board approval was
obtained from the University of Michigan (HUMO00137566).

Gait Speed Measures

GS was measured using the 10-m walk test, which con-
sisted of a 5-m acceleration and deceleration zone on each
end of a 10-m testing zone. Timing began when the partici-
pant crossed the line marking the end of the acceleration
zone and stopped when they crossed the line marking the
beginning of the deceleration zone. Usual GS was measured
first, during which the participant was instructed to walk at
their normal walking speed. Dual-task GS was measured
next. During this test, the participant was instructed to walk
at their normal walking speed while reciting the alphabet
out loud and skipping every other letter. Fast GS was mea-
sured last in this sequence and during which the participant
was instructed to walk as fast as possible over the same
10-m distance without becoming unsteady or running. Each
GS measure was performed twice and the average speed
was calculated in meters/second.

TUG Measures

For the TUG, the participant was required to stand up from
a chair, walk 3 m and touch a line on the floor, walk back to
the chair and sit down.’ A demonstration of each TUG mea-
sure was completed by the examiner prior to having the par-
ticipant complete the measure. For all 3 TUG measures,
timing began when the tester said “go” and stopped when
the participant made contact with the chair as they sat down.
Each measure was performed twice and the average time
was calculated. TUG was completed first. TUG-Cognitive
was completed next and for this test the participant was
instructed to count down out loud by subtracting 3 from a
random number between 20 and 100 while completing the
TUG. They were instructed to continue the test even if they
made a subtraction error. TUG-Manual was the last of the 3
TUG measures completed which required the participant to
pick up a partially filled cup, carry it as they completed the
TUG, and set it back down before sitting.

Prospective Falls Assessment

After gathering baseline data, participants were told that
they would receive a follow up phone call from the research
team 3 months after the testing session. They were informed
to document on a calendar if they experienced a fall. During
the follow up call, the research team member asked the par-
ticipant if she had fallen within the previous 3 months. To
improve recall, a date was referenced (eg, “have you fallen
since October 1st?”) A fall was defined as a loss of balance
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which resulted in a person coming to rest inadvertently on
the ground or floor or other lower level.'®

Other Measures

Other data gathered at baseline included general demo-
graphic information, medical history which was used to cre-
ate a comorbidity index, cancer related medical history, and
anthropometric information to calculate body mass index
(BMI). The Functional Comorbidity Index (FCI) was used
to represent the number of comorbidities present in the pop-
ulation. FCI is a sum of 18 self-reported comorbid condi-
tions with a score of 0 to 18 with higher scores indicating
greater comorbidity."®

Data Analysis

Participants who fell at least once during the 3-month
follow-up period were defined as fallers and assigned to the
Falls Group. Those who did not fall were defined as non-
fallers and assigned to the No Falls Group. Mean values for
continuous variables were compared between groups using
independent t-tests while categorical data was compared
using Chi-squared tests.

The ability of the GS and TUG measures to predict falls
was first examined using Receiver Operating Characteristic
(ROC) curves with the Area Under the Curve (AUC) ana-
lyzed. Higher AUC values indicate that a measure is able to
predict falls ranging from 0.5 where the test is no better than
chance, up to 1.0 indicating that the test has a 100% ability
to predict falls. For measures for which AUC values were
>0.50, the score with the highest sensitivity and specificity
to predict falls was determined and that score was used in
regression modeling.

Then, to examine how each of the measures contributes
to falls we completed logistic regression analyses for each
of the GS and TUG measures. We examined this first using
the continuous scores of the measures and then we used the
sensitivity/specificity cutoff score from the ROC analysis.
Unadjusted logistic regression models were created to cal-
culate the odds ratio (OR) with 95% confidence intervals
for the continuous scores of TUG, TUG-Cognitive, and
TUG-Manual and for the cutoff scores for each measure.
Then, adjusted multivariate logistic regression models were
created controlling for comorbidity. Statistical significance
was set at P <<.05 and SPSS version 26 (IBM Corporation,
Armonk, NY) was used for all analyses.

Results

A total of 34 older breast cancer survivors participated.
Mean age was 72.62 = 5.66 years with the majority being
white (91.2%) and having a college degree (70.6%).
Complete demographic information can be found in Table 1.

At the 3-month follow up, 14 participants (41.2%)
reporting falling and were allocated to the Falls Group
while 20 (58.8%) had not fallen. The number of falls ranged
0to 3 with amode of 1. In the falls group, 11 people reported
falling once, 1 fell twice, and 2 fell 3 times within the
3-month follow up. Groups did not significantly differ in
age, race, level of education, comorbidity, BMI, number of
medications, time since cancer diagnosis, cancer stage at
diagnosis, or cancer treatment. Members of the No Falls
Group had walked faster and had better TUG performance
than the Falls Group with significantly faster times on the
TUG (P <.05) and fast GS (P <.05).

ROC Curve

Usual GS and dual-task GS had an AUC of 0.27 (P=.12)
and 0.34 (P=.10), respectively. Fast GS had an AUC of
0.25 (95% CI1=0.00-0.57), which was significant (P=.02).
TUG had the highest AUC (0.76) at a 95% CI of 1.08-2.35;
P=.02. The AUC was 0.69 for both TUG-Cognitive (95%
CI=0.98-1.57, P=.07) and TUG-Manual (95% CI=0.96-
1.67, P=.10).

Sensitivity and Specificity

The sensitivity and specificity of each measure at differ-
ent cutoffs can be found in their corresponding table
(Tables 2 and 3). Measures of GS did not have cutoff
scores with appropriate sensitivity and specificity for pre-
dicting falls (Table 2). The TUG cutoff score of 9.37 sec-
onds had a sensitivity=71% and specificity 80%. The
score on the TUG-Cognitive with the best sensitivity/
specificity was 11.32seconds (Sens=64%, Spec=280%)
while a score of 9.84 seconds on the TUG-Manual had a
sensitivity =71% and specificity=65% (Table 3).

Prediction of Falls

The regression analysis results to predict falls can be found
in Table 4. For the gait speed measures, fast GS was the
only significant predictor of falls in both the unadjusted and
adjusted models (OR=0.02, 95% CI=0.00-0.71, P=.03).

Of the 3 TUG measures, TUG was the only significant
predictor of falls in both unadjusted and adjusted models.
However, when the 9.37 seconds cutoff time for TUG was
used in regression modeling to predict falls, this resulted in
greater odds ratios in both the unadjusted (OR=10.00, 95%
CI=2.03-49.29, P=.005) and adjusted (OR=8.90, 95%
CI=1.73-45.70, P=.009) models.

The TUG-Cognitive cutoff time of 11.32seconds was
also a significant predictor of falls in both models, and
stronger after controlling for covariates (Adjusted:
OR=7.95, 95% CI=1.52-41.68, P=.01). In unadjusted
modeling, the TUG-Manual cutoff time of 9.84 seconds was
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Table |. Demographic Information for Entire Sample, Falls Group, and No Falls Group (N =34).

Entire sample Falls group No Falls group
Variable N=34 N=14 N=20 P-value
Age, y 72.62 (5.66) 72.86 (4.17) 72.45 (6.61) .84
Race
White 31 (91.2%) 12 (85.7%) 19 (95.0%) .16
Black/African American 2 (5.9%) 2 (14.3%) —
Asian I (2.9%) — I (5.0%)
Highest level of education
High school 3 (8.8%) 2 (14.3%) I (5.0%) .69
Some college 7 (20.6%) 3 (21.4%) 4 (20.0%)
Associate degree 3 (8.8%) 2 (14.3%) | (5.0%)
Bachelor’s degree 7 (20.6%) 2 (14.3%) 5 (25.0%)
Beyond Bachelor’s degree 14 (41.2%) 5(35.7%) 9 (45.0%)
Functional comorbidity index 2.59 (1.76) 3.21 (1.48) 2.15 (1.84) .08
BMI, kg/m? 28.08 (5.17) 30.08 (6.54) 26.88 (3.91) .15
Number of medications 6.35 (4.05) 7.50 (4.75) 5.55 (3.38) A7
Years since diagnosis 12.53 (10.55) 12.79 (12.19) 12.35 (9.57) 91
Cancer stage at diagnosis
0 3 (8.8%) 1 (7.1%) 2 (10.0%) 73
| 18 (52.9%) 7 (50.0%) Il (55.0%)
2 9 (26.5%) 2 (35.7%) 4 (20.0%)
Unknown 4 (11.8%) I (7.1%) 3 (15.0%)
Cancer treatment type
Chemotherapy 14 (41.2%) 8 (57.1%) 6 (30.0%) .37
Radiation I'1(32.4%) 4 (28.6%) 7 (35.0%)
Surgery 8 (23.5%) 5 (14.3%) 6 (30.0%)
Hormonal therapy 1 (2.9%) — I (5.0%)
Usual GS, m/s 1.16 (0.20) 1.08 (0.18) 1.21 (0.20) .06
Fast GS, m/s 1.65 (0.32) 1.48 (0.25) 1.76 (0.32) .009
Dual task GS, m/s 1.08 (0.26) 0.99 (0.27) 1.14 (0.24) 99
TUG, s 9.41 (2.27) 10.59 (2.26) 8.58 (1.92) .009
TUG-Cognitive, s 11.00 (3.32) 12.29 (3.50) 10.11 (2.95) .06
TUG-Manual, s 10.31 (2.87) 11.34 (2.80) 9.59 (2.77) .08
Values shown are mean (standard deviation) or number (%).
Abbreviations: BMI: body mass index; GS: gait speed; TUG: timed up and go; s: seconds.
Table 2. Sensitivity and Specificity of Gait Speed Measures.
Speed (m/s) Sensitivity Specificity
Usual Gait Speed =0.85 0.93 0.05
=1.0l 0.57 0.15
=I1.10 0.36 0.20
=1.20 0.21 0.35
=131 0.07 0.70
Fast Gait Speed =1.38 0.79 0.10
=1.50 0.50 0.25
=1.58 0.36 0.35
=1.69 0.21 0.40
=1.74 0.14 0.50
Dual-Task Gait Speed =0.72 0.86 0.05
=0.8I 0.79 0.15
=0.93 0.57 0.20
=1.02 0.50 0.30
=1.20 0.21 0.55
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Table 3. Sensitivity and Specificity of TUG Measures.
Score (s) Sensitivity Specificity
TUG =6.71 1.00 0.15
=7.80 0.93 0.35
=9.37 0.71 0.80
=10.04 0.57 0.85
=I1.35 0.50 0.95
TUG-Cognitive =739 1.00 1.00
=9.99 0.79 0.50
=132 0.64 0.80
=12.93 0.50 0.90
=l6.51 0.14 0.95
TUG-Manual =7.02 1.00 0.15
=8.11 0.93 0.40
=9.84 0.71 0.65
=I1.4| 0.50 0.80
=120l 0.36 0.85
Table 4. Unadjusted and Adjusted Logistic Regression Analysis of Gait Speed and Timed Up and Go Measures to Predict Falls in
Older Breast Cancer Survivors.
Unadjusted analysis Adjusted analysis
Variable B OR 95% Cl P-value B OR 95% ClI P-value
Usual GS -3.77 0.02 0.00-1.41 .07 -3.35 0.04 0.00-2.42 .12
Fast GS -3.66 0.03 0.00-0.57 .02 -3.81 0.02 0.00-0.71 .03
Dual-Task GS -2.41 0.09 0.01-1.65 .10 -2.04 0.13 0.01-2.82 19
TUG 0.47 1.60 1.08-2.35 .02 0.45 1.57 1.05-2.35 .03
TUG, 9.37s cutoff time 2.30 10.00 2.03-49.29 .005 2.19 8.90 1.73-45.70 .009
TUG-Cognitive 0.22 1.24 0.98-1.57 .07 0.19 1.21 0.94-1.55 14
TUG-Cognitive, 11.32s cutoff time 1.97 7.20 1.53-33.84 0l 2.07 7.95 1.52—41.68 0l
TUG-Manual 0.24 1.27 0.96—1.67 .10 0.22 1.24 0.93-1.66 A5
TUG-Manual, 9.84s cutoff time 1.54 4.64 1.06-20.39 .04 1.51 4.55 0.96-21.45 .06

Abbreviations: B: unstandardized beta; OR: odds ratio; Cl: confidence interval; GS: gait speed; TUG: timed up and go; s: seconds.

able to significantly predict falls (OR=4.64, 95% CI=1.06-
20.39, P=.04), however its ability to predict falls was no
longer significant after controlling for covariates.

Discussion

Clinical measures of mobility are used to predict fall risk in
older adults. Due to the unique medical history and physical
impairments of older breast cancer survivors, establishing
cutoff scores of these measures to predict falls is needed in
this population. This study adds to the literature describing
the sensitivity and specificity of measures of GS and TUG
to predict falls in older breast cancer survivors.

In unadjusted and adjusted multivariate regression mod-
eling, fast GS was the only gait measure identified as a sig-
nificant predictor of falls, yet the OR values were quite low
indicating limited ability to predict falls. Further, the AUC

of the ROC curve analysis of 0.25 indicated that this mea-
sure had limited ability to predict falls and a cutoff score
with high sensitivity/specificity was not able to be deter-
mined. Likely this was the result of having mean usual
walking speeds of the population >1.16m/s which is sug-
gested to be faster than normative speeds reported in geriat-
rics literature.!” This suggests that fast, usual or DT GS
measure performance may not be able to predict falls in
older breast cancer survivors and that other measures with
better predictive ability should be considered.

The AUC for the TUG in this study (0.76) was greater
than previous AUC values for the TUG reported in
community-dwelling older adults (AUC=0.58; P=.165)
which indicated that TUG scores were unable to predict
falls at 12-months after baseline measures.?’ These results
suggest that TUG may better predict falls in older breast
cancer survivors, and perhaps more so within a shorter
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time frame. The AUC for TUG-Cognitive was higher in
our sample of breast cancer survivors, yet it was not a sig-
nificant predictor of falls, whereas, TUG-Cognitive scores
were able to significantly predict falls 12-months after
baseline measures.?’ The AUC values of this study demon-
strate moderate accuracy for predicting falls, with the
highest accuracy for the TUG.

When scores were examined as a continuous variable,
only TUG scores were able to predict falls in both the
unadjusted and adjusted models. Continuous scores on the
TUG-Cognitive and the TUG-Manual were not significant
predictors of falls in regression modeling. However, the
cutoff scores for each of the TUG measures with the best
sensitivity and specificity were identified as significant
predictors of falls and had odds ratios that were much
greater. The TUG cutoff of 9.37seconds had a 9X higher
risk for falling, which is a lower time than the 12.7 seconds
cutoff score that has been reported to predict falls in com-
munity-dwelling older women without a cancer history
(Specificity=80%, CI=1.73-45.70).>! TUG-Cognitive
scores greater than 11.32 seconds had a 8 X higher risk for
falling, which is also faster than the 15seconds time that
has been found to predict falls in community-dwelling
older adults.!! Therefore, clinicians should consider using
these cutoff scores as a benchmark to performance on the
measures when assessing falls in older breast cancer
survivors.

Our regression models were not able to account for the
presence of CIPN in the sample, which may have contrib-
uted to more postural instability,>>>* decreased balance
resulting in impaired TUG scores and changes in gait
including slowed GS. As such, we cannot rule out the pos-
sibility that some participants’ mobility and balance perfor-
mance may have been influenced by peripheral neuropathies
and we suggest future studies be completed to examine the
role that CIPN presence and severity may play on TUG per-
formance, gait speed, and falls risk in older breast cancer
survivors.5

Although slow GS has been identified as a significant
predictor of falls in older adults and more impaired usual
and fast GS have been reported in cancer survivors,?* results
from this study suggest that in older breast cancer survivors
falls may be better predicted by using a different measure.
The TUG measures demonstrated better predictive ability
than GS measures, suggesting that falls in this population
may be influenced by more than just walking speed. The
TUG includes walking as well as lower extremity strength
and dynamic balance, providing a more thorough test of
mobility and balance. Furthermore, the TUG-Cognitive
includes a mental component which examines the ability to
dual-task, another skill where decreased performance is
associated with falls.?* Therefore, when choosing a measure
to assess fall-risk in older breast cancer survivors, clinicians

should consider the TUG or TUG-Cognitive rather than GS
measures.

This study was limited in that it included a small sample
of breast cancer survivors, limiting its diversity of age, race,
and cancer type. The participants in this study were commu-
nity-dwelling cancer survivors who performed well on the
mobility measures and whose mean time since last treat-
ment was 12.53 years. Therefore, they may not accurately
represent all older breast cancer survivors and especially
those in the more acute stage of the disease or treatment.
Additionally, they had limited fall history and those who
did fall had variability as some fell more than one time dur-
ing the follow-up period. Lastly, we did not screen for the
presence of CIPN within the recruitment or baseline testing
phases which, if present, may translate into having a popu-
lation with more impaired balance and decreased mobility.
However, despite this limitation, we suggest using the cut-
off values reported as a minimum threshold for fall predic-
tion in older breast cancer survivors with impaired balance,
especially in those a history of CIPN where balance impair-
ments are more pronounced and fall risk increased.

Results of this study indicate that scores on simple
measures of mobility are able to predict falls, however,
mechanisms of balance which comprise the body’s ability
to prevent falling are complex and perhaps understudied
in cancer survivors. Research using more advanced tech-
nologies like force plates or motion capture data may be
useful to describe how components of postural control
translate into risk of falls in older breast cancer survivors,
and specifically when assessing outcomes of fall preven-
tion interventions.?

This study adds to the literature in that it describes tools
that assess falls risk in breast cancer survivors, however if
scores on the included measures in this study are impaired
(longer TUG times or slower GS) follow up interventions
are suggested. Promising evidence describing improved
balance outcomes from task-specific fall prevention exer-
cise programs is emerging in cancer survivors. Multimodal
exercise programs that include aerobic and resistance exer-
cises along with balance training have been reported to
improve balance in cancer survivors.??® This multimodal
approach aligns with the American College of Sports
Medicine recommendations that older adults perform regu-
lar aerobic, resistance and balance training for optimal
physical function.?? However, we urge caution in employ-
ing one type of modality (eg, resistance training alone) to
address fall prevention in older breast cancer survivors,*® as
a comprehensive systematic review of the geriatrics litera-
ture suggests using a multifactorial intervention to address
falls.’! Nevertheless, additional research should be com-
pleted to determine specific types and parameters of exer-
cise to improve balance and decrease fall risk in older breast
cancer survivors.
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Conclusions

When assessing fall risk in older breast cancer survivors,
measures of GS may not accurately predict falls. Clinicians
should consider using TUG measures, specifically the TUG
and TUG-Cognitive, when assessing falls risk in older
breast cancer survivors.
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