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Abstract

Background: The purpose of this study was to evaluate the association between pre-injury Katz
Index of Independence in Activities of Daily Living (Katz ADL) functional status and discharge to
a facility in non-neurologically injured older trauma patients.
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Methods: Data were obtained from 207 patients in the Trauma Medical Home study cohort.
Multivariable logistic regression was performed to identify factors associated with non-home
discharge.

Results: Average patient age was 67.9 (SD 11.1). Patients were predominantly white (89.4%)
and female (52.2%) with a median ISS of 11 (IQR 9-14). The most common mechanism of
injury was fall (48.3%), followed by motor vehicle crash (41.1%). Nearly all patients (94.7%)
reported independence in activities of daily living prior to hospitalization for injury. Discharge
disposition varied, 51.7% of patients were discharged home, 37.7% to subacute rehabilitation,
10.1% to acute rehabilitation and 0.5% to long-term acute care. There was no relationship between
pre-injury independence and likelihood of discharge home (p=0.1331). Age (p<0.0001), BMI
(p=0.0002), Charlson comorbidity score of 3 or greater (p=0.0187), being single (p=0.0077), ISS
> 16 (p=0.0075) and being female with self-reported symptoms of anxiety and/or depression
over the past two weeks (p=0.0092) were associated with significantly greater odds of non-home
discharge.

Conclusions: Pre-injury Katz ADL is not associated with discharge disposition, though

other significantly associated factors were identified. It is imperative that discussions regarding
discharge disposition are initiated early during acute hospitalization. Trauma programs could
potentially benefit from implementing an inpatient intervention focused on building coping skills
for older patients exhibiting symptoms of anxiety or depression.

Keywords
Activities of daily living; Katz score; trauma; older adults; discharge location

BACKGROUND

As the United States undergoes a demographic shift, the average age of the population is
increasing, resulting in an increase in older patient admissions at trauma centers. Clinical
decision making is often more complex in this population, as older trauma patients often
require more multidisciplinary care and experience worse outcomes than equally-injured
younger patients. This is due to a variety of factors, including decreased physiologic reserve,
polypharmacy, and medical comorbidities, complicating both inpatient and outpatient
management. Older trauma patients are also discharged to a location other than home nearly
twice as often as their younger counterparts.1=4 Non-home discharge has unique and serious
implications for older adults; Lancaster et al. (2017) found that a quarter of patients who
were discharged to inpatient rehabilitation never returned home, despite nearly all patients
reporting living at home prior to injury.2

Several studies have investigated factors associated with discharge disposition in the trauma
population. Overall injury severity score (ISS), head abbreviated injury scale (AlS) score,
and Glasgow Coma Scale (GCS) at admission were found to be predictors of adverse
discharge disposition in trauma patients presenting after a fall.> In older patients admitted
with rib fractures, age, sex, race, mechanism of injury, number of rib fractures, and certain
comorbidities were independently associated with non-home discharge.> Additionally,
studies in patients with hip fractures have shown a relationship between prehospital
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dependence in activities of daily living and the need for post-acute care.® 7 However, data
on the use of a validated measure of functional independence to predict discharge disposition
in the older injured patient is limited. Factors associated with non-home discharge in non-
neurologically injured patients are of particular interest, as these patients typically have the
capacity to return to full function after injury.

The Katz Index of Independence in Activities of Daily Living (Katz ADL) is a validated,
six item questionnaire that measures ability to bathe, dress, toilet, remain continent, transfer,
and eat that was originally developed to assess patients who experience hip fracture.8 It
has since been used extensively to evaluate patients who had significant injury and is

one of the most popular measures of pre-hospital functional status.? 8 2 One study found
that Katz ADL score, along with various other factors, independently predicted discharge
to LTAC/skilled nursing facility versus home/rehabilitation in elderly trauma patients, but
no other studies have attempted to replicate these findings to date.* While the use of

Katz ADL as a tool to assess ability to complete basic activities of daily living is well
established, its relationship with discharge disposition in older trauma patients remains
relatively unexplored and unvalidated.

Given the paucity of data regarding functional independence and discharge disposition, the
primary objective of this study was to ascertain whether independence as measured by

the Katz Index of Activities of Daily Living is associated with discharge disposition in non-
neurologically injured older trauma patients. Our secondary objective was to identify any
potentially modifiable targets for intervention. We hypothesized that pre-injury dependent
functional status is associated with discharge to a facility.

METHODS
Study Cohort

Data were obtained from baseline surveys completed by 207 non-neurologically injured
patients in the Trauma Medical Home (TMH) study cohort, a prospective, randomized
controlled trial, enrolled from October 2017 to February 2020 at three level 1 trauma
centers in Indiana. The TMH study was approved by the Indiana University Institutional
Review Board and informed consent was obtained from all participants. Patients were
eligible for the TMH study if they were at least 50 years old, had an Injury Severity

Score (ISS) of 9 or higher, were able to consent, spoke English, and had access to a
telephone. Exclusion criteria were: history of dementing illness or other neurodegenerative
disease, life expectancy <1 year, significant traumatic brain injury, spinal cord injury with
persistent neurologic deficit, pregnancy, having a primary residence outside the state of
Indiana, incarceration at time of study enrollment, presence of acute stroke upon admission
or developing a stroke as a new event during hospitalization, inability to complete study
questionnaires due to severe hearing loss, recent history of substance or alcohol abuse, and
admission with a burn affecting >10% total body surface area. Details of the TMH study are
described elsewhere.10
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Study Variables

Demographic and clinical variables including age, sex, race, insurance status, comorbidities,
mechanism of injury, injury severity, and discharge disposition were abstracted from
electronic medical records. Patient-reported measures of depression, anxiety, health-related
quality of life, and pre-injury functional status, in addition to other demographic
information, were obtained via a baseline survey conducted during or shortly after the
patient’s hospital stay. Symptoms of anxiety and/or depression were defined as scoring

5 or higher on the GAD-7 or PHQ-9 questionnaires, which both assess for the presence

of depressive or anxious symptoms over the past two weeks. The cutoff value of 5

was selected as previous literature identified that score as the cutoff for mild depression
and/or anxiety.11 12 The main exposure variable was preinjury Katz ADL functional

status. Independent functional status was defined as reporting independence in all six basic
activities of daily living prior to injury on the Katz ADL, whereas dependent functional
status was defined as reporting dependence in at least one of the six basic activities of

daily living (i.e., a score of 5 or lower). The primary outcome of interest was discharge
disposition and discharging to a facility was defined as discharging anywhere besides home,
i.e., subacute rehabilitation, acute rehabilitation, or a long-term acute care hospital.

Statistical Analysis

Descriptive statistics were expressed as means and standard deviations for normally-
distributed continuous variables, medians and interquartile ranges for non-normally
distributed continuous variables, and frequencies and percentages for categorical variables.
Patients with incomplete or missing functional status data were excluded from analysis.
Demographic information, injury and hospitalization characteristics were compared between
patients who discharged home and those who discharged to a facility using chi2 and
Kruskal-Wallis tests. Covariates found to be associated with discharge disposition with

a pvalue of 0.20 or less in the univariate analysis were eligible for inclusion in the

initial multivariable logistic regression model, along with several pre-selected covariates

of interest based on the literature. Of note, Katz ADL score was analyzed in a binary fashion
(i.e., independent or dependent) due to the fact that the vast majority of patients reported
preinjury independence in all six categories. Control variables in the initial regression model
included age, sex, Body Mass Index (BMI), Charlson Comorbidity Index, marital status,
education level, caregiver status, mechanism of injury, injury severity score (ISS), functional
status, income, type of insurance, and symptoms of anxiety or depression. First order
interaction terms were included to assess for the presence of effect modification between
age and BMI, age and ISS, BMI and ISS, gender and symptoms of anxiety/depression,

and gender and caregiver status. Backwards elimination was used with variables requiring
significance of p<0.20 in order to be retained in the model. Candidate models were then
pared down by eliminating non-significant variables and the final model was chosen using
the Akaike Information Criterion (AIC). This method of analysis was performed on both
the full cohort and also an a. priori subgroup of patients without significant lower extremity
injury (lower extremity abbreviated injury score <2). This subgroup was selected because

it represents patients without lower extremity fracture who, generally speaking, would be
expected to be able to return home. An alpha level of 0.05 or lower was considered
statistically significant and all analyses were completed using SAS 9.4.
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Of the 217 patients enrolled in the TMH study, 10 patients were excluded due to missing or
incomplete functional status data. The remaining 207 patients with complete baseline data
were analyzed. The average patient age was 67.9 (SD 11.1). Patients were predominantly
white (89.4%) and female (52.2%) with a median ISS of 11 (IQR 9-14). The most
common mechanism of injury was fall (48.3%), followed by motor vehicle crash (41.1%).
Nearly all patients (94.7%) reported independence in basic activities of daily living prior
to hospitalization for injury and approximately half (49.8%) had an in-home caregiver.
The majority of patients had some kind of government insurance (Medicare or Medicaid;
65.2%). Over half of patients reported having symptoms of depression and/or anxiety
(53.3%). Overall discharge disposition varied; 51.7% (n=107) of patients were discharged
home, 37.7% to subacute rehabilitation (n=78), 10.1% to acute rehabilitation (n=21), and
0.5% to long-term acute care (n=1).

Upon multivariable logistic regression analysis of the full cohort, there was no relationship
between reported pre-injury independence and likelihood of discharge home (p=0.1331).
However, age, BMI, Charlson comorbidity score = 3, relationship status, 1SS = 16, and
symptoms of anxiety and/or depression were associated with significantly greater odds of
discharging to a facility. After adjusting for other variables, we identified a significant
interaction between sex and symptoms of anxiety and/or depression. Specifically, patients
exhibiting symptoms of anxiety or depression who were female had significantly higher
odds of discharging to a facility (OR=4.02, 95% CI 1.41-11.43) than male patients
exhibiting symptoms (OR=0.59, 95% CI 0.20-1.73), see Figure 1. Because 34.3% (n=71)
of patients completed the GAD-7 and PHQ-9 on or after the day of discharge and therefore
may have known their discharge location, a sensitivity analysis was performed including
only patients who completed the questionnaires at least two days prior to discharge (n=91).
The odds ratio for females with symptoms of anxiety or depression increased significantly
(OR=19.95, 95% CI 2.05-194.18) and the odds ratio for males remained small and
nonsignificant (OR=0.14, 95% CI 0.02-1.17).

Multivariable analysis of the subgroup of patients without significant lower extremity
injury (n=114) also demonstrated no relationship between reported pre-injury independence
and likelihood of discharge home. Age, BMI, sex, and ISS = 16 remained significantly
associated with discharge disposition in the final model after adjusting for other variables.

DISCUSSION

The purpose of this investigation was to determine if pre-injury functional status as
measured by the Katz ADL is associated with discharge disposition in non-neurologically
injured older adults. In this prospective study of 207 older injured patients, we found

that functional independence was not associated with discharge to a facility in both the
full cohort and the group of patients without significant lower extremity injury, which is
inconsistent with our initial hypothesis. These findings differ from the results of a study
by Dunham et al., who found that Katz score did predict discharge to a nursing home/
LTAC.# However, there are several notable differences between the two study populations

J Surg Res. Author manuscript; available in PMC 2023 March 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Holler et al.

Page 6

that could explain this discrepancy. First, the patient group analyzed by Dunham et al.
was significantly older than this cohort (average ages were 80 and 67.9, respectively).*
Dementia and permanent neurologic deficit were exclusion criteria in the present study and
our population was younger. While over 95% of patients were functionally independent
based on the Katz ADL in the current study, nearly half the patients were unable to go
directly home from the hospital. It is important to note that Dunham et al.’s outcome of
interest was discharge to a nursing home or LTAC versus a rehabilitation facility or home.
This differs from our primary outcome, which was any non-home discharge. It is possible
that pre-injury Katz ADL is associated with discharge disposition in a less healthy older
population but the association weakens when used for a non-neurologically injured older
trauma population that had high pre-injury functional status.

The current literature identifies age as an important factor in the determination of discharge
disposition and our results support this conclusion. Injury severity score, and gender are also
well-supported by the literature as factors associated with discharge disposition in trauma
patients. A study by Beaulieu et al. (2014) found that age, female sex, admission to the
intensive care unit, hospital length of stay, and comorbidities all predicted discharge location
in a sample of nearly 3,000 trauma patients. In an investigation of non-home discharge in
older trauma patients presenting with rib fractures, Halevi et al. (2017) reported age, female
sex, Caucasian race, number of rib fractures, and comorbidities as factors significantly
associated with adverse discharge disposition.! Similar to Halevi’s results and the results of
other studies, we found that a Charlson comorbidity score of 3 or greater was associated
with greater odds of discharge to a facility in the full cohort.# 14 This highlights the fact

that patients with multiple comorbidities may need extra assistance when trying to manage
comorbid health conditions and a concomitant acute injury. However, when we focused on
the sub-group without significant lower extremity injuries, comorbidities were not associated
with discharge disposition. This indicates that patients with lower extremity injury and high
levels of comorbidities could potentially benefit from early discharge planning and from
coordinated care in an outpatient setting in order to avoid a discharge to a place other than
home.

While we found female sex to be associated with greater odds of discharge to a facility in
both the full cohort and the subgroup of patients without significant lower extremity injury
and the literature is generally supportive, there are a few studies that present contradictory
evidence. For example, James et al. (2018) found female sex to be non-significant in an
analysis of 1,121 trauma patients presenting after a fall, and a study by Deakin et al.

(2008) found males to have 2.5 times the odds of non-home discharge compared to females
after hospitalization for hip fracture.> 8 It is important to note that living alone was not

a significant factor in either study. The mechanism behind these differences is not readily
apparent.

The association between relationship status and discharge disposition in trauma patients is
supported by the literature. Konda et al. (2020) found that single, divorced, or widowed
patients had significantly greater odds of discharging to a facility than married patients, even
after controlling for age, gender, medical characteristics, and insurance type.1° Relationship
status can be considered a proxy for social support, which has been shown to predict
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discharge disposition in several populations.16: 17 Patients who perceive themselves as
having substantial social support may feel better equipped to handle going home, as they
know they will have help available even if they live alone.

Insurance status was not a significant factor in our analysis, contradicting the findings of
several other studies. One possible explanation for this discrepancy is the older age of this
study’s cohort; patients under the age of 50 were excluded and the vast majority of patients
were insured either publicly or privately. Uninsured patients are more likely to discharge
home even if rehabilitation is recommended, often due to a lack of financial resources.18

Perhaps one of the most interesting findings of this study was the significant association
between self-reported symptoms of anxiety or depression over the past two weeks and
discharge disposition. While it appears that this study may be the first investigating
prospectively ascertained symptoms of anxiety and depression in relation to discharge
location in non-neurologically injured older adults, these results do generally align with

the findings of studies in other populations. In one study of 608 patients undergoing surgery
for spondylolisthesis, patients with depression had nearly four times the odds of non-routine
discharge (OR 4.28, 95% CI 1.96-9.35, p<0.001).1% However, anxiety was not significant
in their analysis. Another study by Rondon et al. found that depression was significantly
associated with discharge to inpatient rehabilitation facilities after total knee arthroplasty
(OR 1.73, p=0.006).20 Of note, the interaction we observed between sex and symptoms of
anxiety or depression is supported by the literature as studies show that women are more
likely than men to have one of these conditions.?1: 22

While the vast majority of the variables discussed are non-modifiable, symptoms of anxiety
and/or depression are a potential target for intervention. There is a wealth of literature
linking psychological comorbidities like depression and anxiety to worse outcomes in
trauma patients, though the mechanism behind this association is unknown.23-26 Trauma
programs could potentially benefit from implementing a depression and anxiety screening
protocol for patients and following up with a brief psychosocial intervention as part of

a collaborative care model, or providing patients with self-education materials to enhance
coping skills. Inpatient interventions for smoking cessation have been shown to be both
beneficial to patients and cost-effective, and could be used to guide development of

similar programs for trauma patients.2” 28 Improving patient coping skills via an inpatient
intervention could potentially help patients feel better equipped to handle discharging home,
leading to increased patient quality of life, satisfaction, and lower healthcare costs.

While it may be a complex process, early discharge disposition planning in older adults has
substantial benefits. A meta-analysis by Fox et al. (2013) found that early discharge planning
in acutely ill and injured geriatric patients reduced the number of hospital readmissions,
readmission length of stay, and improved both health-related and overall patient quality of
life.29 Early initiation of the discharge disposition conversation also has the added benefit of
mentally-preparing patients for the possibility of non-home discharge, even though they may
have been functionally independent prior to injury. Discharge disposition planning should

be initiated with at-risk patients as soon as possible to establish clear discharge expectations
and help prepare them for the possibility of going to a facility.
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Strengths and Limitations

This study has several strengths. To the best of the authors’ knowledge, this is the second
and largest study investigating the association between pre-injury Katz ADL and non-home
discharge in older trauma patients. A merit of this study is the subgroup analysis of patients
without significant lower extremity injury, which provides insight into factors associated
with discharge to a facility in patients whom physicians might expect to be able to go home.
In addition, prospectively gathered self-report data on depression and anxiety symptoms is
significantly more reliable than relying on ICD-9/10 codes from the EMR, as is common
practice in retrospective studies. This study does have important limitations. First, we
assumed in this study that discharging home is a good thing and it is unclear if that is
actually the case. It’s possible that discharging to a facility is actually more beneficial to
patients and is a desirable outcome in certain circumstances. Second, this was a relatively
small study limited to three level I trauma centers in Indiana so the results may not be
generalizable to the overall non-neurologically injured older trauma population. Since the
TMH study only enrolled patients who had the potential to make a full recovery (i.e.,
neurologically injured patients were excluded), the study cohort does not represent all
trauma patients ages 50 and older. Approximately one third of the patients knew their
discharge disposition at the time of the baseline survey and that could have contributed

to self-reported anxiety and/or depression. However, the results of the sensitivity analysis
including only patients who completed the GAD-7 and PHQ-9 at least two days prior to
discharge support our initial findings and suggest that symptoms of anxiety and depression
is an important factor for women. As with any prospective study, it is possible that there
are inherent differences between the patients who agreed to enroll in the study and those
who declined participation. Finally, there is also the potential for unmeasured confounders
or residual confounding distorting the estimates, despite our best efforts to minimize this.

Future Directions

Conclusion

Currently, there is little research available on the relationship between pre-injury functional
status and non-home discharge. Future studies investigating other measurements of pre-
injury functional status, such as the Lawton Instrumental Activities of Daily Living Scale,
would contribute to the body of knowledge and help further characterize the relationship
between functional independence and discharge disposition. The authors also suggest pilot
studies evaluating the effectiveness of a brief intervention in promoting discharge home

in older non-neurologically injured trauma patients reporting symptoms of anxiety or
depression.

Our results suggest that pre-injury functional status is not associated with discharge
disposition in non-neurologically injured older trauma patients. While patient injuries and
ability to participate in therapy play a large role in decision making, there are also various
non-modifiable and modifiable factors that can be used to identify patients at greater risk of
discharging to a facility. Discharge disposition conversations should be initiated as early as
possible to prepare patients for the possibility of not going home. Self-reported symptoms
of anxiety and depression are a potential target for an inpatient intervention, and teaching
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patients coping skills could potentially help them to discharge home. Additional research is
needed to investigate the effectiveness of such interventions in older trauma patients.
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Study Cohort Characteristics

Table 1.
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Variable Total (n=207) Discharged home (n=107) | Discharged to facility (n=100) | P-value
Age, mean (SD) 67.9 (11.1) 64.3 (10.3) 71.8 (10.8) 0.00017
BMI, median (IQR) 29.7 (26.0-35.2) | 29.5 (25.2-33.6) 30.1 (26.9-36.4) 00358~
Charlson comorbidity score, N (%) 0.0004
0 114 (55.1) 72 (67.3) 42 (42.0)
1-2 69 (33.3) 29 (27.1) 40 (40.0)
3+ 24 (11.6) 6 (5.6) 18 (18.0)
Male, N (%) 99 (47.8) 65 (60.8) 34 (34.0) 0.0001
Race, minority, N (%) 22 (10.6) 10 (9.4) 12 (12.0) 0.5358
Relationship status, N (%) 0.0009
Married or part of unmarried couple 108 (52.2) 69 (64.5) 39 (39.0)
Single 99 (47.8) 38 (35.5) 61 (61.0)
Insurance status, N (%) <0.0001
Commercial 61 (29.5) 43 (40.2) 18 (18.0)
Government 135 (65.2) 55 (51.4) 80 (80.0)
Other 11 (5.3) 9(8.4) 2(2.0)
Individual annual income, N (%) 0.0200
Less than $25,000 35 (16.9) 13 (12.2) 22 (22.0)
$25,000 — less than $50,000 38 (18.4) 22 (20.6) 16 (16.0)
$50,000 or more 54 (26.1) 36 (33.6) 18 (18.0)
Did not wish to disclose 80 (38.7) 36 (33.6) 44 (44.0)
Education, N (%) 0.0855
Up to high school/GED 75 (38.1) 32 (3L.1) 43 (45.8)
Some college/Associates/Bachelors 87 (44.2) 49 (47.6) 38 (40.4)
Masters or Doctorate degree 35 (17.8) 22 (21.3) 13 (13.8)
Caregiver (in-home), N (%) 0.0301
Yes 120 (58.3) 70 (65.4) 50 (50.5)
No 86 (41.7) 37 (34.6) 49 (49.5)
Functional status, N (%) 0.2958
Independent 196 (94.7) 103 (96.3) 93 (93.0)
Dependent 11 (5.3) 4(3.7) 7(7.0)
Injury severity score, N (%) 0.0348
9-15 162 (78.3) 90 (84.1) 72 (72.0)
16+ 45 (21.7) 17 (15.9) 28 (28.0)
Mechanism of injury, N (%) 0.0075
Fall 100 (48.3) 45 (24.1) 55 (55.0)
Motor vehicle crash 85 (41.1) 44 (41.1) 41 (41.0)
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Variable Total (n=207) Discharged home (n=107) | Discharged to facility (n=100) | P-value
Other 22 (10.6) 18 (16.8) 4(4.0)
Hospital length of stay, median (IQR) 6 (3-9) 4 (2-6) 7.5 (5.5-11.5) <0.0001 7%
Symptoms of depression/anxiety, N (%) 0.0978
Yes 122 (59.8) 57 (53.3) 65 (65.0)
No 82 (40.2) 48 (44.9) 34 (34.0)

Bolded values indicate statistical significance.

*
Kruskal-Wallis test; Insurance: other = self-pay or worker’s comp. Breakdown of discharge disposition: Home n=107, 51%; Acute Rehabilitation
n=21, 10.1%; Subacute rehabilitation n=78, 37.7%; LTAC n=1, 0.5%; Numbers may not equal total due to nondisclosure by patients; statistical

analysis was performed on non-missing data.
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Multivariable Logistic Regression, Discharge to Facility vs Discharge Home — Full Cohort

Table 2.

Variable Adjusted Odds Ratio (95% CI) | P-value
Age 1.09 (1.05-1.13) <0.0001
BMI 1.12 (1.05-1.18) 0.0002
Charlson comorbidity score

0 Referent

1-2 1.67 (0.75-3.74) 0.2093

3+ 4.14 (1.27-13.55) 0.0187
Relationship status

Married or in a relationship Referent

Single 2.78 (1.31-5.91) 0.0077
1SS=16 3.09 (1.37-7.23) 0.0075
Independent 3.36 (0.73-18.16) 0.1331
Symptoms of anxiety or depression

Female 4.02 (1.41-11.43) 0.0092

Male 0.59 (0.20-1.73) 0.3381

Bolded values indicate statistical significance.
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Table 3.

Multivariable Logistic Regression, Discharge to Facility vs Discharge Home — Patients without significant
lower extremity injury (lower extremity AlS <2)
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Variable | Adjusted Odds Ratio (95% CI) | P-value
Age 1.12 (1.06-1.18) <0.0001
BMI 1.11 (1.01-1.21) 0.0285
Female 3.01 (1.14-8.39) 0.0293
1SS=16 3.61 (1.19-11.86) 0.0271

Bolded values indicate statistical significance.
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Table 4.

Study Cohort by Age Group and Discharge Location

Age Group, n (%)

Total (n=207)

Discharged Home (n=107)

Discharged to Facility (n=100)

50-59 61 (29.5) 44.(72.1) 17 (27.9)
6069 59 (28.5) 34 (57.6) 25 (42.4)
70-79 47 (22.7) 16 (34.0) 31 (66.0)
80-89 34 (16.4) 11 (32.4) 23 (67.6)
90+ 6(2.9) 2(33.3) 4(66.7)

Percentages displayed in the ‘Discharged Home’ and ‘Discharged to Facility” columns represent the percentage of the age group.
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