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ABSTRACT

Background: No study has rigorously explored the characteristics of surgical patients with recent preoperative falls. Our
objective was to describe the essential features of preoperative falls and determine whether they are associated with preopera-
tive functional dependence and poor quality of life.

Methods: This was an observational study involving 15,060 surveys from adult patients undergoing elective surgery. The
surveys were collected between January 2014 and August 2015, with a response rate of 92%.

Results: In the 6 months before surgery, 26% (99% CI, 25 to 27%) of patients fell at least once, and 12% (99% CI, 11 to
13%) fell at least twice. The proportion of patients who fell was highest among patients presenting for neurosurgery (41%;
99% CI, 36 to 45%). At least one fall-related injury occurred in 58% (99% CI, 56 to 60%) of those who fell. Falls were com-
mon in all age groups, but surprisingly, they did not increase monotonically with age. Middle-aged patients (45 to 64 yr) had
the highest proportion of fallers (28%), recurrent fallers (13%), and severe fall-related injuries (27%) compared to younger
(18 to 44 yr) and older (65+ yr) patients (P < 0.001 for each). A fall within 6 months was independently associated with pre-
operative functional dependence (odds ratio, 1.94; 99% CI, 1.68 to 2.24) and poor physical quality of life (odds ratio, 2.18;
99% CI, 1.88 to 2.52).

Conclusions: Preoperative falls might be common and are possibly often injurious in the presurgical population, across all ages.

A history of falls could enhance the assessment of preoperative functional dependence and quality of life. (ANESTHESIOLOGY
2016; 125:322-32)

CCIDENTAL falls are common, have serious mental,

physical, and financial consequences, and are rising in What We Already Know about This Topic

incidence.! As a result, falls in the general community have e Falls are an indicator of frailty and poor health

: 10,11
been targeted as an area of urgent public health need. What This Article Tells Us That Is New

Presurgical patients are likely susceptible to falls due to their

e Observational study of more than 15,000 adults undergoing
elective surgery found that 26% fell in the 6 months preceding
surgery, and more than half of these falls caused injuries

* Even after adjustment for known confounding factors, preopera-
tive falls were associated with a two-fold increase in both pre-
operative functional dependence and poor physical quality of life

prevalent comorbid conditions. Falls in the preoperative
period may be especially hazardous since falls render a per-
son vulnerable to stress-related complications.'>'? Indeed,
several studies suggest that falls among preoperative patients
are more common than falls in the general community, and
such falls might herald poorer surgical outcomes.!*>-!¢ Nev-

ertheless, preoperative falls have not been rigorously studied.

Preoperative falls may reflect patient-centered met-
rics such as functional dependence and poor quality of
life. There is a growing perception that patient-centered
metrics are important, as reflected by increasing motiva-
tion to study them and incorporate them into healthcare
performance evaluation.'”" Current preoperative assess-
ments rely entirely on disease-based measures, such as the
American Society of Anesthesiologists (ASA) physical sta-
tus score and the Charlson comorbidity index.?%! Includ-
ing patient-centered metrics into preoperative assessments

might be worthwhile, considering the importance of
patient-reported outcomes. However, these evaluations can
be lengthy and include delicate questions.??>% Research
shows that falls in the general community are associated
with patient-centered outcomes such as functional depen-
dence and poor quality of life.?>"?’ If preoperative falls were
similarly indicative of these patient-centric health markers,
independent of comorbidity burden, then a history of falls
could enhance preoperative assessment.

We aimed to address these two knowledge gaps regarding
preoperative falls. Specifically, the aims of this study were to
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(1) describe the proportion of patients who fell, factors asso-
ciated with falls, and age distribution of those falling in the
6 months before elective surgery and (2) determine whether
a history of preoperative falls is independently associated
with preoperative functional dependence and poor quality of
life. For the second aim, we hypothesized that falls would be
independently associated with functional dependence and
poor quality of life, even after controlling for comorbidity
burden.

Materials and Methods

The protocol for this study was approved by the Institu-
tional Review Board at Washington University in St. Louis,
Missouri (Human Research Protection Office number
201408107). All participants provided written informed
consent.

Study Population

This observational investigation was a substudy of the Sys-
tematic Assessment and Targeted Improvement of Services
Following Yearlong Surgical Outcomes Surveys (SATISFY-
SOS) study and was conducted in compliance with the
STrengthening the Reporting of OBservational Studies
in Epidemiology (STROBE) guidelines.*® SATISFY-SOS
(NCT02032030) is a large, observational study that collects
detailed perioperative data and data on patient-reported out-
comes for adults undergoing elective surgery at Barnes Jew-
ish Hospital in St. Louis, Missouri. Over 70% of patients
undergoing elective surgery are evaluated at the hospital’s
preoperative assessment clinic before surgery. Reasons for no
assessment include urgent surgery, geographical limitations,
or surgeon preference. Approximately 60% of all eligible
patients consent to participate in the study. Nurses at the
preoperative assessment clinic recruit patients to participate
and obtain written consent. The most common reason for
patients not participating is that they are not approached
to participate. Other reasons for nonparticipation include
patient refusal, lack of nurses’ time or institutional review
board training, or illiteracy in English. A study comparing
participants to nonparticipants showed no major differences
in characteristics.*! Approximately 92% of all consented
patients completed a baseline survey. The main reason for
lack of survey completion was insufficient time.

Measures

Following the recommendations of the Prevention of Falls
Network Europe, a fall was defined in the surveys as “an
unexpected event where you come to rest on the ground,
floor, or lower level.”3? “Recurrent fallers” were patients
who experienced two or more falls in 6 months. “Severe”
fall-related injury was defined as seeking medical treatment,
severe pain, head injury, fracture, or change from indepen-
dent to assisted living. The 6-month time period was cho-
sen because it balances capturing enough falls with limiting
recall bias and it facilitates comparison with another study
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that used the same time period.!>* The physical component
score (PCS) and mental component score of quality of life
were obtained using the Veterans RAND 12-item Health
Survey. With a mean of 50, the Veterans RAND 12-item
Health Survey scale is standardized to the general U.S. pop-
ulation.???? The baseline survey provided data on the his-
tory of falls, quality of life, and perceived health. Nurses at
the preoperative assessment clinic scored functional depen-
dence using the Barthel index of activities of daily living. A
score of 100 indicates functional independence.?* Inconti-
nence and impaired mobility were obtained from the cor-
responding item on the Barthel index. Neurologic disease
was defined as stroke, hemiplegia, paraplegia, quadriplegia,
Parkinson disease, or multiple sclerosis. Patients indicated
their race during surgery registration using hospital-speci-
fied options. The clinic physician judged metabolic activ-
ity capability by asking the patient to describe his or her
most strenuous physical activity. ASA physical status was
extracted from operating room documentation. All data
were extracted from the SATISFY-SOS baseline health sur-
vey and from the electronic medical record (MetaVision,

iMDsoft, USA).

Statistical Analysis

All variable selection and analytical procedures used in
this study were prespecified unless specifically labeled as
“post hoc.” Variables were selected a priori based on rig-
orous studies identified through comprehensive literature
review. In the falls models, variables were included if they
were both associated with falls in the general population
and available for collection. The models of functional
dependence and quality of life compared history of falls,
ASA physical status, Charlson index, and other factors
that were both easily obtained and strongly associated with
the outcome based on literature review. All dichotomous
variables were coded “0” for lower risk of the outcome and
“1” for higher risk.

This study’s large dataset provided the opportunity to test
interaction terms. Because including hundreds of interaction
terms might result in type I error, we prespecified the 10 to
20% most clinically relevant interactions for the models of
falls, functional dependence, and physical quality of life (24,
19, and 11 interaction terms, respectively). Interactions of
particular interest for the functional dependence and quality
of life models included falls and ASA and falls and Charl-
son index. To determine which of these candidate interac-
tion terms to include in the final model, stepwise selection
with backward elimination was used. Significance to add
was 0.05, and significance to remove was 0.01. Interaction
terms with a P value less than 0.05 were included in the final
model.

Multivariable logistic regression was performed in all mod-
els using forced simultaneous entry of variables without vari-
able removal. Outcome variables for the article’s three main
models included one or more falls within 6 months, Barthel
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index score less than 100, and PCS score less than 50. Of note,
PCS was dichotomized due to its bimodal distribution. All
models were checked for multicollinearity, influential cases,
linearity of logit, and conformity to linear gradients. The only
issue was conformity to linear gradients for Charlson index,
body mass index, and age in some of the models. To resolve
this issue, categorization was performed where the nonlinear
relationships could not be transformed.>**> Because of the
high ratio of events to variables, variable prespecification,
and forced entry methods, overfitting was not considered to
be a major concern.’® Nevertheless, we performed post hoc
bootstrapping on each model with 100 replicates for internal
validation. Small differences (less than 5%) between observed
and corrected c-statistics suggest that overfitting is unlikely.?®

The modeling procedure excluded any patient who was
missing one or more values, removing approximately 10% of
the sample in each model. Multiple imputation was not per-
formed since the variables with missing data were outcomes
(history of falls, Barthel index, quality of life), missing less
than 1% of the data (race, Charlson comorbidity index, ASA
physical status, physical activity level, perceived health sta-
tus), or not missing at random (impaired mobility, inconti-
nence). Post hoc sensitivity analyses were performed for each
model, with “missing” coded as a separate category for any
variable missing more than 0.5% of the data. Goodness-of-
fit was assessed in the final models using the Hosmer—Leme-
show test. This test was significant (2 < 0.001) in the original
PCS model. Interaction terms between chronic pain and two

Preoperative Falls

variables (ASA and depression) were highly significant and
resolved the overall lack of fit of the model.

Data analysis was performed using SAS/STAT® software,
version 9.4 (SAS Institute Inc., USA). To calculate a crude
estimate of the fall rate per 100 person-years as recom-
mended by the Prevention of Falls Network Europe consen-
sus group, an exponential decay curve was applied to the fall
count data and extrapolated to six falls.>* Parametric tests
were performed for normally distributed data, while non-
parametric tests were performed for nonnormally distrib-
uted data. All tests were two-sided. Because we conducted
multiple statistical analyses, the threshold for significance
was set to d less than 0.01. The threshold for clinical signifi-
cance was defined @ priori as a 20% difference in proportions

or odds ratios (ORs).*°

Results

Fallers and Fall-related Injuries

A total of 15,060 baseline surveys were available between
January 2014 and the time of data extraction in August
2015. As expected, fallers and nonfallers differed for the
majority of the characteristics studied (table 1). Table 2
shows how many times patients fell, the falls according to
the type of surgery, and the fall-related injuries sustained.
In the 6 months before surgery, 26% (99% CI, 25 to 27%)
of patients had fallen at least once and 12% (99% CI, 11
to 13%) had fallen at least twice. Overall, the fall rate was
93 per 100 person-years. Neurosurgical patients had the

Table 1. Characteristics of Fallers and Nonfallers
No. (%)*

Characteristic Nonfaller (N = 10,727) Faller (N = 3,835) OR
Age (yr), mean (SD) 55.6 (15) 56.4 (15) -
Female sex 6,135 (57) 2,340 (61) 1.16
Underweight (BMI < 18.5kg/m?) 112 (1.1) 48 (1.3) 1.20
White race 8,798 (83) 3,203 (85) 1.10
Charlson comorbidity index (1-2) 4,320 (40) 1,583 (41) 1.11
Charlson comorbidity index (= 3) 2,021 (19) 807 (21) 1.21
ASA physical status (= 3) 4,145 (39) 1,778 (46) 1.37
Number of home medications, median (IQR) 6 (3-10) 8 (4-12) -
Low physical activity level 2,622 (25) 1,547 (41) 2.10
Impaired mobility 563 (6) 434 (12) 2.30
Fair/poor perceived health status 1,813 (17) 1,095 (29) 1.96
Visual impairment 4,236 (39) 1,683 (44) 1.20
Hearing impairment 1,431 (13) 666 (17) 1.37
Dizziness 1,133 (11) 701 (18) 1.89
Current cancer 1,548 (14) 373 (10) 0.64
Osteoarthritis 2,190 (20) 1,076 (28) 1.52
Rheumatoid arthritis 272 (2.5) 165 (4.3) 1.73
Depression 1,426 (13) 904 (24) 2.01
Stroke 634 (6) 311 (8) 1.41
Incontinence 155 (1.5) 128 (3.5) 2.35
Parkinson disease 31(0.3) 65 (1.7) 5.95

*Because of the slightly different numbers of missing values for each variable, the denominator may differ from this total.
ASA = American Society of Anesthesiologists; BMI = body mass index; IQR = interquartile range; OR = odds ratio.
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Table 2. Number of Falls, Falls by Surgery Type, and Fall-
related Injuries

Outcome No. (%)
Number of fallers (N = 14,562 patients) 3,835 (26)
1 fall 2,084 (14)
2 falls 1,015 (7)
> 3 falls 736 (5)
Number of fallers, by surgery type (N = 14,548)
Neurosurgery 345 (41)
Orthopedic 1,253 (36)
Plastic 172 (28)
Ophthalmologic 222 (24)
General 196 (24)
Cardiac 421 (23)
Other 266 (22)
Gynecologic 320 (21)
Otolaryngology 224 (20)
Gastrointestinal/hepatobiliary 184 (20)
Urologic 227 (19)
Any fall injury (N = 3,835 fallers) 2,215 (58)
Bruising, sprain, or cut 1,621 (42)
Severe pain 568 (15)
Sought medical treatment 560 (15)
Reduced mobility 476 (12)
Fracture 290 (8)
Head injury 121 (3)
Independent to assisted living 52 (1)
Prefer not to answer 5(0.03)

highest proportion of preoperative fallers (41%; 99% CI,
36 to 45%), followed by orthopedic surgery patients (36%;
99% CI, 34 to 38%). Within fallers, 58% (99% CI, 56 to
60%) reported at least one fall-related injury and about a
quarter (26%; 99% CI, 24 to 28%) reported at least one
severe injury. The percent of patients secking medical treat-
ment for a fall ranged from 7% for general surgery (99% CI,
4 to 11%) to 20% for plastic surgery (99% CI, 15 to 27%).

Factors Associated with Preoperative Falls

Table 3 presents results from the multivariable logistic
regression model of preoperative falls. Low physical activ-
ity; impaired mobility; poor perceived health; hearing
impairment; dizziness; absence of cancer; and presence of
osteoarthritis, rheumatoid arthritis, and incontinence were
statistically and clinically significant. Regarding interactions,
depression was associated with higher odds of falls only in
patients older than 50, with an OR of 2.11 at age 80 (99%
CI, 1.60 to 2.77). In contrast, osteoarthritis was associated
with an increased odds of falls only in patients under age
65. Parkinson disease was strongly associated with falls only
when the patient’s ASA physical status score was greater than
or equal to three.

Preoperative Falls and Age
As illustrated in figure 1, the distribution of falls by age was
trimodal with peaks at 18 to 24 yr, 55 to 59 yr, and greater
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than 85 yr. The middle-age group (45 to 64 yr) had the high-
est proportion of fallers (28%), followed by the older-age
group (26%) and the younger-age group (24%; P < 0.001).
In addition, the middle-age group had the highest proportion
of recurrent fallers compared to the older- and younger-age
groups (13 vs. 11 and 12%, respectively, P < 0.001) and the
highest proportion of severe fall-related injuries (27 5. 26 and
24%, respectively, P = 0.004). Due to the high proportion of
fallers across all ages, post hoc models explored the associated
factors of each age group separately (table Al). For patients
aged 18 to 44, only poor perceived health and osteoarthritis
were associated with falls. More factors were significant in the
middle-age (45 to 64 yr) model than the older-age (65+ yr)
model, including female sex and incontinence. However, the
association with certain variables such as impaired mobility
and depression was strongest in the older-age model.

Preoperative Falls and Patient-centered Metrics
Fallers were more likely than nonfallers to have impaired
function (20 »s. 10%, P < 0.001), lower physical quality of
life (35 ws. 41, P < 0.001), and lower mental quality of life
(49 vs. 53, P < 0.001). A monotonic relationship existed
between the number of falls and each of these measures, as
shown in figure 2 (P < 0.001 for each). After controlling
for known confounders, including ASA physical status and
Charlson comorbidity index, history of falls was indepen-
dently associated with functional impairment (OR, 1.94;
99% CI, 1.68 to 2.42, table A2). History of falls was also
independently associated with physical quality of life (OR,
2.18;99% CI, 1.88 to 2.52) after controlling for ASA physi-
cal status, Charlson comorbidity index, and other confound-
ers (table A3). Post hoc sensitivity analyses using individual
comorbidities from the Charlson index showed that the
association between the history of falls and patient-centered
metrics was robust (tables A4 and AS5). The association
between the patient-centered metrics and falls did not vary
by ASA physical status or Charlson comorbidity index, as
shown by the nonsignificant interaction terms (P = 0.42,
P=0.06, P=0.28, and P = 0.16, respectively).
Bootstrapping showed that the differences between the
observed and corrected c-statistics were very small for the
main models of falls, functional dependence, and quality
of life (0.0042, 0.0029, and 0.0016, respectively). The dif-
ferences for the age-stratified exploratory models were also
small (0.0196, 0.0066, and 0.0120). In addition, post hoc
sensitivity analyses of missing data did not change OR sig-
nificances or produce major changes in OR magnitudes.
Further characterization of missing data is provided in table
A6 of the Appendix. Finally, the Hosmer—Lemeshow test did
not identify any problems with model fit (P=0.12, = 0.76,
P=0.29, P=0.16, P=0.09, and P = 0.39, respectively).

Discussion

This study is the first to characterize preoperative falls in a
large population of patients presenting for a broad range of
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Table 3. Multivariable Logistic Regression Predicting One or More Preoperative Falls

(N =13,449)
Characteristic OR 99% Cl P Value
Age 1.00* 0.99-1.00 0.008
Female sex 1.04 0.93-1.17 0.321
Underweight (BMI < 18.5kg/m?) 1.19 0.74-1.91 0.358
White race 1.11 0.96-1.29 0.060
Charlson comorbidity index (1-2) 0.97 0.85-1.10 0.468
Charlson comorbidity index (> 3) 0.92 0.77-1.10 0.251
ASA physical status (> 3) 1.01* 0.89-1.14 0.820
Number of home medications, per 5 1.09 1.04-1.15 < 0.001
Low physical activity capability 1.49 1.31-1.69 < 0.001
Impaired mobility 1.50 1.24-1.82 < 0.001
Fair/poor perceived health status 1.37 1.19-1.56 < 0.001
Visual impairment 1.11 1.00-1.24 0.014
Hearing impairment 1.29 1.11-1.50 < 0.001
Dizziness 1.44 1.24-1.67 < 0.001
Current cancer 0.69 0.57-0.82 < 0.001
Osteoarthritis 1.41* 1.23-1.62 < 0.001
Rheumatoid arthritis 1.37 1.03-1.82 0.004
Depression 1.57* 1.37-1.80 0.402
Stroke 1.02 0.83-1.26 0.798
Incontinence 1.72 1.23-2.40 < 0.001
Parkinson disease 7.19* 3.28-15.8 0.293
Interaction terms Estimate P Value
Age x depression 0.012 0.003
Age x osteoarthritis -0.020 < 0.001
ASA x Parkinson disease 1.521 0.004

R? = 0.090; ¢ = 0.658; -2 log likelihood = 14,711.

*Value depends on interaction. Odds ratio (OR) shown is based on the most common scenario (i.e., mean age, mean number of medications, ASA > 3,

absence of disease).
ASA = American Society of Anesthesiologists; BMI = body mass index.
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Fig. 1. Proportion of patients who fell in the 6 months before
surgery, by age. Error bars represent 95% Cls.

elective surgeries. The fall rate of 93 per 100 person-years,
involving 26% of patients, is twice the rate in the general
population.?4%4! While falls can occasion surgery, this can-
not account for such a large difference since all surgeries in
this sample were elective, and most fallers (86%) did not
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seeck medical treatment. Other studies report an even higher
proportion (approximately 35%) of preoperative falls in the
same time period.!>-!¢ This higher proportion in those stud-
ies is likely attributable to the inclusion of higher risk surgi-
cal populations: patients over age 65 at a Veterans Affairs
hospital'® and patients presenting for ophthalmologic'* and
orthopedic surgery.!>1¢

Most established fall risk factors were also associated with
preoperative falls in the current cohort. However, disease
burden, as measured by ASA physical status and Charlson
comorbidity index, was not associated with preoperative
falls. Current malignancy was associated with fewer falls in
our sample, which also departs from existing literature.43
Perhaps cancer patients undergoing surgery are those who
are judged healthier and able to withstand the stress of sur-
gery. Alternatively, this could be a spurious result due to
testing numerous hypotheses in a large dataset. A few inter-
action terms were significant, suggesting that interactions are
probably important to explore despite their current under-
representation in the literature on falls.

This study is one of few to describe falls in middle age
and appears to be the first to report the distribution of falls
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in patients younger than 45 yr. The youngest patients (aged
18 to 24) had one of the highest proportions of fallers, per-
haps from the corresponding peak in recreational risk-taking
that occurs in this age group.* Additionally, the middle-age
group (45 to 64 yr) had the highest proportion of fallers,
recurrent fallers, and fall-related injuries among fallers. We
found these results surprising given the common concep-
tion that falls increase monotonically with age.”>*>48 How-
ever, several studies support the higher proportion of fallers,
recurrent fallers, and fall-related injuries in middle age.?>45->2
This peak in middle age might reflect a lag between the onset
of physical decline and the development of caution. Post
hoc models showed that each age group had distinct factors
associated with falls. Only two variables were significantly
associated with falls in the model of patients younger than
45. Tt is possible that these falls are difficult to predict or
that risk factors selected from studies on the elderly are not
prognostic in younger people. Factors specifically associated
with young-age and middle-age falls have never been studied
previously and merit further exploration.

Previous literature shows that falls in the general commu-
nity are related to lower function and quality of life, but no
study has examined this relationship in surgical patients.”>*
On a crude basis, the number of preoperative falls exhib-
ited a stronger dose—response relationship with both mea-
sures than an index that incorporates the number of falls
with fall injuries.”® After controlling for several prespecified
confounders, a history of falls was associated with reduced
preoperative function and quality of life. In addition,
comorbidity was not related to preoperative falls. Together,
these findings suggest that a history of preoperative falls
contains health-related information independent of certain
commonly assessed comorbidities. A history of falls is also
simple to assess. It may therefore serve as a complementary
and convenient measure of preoperative health status.

Strengths of this study include its large sample and its
focus on falls in presurgical patients, the age distribution
of falls, and the relationship between preoperative falls
and patient-centered metrics. There are also important
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limitations. First, we study a single population at a tertiary
referral center, so our results cannot be generalized to all
surgical populations and should be repeated in other popu-
lations. In addition, patients who attend the preoperative
assessment clinic may be sicker or otherwise unrepresenta-
tive of other patients receiving surgery, while patients who
consent to SATISFY-SOS may be a nonrandom sample as
well. These factors could introduce selection bias and reduce
generalizability. However, sampling for nonresponse bias
showed that patients who consent do not differ in clinically
important regards from those who do not consent, including
both demographic (age, race, and gender) and comorbidity
(ASA and Charlson) variables.>® Another limitation was the
missing data. Patients missing survey questions were sicker
than patients without missing data, while patients missing
Barthel index data were healthier. These findings indicate
potential bias. Fortunately, the excluded sample was not
large (10%), and the falls and quality of life outcome vari-
ables did not differ significantly between groups.

Validity of the data should also be considered. It is possible
that variables collected from the review of systems and medi-
cal history portions of the patient’s preoperative history and
physical were not thorough or accurate. However, inspec-
tion of patients who had multiple independent encounters
showed that these data were consistent across visits. Error
in recall is also a problem with survey questions, especially
in older age, with a bias towards forgetting falls.*> Never-
theless, studies where the method did not depend on long-
term recall show a comparable age distribution of falls.>%
The implications of more recent versus less recent falls could
not be explored since we did not collect that information.
Finally, the use of multiple comparisons is another potential
limitation. However, all investigations were prespecified, and
a significance cutoff of less than 0.01 (with 99% Cls) was set
to decrease bias and type I error.

Falls are probably common and might often be injurious
in the preoperative population, with risk factors similar to
those already identified in the general population. This study
challenges the existing belief that falls increase monotonically
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with age and invites investigation of falls in middle-age and
younger-age groups. Finally, falls may serve as a convenient
and complementary tool for assessing a patients preopera-
tive health. A logical next step is to determine whether a
history of falls can predict postoperative outcomes.

Acknowledgments

The authors thank Will Godfrey, M.A., Department of An-
esthesiology, Washington University School of Medicine,
St. Louis, Missouri; Bradley Fritz, M.D., Department of An-
esthesiology, Washington University School of Medicine,
St. Louis, Missouri; Lewis Kazis, Sc.D., Departments of
Health Services, School of Public Health, Boston Univer-
sity, Boston, Massachusetts; Michelle Jerry, M.S., Biostatistics
Department, University of Michigan, Ann Arbor, Michigan;
Center for Preoperative Assessment and Planning, Depart-
ment of Anesthesiology, Barnes Jewish Hospital, St. Louis,
Missouri; and Institute of Quality Improvement, Research
and Informatics, Department of Anesthesiology, Washington
University School of Medicine, St. Louis, Missouri.

Research Support

This study was supported by the Washington Univer-
sity Institute of Clinical and Translational Sciences grant
UL1TR000448 from the National Center for Advancing Trans-
lational Sciences, along with grant 1TUH2AG050312-01 from
the National Institute on Aging, of the National Institutes
of Health (NTH; Bethesda, Maryland). The content is solely
the responsibility of the authors and does not necessarily
represent the official view of the NIH. It was also supported
by grant BJHF#7937-77 from the Barnes-Jewish Hospital
Foundation and the Washington University Department of
Anesthesiology (St. Louis, Missouri). The funding sources
provided infrastructure and financial support but had no
role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data;
preparation, review, or approval of the manuscript; or
decision to submit the manuscript for publication.

Competing Interests

The authors declare no competing interests.

Correspondence

Address correspondence to Dr. Avidan: Department of
Anesthesiology, Washington University School of Medicine,
660 S. Euclid Ave, Campus Box 8054, St. Louis, Missouri
63110. avidanm@anest.wustl.edu. Information on purchas-
ing reprints may be found at www.anesthesiology.org
or on the masthead page at the beginning of this issue.
AnestHesiolocy’s articles are made freely accessible to all
readers, for personal use only, 6 months from the cover date
of the issue.

References

1. Tinetti ME, Speechley M, Ginter SF: Risk factors for falls
among elderly persons living in the community. N Engl J
Med 1988; 319:1701-7

2. O’Loughlin JL, Robitaille Y, Boivin JF, Suissa S: Incidence
of and risk factors for falls and injurious falls among
the community-dwelling elderly. Am J Epidemiol 1993;
137:342-54

Anesthesiology 2016; 125:322-32

328

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Preoperative Falls

. Missouri Behavioral Risk Factor Surveillance System (BRFSS)

2012 Key Findings. Jefferson City, MO, Missouri Department
of Health and Senior Services. Office of Epidemiology, 2013

. Fuller GF: Falls in the elderly. Am Fam Physician 2000;

61:2159-68, 21734

. Svantesson U, Babagbemi B, Foster L, Alricsson M: Influences

on modern multifactorial falls prevention interventions and
fear of falling in non-frail older adults: A literature review.
J Clin Med Res 2014; 6:314-20

. Collerton J, Kingston A, Bond J, Davies K, Eccles MP, Jagger

C, Kirkwood TB, Newton JL: The personal and health service
impact of falls in 85 year olds: Cross-sectional findings from
the Newcastle 85+ cohort study. PLoS One 2012; 7:€33078

. Stevens JA, Corso PS, Finkelstein EA, Miller TR: The costs of

fatal and non-fatal falls among older adults. Inj Prev 20006;
12:290-5

. Bohl AA, Fishman PA, Ciol MA, Williams B, Logerfo J, Phelan

EA: A longitudinal analysis of total 3-year healthcare costs
for older adults who experience a fall requiring medical care.
J Am Geriatr Soc 2010; 58:853-60

. Cigolle CT, Ha J, Min LC, Lee PG, Gure TR, Alexander NB,

Blaum CS: The epidemiologic data on falls, 1998-2010: More
older Americans report falling. JAMA Intern Med 2015;
175:443-5

Falls Fact Sheet, World Health Organization, 2012. Available
at:  http://www.who.int/mediacentre/factsheets/fs344/en/.
Accessed September 24, 2015

Essary AC, McNellis RJ: Three new recommendations from
the US Preventive Services Task Force. JAAPA 2013; 26:55-7
Inouye SK, Studenski S, Tinetti ME, Kuchel GA: Geriatric syn-
dromes: Clinical, research, and policy implications of a core
geriatric concept. J Am Geriatr Soc 2007; 55:780-91

Jones TS, Dunn CL, Wu DS, Cleveland JC Jr, Kile D, Robinson
TN: Relationship between asking an older adult about falls
and surgical outcomes. JAMA Surg 2013; 148:1132-8
Brannan S, Dewar C, Sen J, Clarke D, Marshall T, Murray PI: A
prospective study of the rate of falls before and after cataract
surgery. Br J] Ophthalmol 2003; 87:560-2

Swinkels A, Newman JH, Allain TJ: A prospective observa-
tional study of falling before and after knee replacement sur-
gery. Age Ageing 2009; 38:175-81

Levinger P, Menz HB, Wee E, Feller JA, Bartlett JR, Bergman
NR: Physiological risk factors for falls in people with knee
osteoarthritis before and early after knee replacement sur-
gery. Knee Surg Sports Traumatol Arthrosc 2011; 19:1082-9
Manary MP, Boulding W, Staelin R, Glickman SW: The
patient experience and health outcomes. N Engl ] Med 2013;
368:201-3

Clancy C, Collins FS: Patient-Centered Outcomes Research
Institute: The intersection of science and health care. Sci
Transl Med 2010; 2:37cm18

Basch E, Torda P, Adams K: Standards for patient-reported
outcome-based performance measures. JAMA 2013;
310:139-40

Cullen DJ, Apolone G, Greenfield S, Guadagnoli E, Cleary
P: ASA Physical Status and age predict morbidity after three
surgical procedures. Ann Surg 1994; 220:3-9

Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new
method of classifying prognostic comorbidity in longitudi-
nal studies: Development and validation. J Chronic Dis 1987;
40:373-83

Kazis LE, Miller DR, Skinner KM, Lee A, Ren XS, Clark JA,
Rogers WH, Iii AS, Selim A, Linzer M, Payne SM, Mansell D,
Fincke BG: Applications of methodologies of the Veterans
Health Study in the VA healthcare system: Conclusions and
summary. ] Ambul Care Manage 2006; 29:182-8

Selim AJ, Rogers W, Fleishman JA, Qian SX, Fincke BG,
Rothendler JA, Kazis LE: Updated U.S. population standard

Kronzer et al.

¥202 UdJel €1 uo 1senb Aq ypd'8L000-0 008091 0Z/862.8v/2Z€/2/ST L /4Pd-01o1E/ABO|0ISBUISBUE/WOD JIBYIIBA|IS ZESE//:d)Y WO papeojumoq

Copyright © 2016, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


http://www.anesthesiology.org
http://www.who.int/mediacentre/factsheets/fs344/en/

PERIOPERATIVE MEDICINE

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

30.

37.

38.

for the Veterans RAND 12-item Health Survey (VR-12). Qual
Life Res 2009; 18:43-52

Mahoney FI, Barthel DW: Functional evaluation: The Barthel
index. Md State Med J 1965; 14:61-5

Skalska A, Wizner B, Wiecek A, Zdrojewski T, Chudek J,
Klich-Raczka A, Piotrowicz K, Bledowski P, Mossakowska
M, Michel JP, Grodzicki T: Reduced functionality in everyday
activities of patients with self-reported heart failure hospi-
talization-population-based study results. Int J Cardiol 2014;
176:423-9

Fhon JR, Fabricio-Wehbe SC, Vendruscolo TR, Stackfleth
R, Marques S, Rodrigues RA: Accidental falls in the elderly
and their relation with functional capacity. Rev Lat Am
Enfermagem 2012; 20:927-34

Ferrer A, Formiga F, Plana-Ripoll O, Tobella MA, Gil A, Pujol
R; Octabaix Study Group: Risk of falls in 85-year-olds is asso-
ciated with functional and cognitive status: The Octabaix
Study. Arch Gerontol Geriatr 2012; 54:352-6

Chu LW, Chiu AY, Chi I: Impact of falls on the balance, gait,
and activities of daily living functioning in community-dwell-
ing Chinese older adults. J] Gerontol A Biol Sci Med Sci 2006;
61:399-404

Stenhagen M, Ekstrom H, Nordell E, Elmstahl S: Accidental
falls, health-related quality of life and life satisfaction: A
prospective study of the general elderly population. Arch
Gerontol Geriatr 2014; 58:95-100

von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC,
Vandenbroucke JP; STROBE Initiative: The Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: Guidelines for reporting observational
studies. Int J Surg 2014; 12:1495-9

Helsten DL, Abdallah AB, Avidan MS, Wildes TS, Winter A,
McKinnon SL, Bollini M, Candelario P, Burnside BA, Sharma A:
Methodological considerations for collecting patient-reported
outcomes from unselected surgical patients. ANESTHESIOLOGY
2016; (in press)

Lamb SE, Jorstad-Stein EC, Hauer K, Becker C; Prevention
of Falls Network Europe and Outcomes Consensus Group:
Development of a common outcome data set for fall injury
prevention trials: The Prevention of Falls Network Europe
consensus. ] Am Geriatr Soc 2005; 53:1618-22

Cummings SR, Nevitt MC, Kidd S: Forgetting falls. The lim-
ited accuracy of recall of falls in the elderly. ] Am Geriatr Soc
1988; 36:613-6

Babyak MA: What you see may not be what you get: A brief,
nontechnical introduction to overfitting in regression-type
models. Psychosom Med 2004; 66:411-21

Freedland KE, Reese RL, Steinmeyer BC: Multivariable models
in biobehavioral research. Psychosom Med 2009; 71:205-16
Concato J, Feinstein AR, Holford TR: The risk of determin-
ing risk with multivariable models. Ann Intern Med 1993;
118:201-10

Katz MH: Multivariable analysis: A primer for readers of med-
ical research. Ann Intern Med 2003; 138:644-50

Steyerberg EW, Harrell FE Jr, Borsboom GJ, Eijkemans MJ,
Vergouwe Y, Habbema JD: Internal validation of predictive

Anesthesiology 2016; 125:322-32

329

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

models: Efficiency of some procedures for logistic regression
analysis. J Clin Epidemiol 2001; 54:774-81

Balk EM, Earley A, Hadar N, Shah N, Trikalinos TA: AHRQ com-
parative effectiveness reviews, Benefits and Harms of Routine
Preoperative Testing: Comparative Effectiveness. Rockville
(MD), Agency for Healthcare Research and Quality, 2014
Gassmann KG, Rupprecht R, Freiberger E; IZG Study Group:
Predictors for occasional and recurrent falls in community-
dwelling older people. Z Gerontol Geriatr 2009; 42:3-10
Salva A, Bolibar I, Pera G, Arias C: Incidence and conse-
quences of falls among elderly people living in the commu-
nity. Med Clin (Barc) 2004; 122:172-6

Wildes TM, Dua P, Fowler SA, Miller JP, Carpenter CR, Avidan
MS, Stark S: Systematic review of falls in older adults with
cancer. J Geriatr Oncol 2015; 6:70-83

Allan-Gibbs R: Falls and hospitalized patients with cancer: A
review of the literature. Clin J Oncol Nurs 2010; 14:784-92

Rolison JJ, Hanoch Y, Wood S, Liu PJ: Risk-taking differences
across the adult life span: A question of age and domain.
J Gerontol B Psychol Sci Soc Sci 2014; 69:870-80
Schumacher J, Pientka L, Trampisch U, Moschny A, Hinrichs
T, Thiem U: The prevalence of falls in adults aged 40 years
or older in an urban, German population. Results from a
telephone survey. Z Gerontol Geriatr 2014; 47:141-6

Nitz JC, Choy NL: Falling is not just for older women:
Support for pre-emptive prevention intervention before 60.
Climacteric 2008; 11:461-6

Ziere G, Dieleman JP, Hofman A, Pols HA, van der Cammen
TJ, Stricker BH: Polypharmacy and falls in the middle age
and elderly population. Br J Clin Pharmacol 2006; 61:218-23

Talbot LA, Musiol RJ, Witham EK, Metter EJ: Falls in young,
middle-aged and older community dwelling adults: Perceived
cause, environmental factors and injury. BMC Public Health
2005; 5:86

Caban-Martinez AJ, Courtney TK, Chang WR, Lombardi
DA, Huang YH, Brennan MJ, Perry M]J, Katz JN, Christiani
DC, Verma SK: Leisure-time physical activity, falls, and
fall injuries in middle-aged adults. Am J Prev Med 2015;
49:888-901

Barbour KE, Stevens JA, Helmick CG, Luo YH, Murphy LB,
Hootman JM, Theis K, Anderson LA, Baker NA, Sugerman
DE; Centers for Disease Control and Prevention (CDC): Falls
and fall injuries among adults with arthritis—United States,
2012. MMWR Morb Mortal Wkly Rep 2014; 63:379-83
Painter JA, Elliott SJ, Hudson S: Falls in community-dwelling
adults aged 50 years and older: Prevalence and contributing
factors. J Allied Health 2009; 38:201-7

Li W, Keegan TH, Sternfeld B, Sidney S, Quesenberry CP Jr,
Kelsey JL: Outdoor falls among middle-aged and older adults:
A neglected public health problem. Am J Public Health 2006;
96:1192-200

Tinetti ME, Williams CS: Falls, injuries due to falls, and the
risk of admission to a nursing home. N Engl ] Med 1997;
337:1279-84

Burmeister LF: Principles of successful sample surveys.
ANESTHESIOLOGY 2003; 99:1251-2

Kronzer et al.

¥202 UdJel €1 uo 1senb Aq ypd'8L000-0 008091 0Z/862.8v/2Z€/2/ST L /4Pd-01o1E/ABO|0ISBUISBUE/WOD JIBYIIBA|IS ZESE//:d)Y WO papeojumoq

Copyright © 2016, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Preoperative Falls

Table A1. Multivariable Logistic Regression Predicting One or More Preoperative Falls, Stratified by Age Group

Age 18-44 Yr (N = 2,990) Age 45-64 Yr (N = 6,236) Age 65+ Yr (N = 4,223)
Factors Associated with Falls Estimate OR 99% Cl  Estimate OR 99% Cl  Estimate OR 99% ClI
Age -0.035 0.97* 0.95-0.99 -0.002 1.00* 0.98-1.01 0.008 1.01 0.99-1.03
Female sex -0.137 0.87 0.68-1.12 0.185 1.20 1.02-1.42 -0.038 0.96 0.79-1.18
Underweight (BMI < 18.5kg/m?) 0.426 1.53 0.66-3.54 0.197 1.22 0.59-2.52 -0.186 0.83 0.30-2.28
White race 0.116 1.12 0.84-1.50 0.038 1.04 0.85-1.28 0.253 1.29 0.94-1.77
Charlson comorbidity index (1-2) 0.070 1.07 0.82-1.40 -0.068 0.93 0.78-1.12 -0.089 0.92 0.72-1.16
Charlson comorbidity index (= 3) 0.202 1.22 0.72-2.09 -0.233 0.79 0.61-1.08 -0.010 0.99 0.74-1.32
ASA physical status (> 3) -0.213 0.81 0.59-1.11 0.075 1.08 0.90-1.29 0.020 1.02*  0.82-1.26
Number of home medications, per 5 -0.457 1.15*  0.62-2.17 0.105 1.11 1.04-1.19 0.011 1.06 0.97-1.14 §
Low physical activity capability 0.282 1.32*  0.91-1.93 0.357 1.43 1.19-1.72 0.467 1.60 1.29-1.98 §
Impaired mobility 0.650 1.92 0.97-3.79 0.332 1.39 1.04-1.88 0.408 1.50 1.12-2.00 §
Fair/poor perceived health status 0.397 1.49 1.10-2.01 0.390 1.48 1.22-1.79 0.115 1.12 0.86-1.46 é“
Visual impairment -0.044 0.96* 0.72-1.28 0.105 1.11 0.95-1.30 0.133 1.14 0.95-1.38 >
Hearing impairment —-0.086 0.92 0.52-1.62 0.281 1.32 1.05-1.67 0.236 1.27 1.02-1.57 :;
Dizziness -0.040 0.96* 0.59-1.55 0.346 1.41 1.14-1.76 0.376 1.46 1.12-1.88 8”\5
Current cancer -0.315 0.73 0.42-1.28 -0.435 0.65 0.50-0.84 -0.307 0.74 0.55-0.98 2
Osteoarthritis 0.880 2.41 1.57-3.71 0.225 1.25 1.05-1.49 0.086 1.09 0.89-1.33 %
Rheumatoid arthritis 0.676 1.97 0.80-4.80 0.412 1.51 1.04-2.20 0.016 1.02 0.61-1.70 g
Depression 0.201 1.22 0.89-1.68 -1.009 1.61*  1.33-1.94 0.572 1.77 1.36-2.30 §
Stroke 0.197 1.22 0.53-2.81 0.058 1.06 0.76-1.47 -0.117 0.89* 0.66-1.20 g
Incontinence 0.157 1.17 0.37-3.76 0.753 2.12 1.28-3.51 0.221 1.25*  0.71-2.18 %
Parkinson disease -1 - - 1.648 5.20 1.89-14.4 -0.005 6.65* 2.54-17.4 §
Interaction terms Estimate P Value Estimate P Value Estimate P Value §
Age x home medications 0.003 _ 0.01 g
Physical activity x dizziness 0.66 0.03 3
Visual impairment x dizziness 0.718 0.01 %
Age x depression 0.027 0.04 %
ASA x Parkinson disease 1.90 0.009 §
Stroke x incontinence 1.12 0.04 §
Age 18-44 yr: R? = 0.083, ¢ = 0.644, -2 log likelihood (-2LL) = 3,141; age 45-64: R? = 0.108, ¢ = 0.677, —2LL = 6,879; age 65+: R? = 0.091, ¢ = 0.655, g
—2LL = 4,606. I
*Value depends on interaction. Odds ratio (OR) shown is based on the most common scenario (i.e., mean age, mean number of medications, ASA > 3, ‘8
absence of disease). TOnly one patient had Parkinson disease. g
ASA = American Society of Anesthesiologists; BMI = body mass index. §
Table A2. Multivariable Logistic Regression Predicting ;
Functional Impairment (Barthel Index < 100) Q
@
(N =13,837) %
w
Characteristic Estimate OR 99% ClI §
Age 0.037 1.04 1.03-1.04 §
Female sex 0311  1.37 1.18-1.58 *
Underweight (BMI < 18.5kg/m?) 0.414 1.51 0.82-2.80
Obesity (BMI, 30-35kg/m?) 0.175 1.19 1.00-1.42
Morbid obesity (BMI > 35kg/m?) 0.577 1.78 1.51-2.10
History of a fall 0.664 1.94 1.68-2.24

Charlson comorbidity index (1-2) 0.099 1.10 0.93-1.31
Charlson comorbidity index (= 3) 0.326 1.39 1.14-1.68

ASA physical status (= 3) 0.589 1.80 1.54-2.10
Neurologic impairment 0.511 1.67 1.36-2.05
Visual impairment 0.022 1.02 0.89-1.18
Hearing impairment -0.034 1.00 0.80-1.17
Depression 0.265 1.30 1.10-1.55

R? = 0.144; ¢ = 0.734; -2 log likelihood = 9,470.

ASA = American Society of Anesthesiologists; BMI = body mass index;
OR = odds ratio.
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Table A3. Multivariable Logistic Regression Predicting Poor
Physical Quality of Life (PCS < 50)

Table A5. Multivariable Logistic Regression of Poor Physical
Quality of Life with Individual Comorbidities

(N =13,536) (N =13,536)
Characteristic Estimate OR 99% ClI Characteristic Estimate OR 99% ClI
Middle age (45-64) 0.037 1.04 0.90-1.20 Middle age (45-64) 0.089 1.09 0.95-1.26
Older age (65+) -0.016 0.98 0.84-1.16 Older age (65+) 0.020 1.02 0.87-1.20
Female sex 0.078 1.07 0.95-1.20 Female sex 0.078 1.08 0.96-1.22
Obesity (BMI > 30 kg/m?) 0.386 1.47 1.31-1.65 Obesity (BMI > 30 kg/m?) 0.352 1.42 1.27-1.60
History of a fall 0.112 218 1.88-2.52 History of a fall 0.737 2.09 1.80-2.42
Charlson comorbidity index (1-2) 0.331 112 0.99-1.27 Myocardial infarction 0.504 1.66 1.21-2.26
Charlson comorbidity index (= 3) 0.919 1.39 1.17-1.67 Congestive heart failure 0.781 2.18 1.51-3.16
ASA physical status (> 3) 0.777 2.51* 2.17-2.90 Peripheral vascular disease 0.321 1.38 0.93-2.04
Depression 0.449 1.57* 1.28-1.92 Cerebrovascular disease 0.300 1.35 1.00-1.82
Chronic pain 2.266 9.64* 8.10-11.5 Pulmonary disease 0.432 1.54 1.31-1.81
Connective tissue disease 0.832 2.30 1.52-3.48
Interaction terms Estimate P Value Peptic ulcer disease 0.424 1.53 0.95-2.47
. . Liver disease 0.427 1.53 1.10-2.14
e e oS o
Renal disease 0.547 1.73 1.16-2.58
R? = 0.281; ¢ = 0.785; -2 log likelihood = 13,001. Malignancy -0.359 0.70 0.61-0.79
*This value depends on an interaction term. Odds ratio (OR) provided is ASA physical status (> 3) 0.776 217 1.87-2.52
gra]\(sjegsoAnih;.most common scenario (i.e., no depression, no chronic pain, Depression 0.420 *{ 52 1.04-1.87
ASA = American Society of Anesthesiologists; BMI = body mass index; Chronic pain 2.220 "9.20 7.73-11.0
PCS = physical component score.
Interaction terms Estimate P Value
ASA x chronic pain -0.684 < 0.001
Table A4. Multivariable Logistic Regression of Functional Depression x chronic pain ~0.510 <0.001

Impairment with Individual Comorbidities

(N =13,837)

Characteristic Estimate OR 99% ClI

Age 0.039 1.04 1.03-1.05
Female sex 0.308 1.36  1.17-1.58
Underweight (BMI < 18.5kg/m?) 0.389 148 0.79-2.75
Obesity (BMI, 30-35kg/m?) 0.154 1.17  0.98-1.39
Morbid obesity (BMI > 35kg/m?) 0.538 171 1.44-2.04
History of a fall 0.642 1.90 1.65-2.20
Myocardial infarction -0.158 0.85 0.65-1.11
Congestive heart failure 0.245 1.28 0.98-1.66
Peripheral vascular disease 0.410 151  1.13-2.02
Pulmonary disease 0.242 1.27 1.08-1.50
Connective tissue disease 0.201 1.22 0.91-1.65
Peptic ulcer disease —-0.048 0.95 0.62-1.46
Liver disease 0.297 1.35 1.01-1.80
Diabetes 0.171 1.19  1.01-1.40
Renal disease 0.441 155 1.13-2.15
Malignancy 0.167 0.85 0.72-0.99
ASA physical status (= 3) 0.549 1.73  1.48-2.02
Neurologic impairment 0.479 1.62 1.31-1.99
Visual impairment 0.018 1.02 0.88-1.17
Hearing impairment -0.030 0.97 0.80-1.17
Depression 0.262 1.30 1.09-1.55

R? = 0.081; ¢ = 0.741; -2 log likelihood = 9,406.

ASA = American Society of Anesthesiologists; BMI = body mass index;
OR = odds ratio.
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R?=0.211; ¢ = 0.798; -2 log likelihood = 12,721.

*This value depends on an interaction term. Odds ratio (OR) provided is
based on the most common scenario (i.e., no depression, no chronic pain,
and ASA < 3).

ASA = American Society of Anesthesiologists; BMI = body mass index.
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Table A6. Comparison of Patients Missing Any Variable, at Least One Survey Variable, or at Least One Barthel Index Variable*

Missing Missing Survey Missing Barthel
All Patients Any Variable Variablet Index Variablet
(N = 15,060) (N =2,429) (N =1,451) (N = 696)
Factor No. (%) % P Value % P Value % P Value
Age (yr), mean (SD) 55.9 (15) 56.7 (15) 0.005 59.3 (15) < 0.001 53.5 (13) < 0.001
Female sex 8,774 (58) 1,385 (57) 0.18 839 (58) 0.74 397 (57) 0.50
Underweight (BMI < 18.5kg/m?) 175 (1.2) 36 (1.5) 0.08 29 (2.0) 0.002 3(0.4) 0.08
Obesity (BMI > 30kg/m?) 7,036 (47) 1,076 (46) 0.16 643 (45) 0.05 319 (48) 0.69
White race 12,335 (83) 1,653 (76) < 0.001 1,015 (71) < 0.001 571 (83) 0.93
Charlson comorbidity index (1-2) 6,104 (41) 999 (42) 0.03 607 (42) 0.001 266 (39) 0.09 9
Charlson comorbidity index (= 3) 2,956 (20) 510 (21) 0.006 347 (24) < 0.001 111 (16) 0.008 §
ASA physical status (= 3) 6,161 (41) 1,071 (44) < 0.001 683 (47) < 0.001 266 (38) 0.14 §
Number home medications, median (IQR) 7 (3,11) 7 (3-11) 0.02 7 (3-11)  0.002 6 (3-10) 0.01 g
Low physical activity capability 4,373 (29) 772 (33) < 0.001 549 (38) < 0.001 182 (27) 0.21 3
Impaired mobility 1,066 (7) 208 (12) < 0.001 181 (13) < 0.001 - - 5’:
Poor/fair perceived health status 3,029 (20) 545 (25) < 0.001 354 (28) < 0.001 128 (19) 0.22 §
Visual impairment 6,142 (41) 999 (41) 0.71 614 (42) 0.21 293 (42) 0.47 Z
Hearing impairment 2,183 (15) 381 (16) 0.07 254 (18) < 0.001 99 (14) 0.84 §
Dizziness 1,907 (13) 323 (13) 0.30 202 (14) 0.13 77 (11) 0.19 ;T
Current cancer 1,967 (13) 280 (12) 0.01 166 (11) 0.05 77 (11) 0.11 §
Osteoarthritis 3,378 (22) 482 (20) 0.001 310 (21) 0.31 132 (19) 0.03 3
Rheumatoid arthritis 457 (3.0) 76 (3.1) 0.77 53 (3.7) 0.15 14 (2.0 0.11 %
Depression 2,420 (16) 378 (16) 0.46 234 (16) 0.95 109 (16) 0.76 §
Stroke 1,000 (7) 191 (8) 0.008 141 (10) < 0.001 36 (5) 0.11 §
Incontinence 300 (2.1) 40 (2.3) 0.50 34 (2.4) 0.35 - - g
Parkinson disease 98 (0.7) 19 (0.8) 0.38 14 (1.0) 0.12 5(0.7) 0.82 %
Neurologic impairment 1,195 (8) 231 (10) 0.002 165 (11) < 0.001 46 (7) 0.19 %
Chronic pain 6,742 (45) 1,061 (44) 0.24 658 (45) 0.64 290 (42) 0.09 a
Fall before 6 mo 3,835 (26) 508 (26) 0.98 275 (29) 0.07 169 (25) 0.46 %
Functional impairment (< 100) 1,886 (13) 320 (18) < 0.001 281 (20) < 0.001 - - g
Mental quality of life score, median (IQR) 56 (45-61) 55 (45-61) 0.02 54 (42-60) 0.01 55 (46-61) 0.74 5‘8
Poor physical quality of life (< 50) 10,105 (73) 932 (72) 0.50 243 (76) 0.20 468 (71) 0.25 §
*Because of the different numbers of missing values for each variable, the denominator may differ from total shown. tMissing survey variables include his- §
tory of falls, quality of life, and perceived health. Missing Barthel index variables include functional dependence, incontinence, and mobility issue. ‘8
ASA = American Society of Anesthesiologists; BMI = body mass index; IQR = interquartile range. §
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