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ARTICLE INFO ABSTRACT

Objective: We sought to evaluate the effectiveness of the “Timed Up and Go” (TUG) and the Chair test as screening
tools in the Emergency Department (ED), stratified by sex.
Methods: This prospective cohort study was conducted at a Level 1 Trauma center. After consent, subjects per-

Article history:
Received 5 May 2018
Received in revised form 2 June 2018

Accepted 6 June 2018 formed the TUG and the Chair test. Subjects were contacted for phone follow-up and asked to self-report interim
falling.

Keyw '.)rcls: Results: Data from 192 subjects were analyzed. At baseline, 71.4% (n = 137) screened positive for increased falls

Sex differences . . .

Elderly falls rl_sk based on the '_FUG evaluation, and 77.1% (n = 148) scored below average on the Chair test. There were no

TUG test differences by patient sex.

Chair test By the six-month evaluation 51 (26.6%) study participants reported at least one fall. Females reported a non-
significant higher prevalence of falls compared to males (29.7% versus 22.2%, p = 0.24). TUG test had a sensitivity
0f 70.6% (95% Cl: 56.2%-82.5%), a specificity of 28.4% (95% Cl: 21.1%-36.6%), a positive predictive (PP) value 26.3%
(95% CI: 19.1%-34.5%) and a negative predictive (NP) value of 72.7% (95% CI: 59.0%-83.9%). Similar results were
observed with the Chair test. It had a sensitivity of 78.4% (95% CI: 64.7%-88.7%), a specificity of 23.4% (95% CI:
16.7%-31.3%), a PP value 27.0% (95% CI: 20.1%-34.9%) and a NP value of 75.0% (95% CI: 59.7%-86.8%). No signif-
icant differences were observed between sexes.
Conclusions: There were no sex specific significant differences in TUG or Chair test screening performance. Nei-
ther test performed well as a screening tool for future falls in the elderly in the ED setting.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction alone, the costs for falls for those aged 65 and above to Medicare totaled

Falls remain one of the top 20 most expensive medical conditions
with hospital costs averaging over $30,000 per encounter; in 2015,
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$31 billion [1]. Recent research efforts of fall interventions in older
adults have identified many differences in risk factors associated with
sex in determining geriatric fall risks—in one example, a recent longitu-
dinal study in Age and Aging found that age, depressive symptoms, and
performance on standing balance tests were separate determinants for
men, while incontinence and frailty increased fall risks in women [2].
Another cross-sectional study found unique associations to each sex
such as nutritional risks, osteoporosis and even levels of household in-
come [3].

Contrary to these reported differences, fall risks are clinically
assessed the in the same manner for both sexes. These assessments
tend to be functional in nature despite the limited success in predicting
fall risk [4]. A recent systematic review identified a protective bias to-
wards women needing fall prevention programs more than men
(though increased activity is protective for both males and females),
while males consistently sustain higher death rates and Disability-
Adjusted Life Years (DALYs) lost worldwide [5]. More research is
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required to identify and validate sex differences in fall risk, so that prac-
titioners may be better equipped to assess them.

Serving as the frontline of acute healthcare, the Emergency Depart-
ment (ED) may be an ideal place to recognize these factors and initiate
a pathway for early multidisciplinary interventions. Already, uninten-
tional falls account for about 13.5% of Emergency Department (ED)
visits, a staggering 3 million emergency department visits annually [6,
7]. There is a dearth of studies that seek to identify those at risk of falls
during an encounter, including for non-traumatic visits in the ED.
There has been a call for streamlined screening protocols in the ED for
the geriatric population [8].

The Timed Up and Go Test (TUG) and the 30-Second Chair test are
proposed by the CDC [9, 10] as a means of screening elderly patients
for increased risk for falls. While the TUG test has shown a decreased
performance in females compared to males among the geriatric mild
cognitive impairment (MCI) population [11], the Chair test has not
been evaluated for effectiveness by sex. Neither test has been evaluated
in the ED setting. In this setting, a desirable test would offer an objective
means of screening while being effortless enough to be performed
within the time constrained environment. Such a tool would optimally
assist clinicians in mitigating future morbidity/mortality of their elderly
patients. In this study, we sought to evaluate the effectiveness of the
TUG and Chair test in the ED setting, stratified by sex.

2. Methods

After hospital IRB review and approval, this prospective trial was con-
ducted in the ED of a Level 1 Trauma Center in Northeastern Pennsylvania
with an annual census of over 90,000 adult visits per year. Participants
were screened and included in the study if they were >65 years old,
being discharged from the ED, English speaking, had capacity for consent,
and personally identified a risk factor for falling. Risk factors for falling
were based on Centers for Disease Control (CDC) guidelines [ 12] and
were deemed positive (study inclusive) if a patient reported that they
had either fallen in the last year, worried about falling, or admitted that
they felt unsteady when standing or walking. After obtaining informed
consent, patients were evaluated with the TUG and Chair test.

The TUG test was administered with the participant initially seated
in a chair. The participant was then instructed to stand up from the
seated position, walk in a straight line to a marked point 10 ft from
the chair, turn and walk back to the chair and return to a seated position.
Study personnel timed the participant with a stopwatch, and recorded
in seconds, the time it took from the point of directing the participant
to begin the movement until they returned to the seated position. Par-
ticipants requiring >12 s to complete the TUG test were identified as
at risk for fall as defined by the CDC [9].

The 30-s Chair test was also administered with the participant ini-
tially seated in a chair. The chair utilized for study testing was a standard
17” high chair without armrests. Subjects were instructed to sit in the
middle of the chair, and to place hands on the opposite shoulder crossed
at the wrists. With feet flat on the floor, subjects were instructed to keep
their back straight and arms against chest, and rise to a full standing po-
sition and to return to a seated position, and to repeat this exercise as
many times as possible in 30 s. The total number of completed cycles
of this exercise was counted and recorded by study personnel. Subject
performance was then evaluated by their age and gender group stan-
dards as defined by the CDC [10] as follows:

Age group Men Women
60-64 <14 <12
65-69 <12 <11
70-74 <12 <10
75-79 <11 <10
80-84 <10 <19
85-89 <8 <18
90-94 <7 <4

For analysis participants were considered “below average”, or “at or
above average” if they did not meet, or if they exceeded these criteria,
respectively.

In addition to the TUG and Chair tests, questionnaires were adminis-
tered to the participants to quantify falls risk and to collect information
of covariates that can be associated with falls. Questions were asked re-
lated to overall health, the use of assistive devices to ambulate, and to
quantify the number of falls experienced in the year prior to study
participation.

All study participants were actively followed up by phone for
6 months after their initial ED visit and enrollment in the study. During
this time period, participants were contacted, and were asked to self-
report any falls that had occurred in the months since enrollment. Pa-
tients in the data set who reported falling more than once during the
prescribed 6-month follow up period were counted once.

Descriptive statistics and graphical methods were used to describe
the study population. Relative frequencies and chi-square tests were
used to assess the distributions of participant characteristics by partici-
pant sex. The primary outcome measure was a self-reported fall that oc-
curred between the baseline and six-month evaluation. The outcome
was a dichotomous measure. The two primary independent variables
were the assessments from the TUG test and Chair tests collected at
baseline. Measures of diagnostic performance of these screening
exams were estimated along with 95% confidence intervals. General lin-
ear models with a log-link were used to assess any differences in sensi-
tivity and specificity measures by participant sex. These models used
reported falls by six months as the outcome and gender as the main co-
variate. The association between a self-reported fall at 6-months and
the results of the screening tests were performed using logistic regres-
sion. Additional covariates such as age, sex, falls in the year prior to
the study, self-assessed health status and use of an assistive device
were included in the models to evaluate potential confounding. Addi-
tionally the performance of both Tug and Chair tests was entered into
models continuously in terms of an ROC analysis for risk of future falls
—this was to insure the predictive value of the tests in case the test
was impacted by published thresholds that weren't calibrated for an
ED population. (Appendix) All analyses were performed using Stata
v14.2. (Stata Corporation, College Station, TX).

3. Results

Two hundred participants were enrolled into this study. Of these, 8
were excluded from analysis because they: withdrew consent (n =
3), were lost to follow-up (n = 2), died prior to 6-month follow-up
evaluation (n = 2), or were deemed ineligible after enrollment (n =
1) (See Fig. 1). The resultant sample size was 192 participants. The char-
acteristics of the study sample, stratified by participant gender, are pre-
sented in Table 1. A majority of the participants were female (n = 111,
57.8%). The average age for the sample was 74.4 years (SD = 7.4), with
no differences in age between genders, p = 0.34. Only 37.0% of the sam-
ple assessed their own health as very good or excellent. Over 69% of the
study participants (69.1% male and 69.4% female, p = 0.97) reported a
fall in the previous year. At the baseline evaluation, 71.4% (n = 137)
of the sample screened positive for increased falls risk based on the
TUG evaluation, and 77.1% (n = 148) scored below average on the
Chair test. Results of the evaluations were not different by patient sex.

By the six-month evaluation 51 (26.6%) study participants reported
at least one fall since the baseline evaluation. Females reported a non-
significant higher prevalence of falls compared to males (29.7% versus
22.2%, p = 0.24). Of these 51 participants who reported a fall, 36
(70.6%) failed the TUG test during the baseline evaluation. However,
101 of the 141 participants (71.6%) who did not report a fall failed the
TUG test at baseline, resulting in a sensitivity of 70.6% (95% Cl: 56.2%-
82.5%), a specificity of 28.4% (95% Cl: 21.1%-36.6%), a positive predictive
value 26.3% (95% Cl:19.1%-34.5%) and a negative predictive value of
72.7% (95% CI: 59.0%-83.9%). Similar results were observed with the



R.B. Chow et al. / American Journal of Emergency Medicine 37 (2019) 457-460 459

Withdrew Consent (n=3)

Lost to Follow-up (n=2)

Died prior to 6-month follow-up (n=2)
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6 Month Patients Analyzed
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Fig. 1. Schematic of study population.

Chair test. Of the 51 participants who reported a fall, 40 (78.4%) failed
the Chair test at the baseline evaluation, resulting in in a sensitivity of
78.4% (95% Cl: 64.7%-88.7%), a specificity of 23.4% (95% CI: 16.7%-
31.3%), a positive predictive value 27.0% (95% CI: 20.1%-34.9%) and a
negative predictive value of 75.0% (95% CI: 59.7%-86.8%).

The ROC curve for the performance of the Tug and Chair Test were
both poor, (Areagroc = 0.54 and Areagoc = 0.53 respectively), detailed
results can be found in the Appendix. Sensitivity and specificity and
the percent correctly classified (to assess for potential cutoff points)
can also be found in the Appendix.

No significant differences were observed in screening test perfor-
mance between male and female participants. The differences in sensi-
tivity and specificity for the TUG test observed between male and
female participants were + 11.1% (p = 0.38) and —2.5% (p = 0.74), re-
spectively. The differences in sensitivity and specificity for the Chair test
observed between male and female participants were —1.1% (p = 0.93)
and —10.7% (0.13), respectively. The only factor that was observed to be
associated with a reported fall by the six-month evaluation was a posi-
tive reported personal history of falling in the year prior to the baseline
evaluation. Participants who reported a fall in the year prior to the base-
line evaluation were 2.6 times more likely to report a fall at the six-
month follow-up than those who did not (OR = 2.6; 95% Cl:1.2-5.7).

Table 1
Baseline characteristics of the study population, stratified by participant gender (n = 192).
Overall Male Female p-Value
n=192 n =81 n=111

Age, mean (SD) 744 (7.4) 75.0(79) 74.0(7.1) 034

Self-assessed health
Poor 6 (3.1) 2(2.5) 4(3.6) 0.88
Fair 33(17.2) 16 (19.8) 17 (15.3)
Good 82 (42.7) 35(432) 47(423)
Very good 51 (26.6) 21(25.9) 30(27.0)
Excellent 20 (10.4) 7 (8.6) 13 (11.7)

Use assistive device regularly
No 138(71.9) 60 (74.1) 78 (70.3) 0.56
Yes 54 (28.1) 21(25.9) 33(29.7)

Fall in past year
No 59 (30.7) 25(309) 34(306) 0.97
Yes 133(69.3) 56 (69.1) 77 (69.4)

Tug test
Elevated falls risk 137 (71.4) 60 (74.1) 77 (69.4) 0.48
Normal falls risk 55 (28.7) 21 (25.9) 34 (30.6)

Chair test
Below average 148 (77.1) 66 (81.5) 82 (73.9) 0.22
At or above average 44 (22.9) 15 (18.5) 29(26.1)

When looking at these results stratified by participant gender, the effect
is slightly attenuated in females (OR = 2.0; 95% CI: 0.8-5.1), and mod-
estly larger in males (OR = 4.6; 95% CI: 1.0-21.8). The diagnostic accu-
racy and predictive measures for TUG and Chair test, stratified by
participant gender can be found in Table 2.

4. Discussion

In 2014, at a Society for Academic Emergency Medicine consensus
conference, it was determined that a prioritized research agenda should
include finding the most feasible falls-risk tool for men and women in
the ED setting [13]. Our study indicates that the reliance on using TUG
and Chair tests as a means of predicting fall risk shows limited predic-
tive ability. In our study, simply asking a patient if they have fallen in
the past year was found to be a better screening tool. CDC recommenda-
tions on the evaluation of falls are predicated on considerations other
than the TUG and Chair tests. The other considerations associated with
each gender falling include environmental factors related to age [2, 3].
A more comprehensive approach might include the use of other scoring
methods and evaluative tools in the determination of future falls, as
demonstrated in a retrospective cohort study that used a multifactorial
questionnaire for a more comprehensive assessment [4, 14].

There have been studies that have attempted to delve into the reli-
ability of the original TUG reports. A recent prospective study by Kojima
correlated increasing TUG times with falls among a small group of 259
British elderly patients [15]. That study denoted a high specificity and
specifically correlated a negative predictive value of falls for individuals
who did well with the TUG test. By comparison, our results indicate a
poor association. Of note is that the study populations were recruited
from community dwellers as opposed to an ED setting.

The utility of using TUG in reference to other aspects of elderly func-
tion is much more varied however. A Canadian study by Rockwood
specified what they felt was poor test - retest reliability of the TUG
test [16]. However, the study measured outcomes in comparison of
those who were cognitively impaired versus those who were not in re-
lation to ability to complete activities of daily living instead of fall risk
[16]. A systematic review has also brought into question the utility of
the TUG test [17]. Other studies seem to support the utility of using
the TUG test in quantifying functional mobility as a function of TUG
scoring as noted by Podsiadlo [18].

Another issue with the TUG test has been the lack of an established
international cut-off that differed from the CDC's standard of a positive
result at 12 s [14]. Its use in various studies around the world reports a
cutoff of 12.6 s in England, 13.5 s in Japan, and 14.5 in Spain [15, 19, 20].
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Table 2

Diagnostic accuracy and predictive measures for TUG and CHAIR test, stratified by participant sex.

Group Exam Sensitivity Specificity Positive predictive value Negative predictive value Positive likelihood ratio Negative likelihood ratio
Overall TUG Test 70.6% 28.4% 26.3% 72.7% 0.98 1.04
Chair Test 78.4% 23.4% 27.0% 75.0% 1.02 0.92
Female TUG Test 66.7% 29.5% 28.6% 67.6% 0.95 1.10
Chair Test 78.8% 28.2% 31.7% 75.9% 1.10 0.75
Male TUG Test 77.8% 27.0% 23.3% 81.0% 1.07 0.82
Chair Test 77.8% 17.5% 21.2% 73.3% 0.94 1.27

It was also used as a diagnostic tool in Brazil for normal pressure hydro-
cephalus (NPH) using a cutoff of 16.5 s, with excellent specificity
(0.967) and sensitivity (0.933) [21]. This variability in geographical
standards and uses suggests a possibility that our cutoff was not dis-
criminatory for falls because we have the wrong ‘set point’. However
in our detailed analysis, there did not seem to be a better set point to re-
port. Further analysis at different set points may be warranted in future
studies with a more robust sample. From a public health perspective,
having a predictive and efficient screening tool for use in the ED setting
could have a tremendous effect. While the tools studied herein are inef-
fective in the population studied, further research aimed at finding a
method that is successful is vital.

4.1. Limitations

There are several limitations to be considered in the generalized ap-
plicability of this study. First, the study population screened included
only elderly individuals who were already at risk of falling (as defined
by the CDC) [12]. A possible opportunity exists to expand this study to
be inclusive of all elderly individuals aged 65 and older without such re-
strictions. It is conceivable that the tests would have improved perfor-
mance when applied to an overall ED older adult population at lower
risk of falling. Further, this was a convenience sample of patients who
were enrolled when a study member was present to screen and obtain
consent. Given that there was likely a lack of such members during
night shifts this may also impact the study by excluding patients who
are likely to fall (given adequate lighting is likely a contributor for
falls). The study also excluded those individuals who did not speak En-
glish. Other exclusion criteria were for those who required admission to
the hospital. Further studies could serve to enroll and follow up with
such patients after discharge from the hospital.

A final limitation needs considered. The baseline reported fall rate of
the population as studied was 69% and yet the self-reported fall rate at
6 months was 26%, this suggests that either falls before or after the ED
visits are being reported differently, or that the ED visits and the study
protocol exerted a significant protective effect on future falls. Future
study could be aimed at improving the potential for reporting bias or
corroborating our findings.

5. Conclusions

In our study, the TUG and Chair tests, applied at the given thresholds,
do not add significant additional screening performance when added to
the screen already applied by the inclusion criteria (patients reporting
that they had either fallen in the last year, worried about falling, or ad-
mitted that they felt unsteady when standing or walking). Additionally,
there were no sex specific significant differences in TUG or Chair test
screening performance. Further research to determine what might be
the best tool to predict fall risk in this setting is needed.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ajem.2018.06.015.
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