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Abstract

Background Single-level falls (SLFs) in the older US population is a leading cause of hospital admission and rates are
increasing. Unscheduled hospital readmission is regarded as a quality-of-care indication and a preventable burden
on healthcare systems. We aimed to characterize the predictors of 30-day readmission following admission for SLF
injuries among patients 65 years and older.

Methods We conducted a retrospective cohort study using the Nationwide Readmission Database from 2018
to 2019. Included patients were 65 and older, admitted emergently following a SLF with a primary injury diagnosis.
Hierarchical logit regression was used to model factors associated with readmission within 30 days of discharge.

Results Of 1,338,905 trauma patients, 65 years or older, 61.3% had a single-level fall as the mechanism of injury.
Among fallers, the average age was 81.1 years and 68.5% were female. SLF patients underwent more major thera-
peutic procedures (56.3% vs. 48.2%), spent over 2 million days in the hospital and incurred total charges of over $28
billion annually. Over 11% of SLF patients were readmitted within 30 days of discharge. Increasing income had a mod-
est effect, where the highest zip code quartile was 9% less likely to be readmitted. Decreasing population density

had a protective effect of readmission of 16%, comparing Non-Urban to Large Metropolitan. Transfer to short-term
hospital, brain and vascular injuries were independent predictors of 30-day readmission in multivariable analysis (OR
2.50, 1.31,and 1.42, respectively). Palliative care consultation was protective (OR 0.41). The subsequent hospitalizations
among those 30-day readmissions were primarily emergent (92.9%), consumed 260,876 hospital days and a total

of $2.75 billion annually.

Conclusions SLFs exact costs to patients, health systems, and society. Transfer to short-term hospitals at discharge,
along with brain and vascular injuries were strong predictors of 30-day readmission and warrant mitigation strategy
development with consideration of expanded palliative care consultation.
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Introduction

The elderly population, 65 years and older, in the United
States (USA), has grown by over a third since 2010; no
other age group experienced such a rapid increase (Hol-
leran 2015; https://www.census.gov/newsroom/press-
releases/2020/65-olderpopulation-grows.html).  There
were 54.1 million people aged 65 and older in 2019 in
the USA, a 36% increase since 2009 compared to a 3%
increase of people under the age of 65 (https://acl.gov/
sites/default/files/Aging%20and%20Disability%20in%
20America/2020ProfileOlderAmericans.Final_pdf). The
elderly population is expected to represent 23.4% of the
total population by the year 2060, compared to 15.2%
in 2016, people aged 85 and older is expected to triple
(https://www.census.gov/library/stories/2018/03/grayi
ng-america.html). This leads to an increased population
with a higher risk of frailty and disability as the elderly
live longer with chronic diseases (Rowe et al. 2016). Fur-
ther, the elderly have been found to incur higher health-
care costs making up 23% of admissions and 28% of total
hospital charges (Richmond et al. 2002).

Falls in the elderly are a major cause of geriatric injury.
They are associated with functional decline, and are
the leading cause of emergency department (ED) visits,
injury, and death (Sterling et al. 2001; Liu et al. 2015;
Bonne and Schuerer 2013). From 2011 to 2015, there
was a 30% increase in hospital admissions due to falls
and a 6% increase in fall patients subsequently admitted
to skilled nursing facilities (Khurrum et al. 2021). Falls
in the elderly population have the potential for serious
injury and poor outcomes leading to potential hospital
readmission for subsequent falls (Galet et al. 2018).

As of March of 2023, 65,748,297 people were enrolled
in Medicare, an increase of nearly 100,000 in 6 months
(https://medicareadvocacy.org/medicare-enrollment-
numbers/). Medicare’s annual spending is projected
to double from 2019 to 2029, from $782 billion to $1.5
trillion (Chernew et al. 2021). When Medicare was
launched in 1965 regulated payments were received with
no limits on volume of services and minimal oversight
in the coordination of care (Ayanian 2009). In response
to concerns over the sustainability of the Medicare sys-
tem, approaches to contain costs concurrent with qual-
ity improvement have been implemented and evaluated
(Ayanian 2009; Gupta et al. 2018; Yeung et al. 2021; Vad-
nais et al. 2020). The rising US elderly population obtain-
ing Medicare coverage, coupled with increasing costs of
medical care, accentuate the acute responsibility health-
care professionals have in advancing coordination of
health care directed toward tapering preventable read-
missions among the elderly.

All-cause 30-day readmission patterns need to be iden-
tified and prevented. This study seeks to characterize the
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inpatient clinical course of geriatric patients, 65 years
and older, injured from a single-level fall (SLF). The aim
of this study was to characterize the predictors of read-
mission within 30 days of discharge following a SLF. We
hypothesize comorbidity, injury, and discharge patterns
among patients interact with index admissions for SLFs
and increase risk of all-cause 30-day readmission.

Methods

We conducted a retrospective cohort study using data
from the Nationwide Readmissions Database (NRD) for
the years 2018 and 2019. The NRD is a data product of
the Healthcare Cost and Utilization Project (HCUP) from
the Agency for Healthcare Research and Quality (AHRQ)
which is under the US Department of Health and Human
Services. The NRD is constructed as a 100 percent sam-
ple of hospital discharge data from the 28 and 30 states
contributing data to the State Inpatient Databases, for
2018 and 2019, respectively (https://www.hcupus.ahrq.
gov/db/nation/nrd/Introduction_NRD_2019.pdf).  The
inclusion and exclusion criteria, as applied to 2 years of
the NRD, produced a very large sample size. As such, all
differences in this analysis were statistically significant at
the P<0.05 level, unless otherwise indicated. The NRD
contains discharge data beginning in 2010; however, a
greater sample size would not augment results, as the
current 2-year sample size produced significant find-
ings with minimal effect sizes. In addition, by utilizing
the NRD from 2018 to 2019 we provide a current report
pertaining to trends and costs involving national esti-
mates pertaining to SLFs and 30-day readmission. The
hospitals contributing data include all nonfederal short-
term general and specialty hospitals, including academic
medical centers, whose facilities and care are available
to the public (https://www.hcupus.ahrq.gov/db/nation/
nrd/Introduction_NRD_2019.pdf). The NRD links suc-
cessive hospital discharges using a synthetic, anonymous
linkage number to track patients across hospitals within
a particular state for the given calendar year. In addition
to the advantage of linking subsequent hospitalizations,
the NRD provides a weighting variable for each discharge
record to allow for US population-level inferences. For
clarity, when inferences are extrapolated to the popula-
tion level in this report, they are referred to as “weighted
discharges”

Inclusion in the study required the patients be
65 years-old or older and their admission classified as
non-elective. Patients were classified as having suffered a
SLF if their discharge diagnoses included any of the fol-
lowing International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) codes:
V00381A, VO0811A, V00831A, WO00XXA, WO01XXA,
WOIXXXA, WO3XXXA, WO50XXA, WO052XXA,
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WO6XXXA, WO7XXXA, WO8XXXA, WI0IXXA,
W1811XA, WI1812XA, WI82XXA, WI830XA,
W1831XA, W1839XA. Further, patients were consid-
ered trauma admissions if their first diagnosis code began
with “S” or were T8404%, T794*, T796% T797%, T79A%,
and ended with the characters “A;” “B; or “C” indicat-
ing the initial healthcare encounter for those diagnoses.
See Table 1 for definitions of the ICD-10-CM codes. If
patients had multiple hospitalizations in the year and
none of the hospitalizations were for a SLF, the first hos-
pitalization was selected for comparison. If patients had
multiple hospitalizations and one or more were for a SLF,
the first SLF hospitalization was included for compari-
son. Then, to develop estimates of risk factors for read-
mission, discharge records were excluded if the patient
died during the hospitalization. Patients hospitalized in
the twelfth month of either 2018 or 2019 were excluded
from analysis because the NRD methodology constructs
files using one calendar year. Readmissions occurring in
subsequent calendar years are not linked to hospitaliza-
tions in the prior year(s) (https://www.hcupus.ahrq.gov/
db/nation/nrd/Introduction_NRD_2019.pdf). The inclu-
sions and exclusions are enumerated in Fig. 1.
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Elixhauser Comorbidity Readmission Index presented a
set of comorbidity measures to predict effects on patient
outcomes (Elixhauser et al. 1998), that was further vali-
dated (Epstein and Dexter 2017; Mehta et al. 2022), lead-
ing to subsequent model development assessing risk of
in-hospital mortality and readmission (Moore et al. 2017)
provided through the AHRQ HCUP (www.hcup-us.ahrq.
gov/toolssoftware/comorbidityicd10/comorbidity_icd10.
jsp). The chronic comorbid disease burden was char-
acterized using the Elixhauser Comorbidity Readmis-
sion Index by mapping diagnoses ICD-10-CM codes to
Elixhauser comorbidity measures table available from
the HCUP Elixhauser Comorbidity Software refined
for ICD-10-CM diagnoses, v2022.1 (Moore et al. 2017;
www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/
comorbidity_icd10.jsp). The severity of anatomic injury
was enumerated as the probability of death estimated by
the trauma mortality prediction model (TMPM) for the
ICD-10-CM lexicon (Osler et al. 2019). Patients were
identified as having had a palliative care consult during
their hospitalization if their records included the ICD-
10-CM code, Z515, encounter for palliative care. Injuries
were similarly identified according to the ICD-10-CM

Table 1 ICD-10-CM code classification of hospital admission due to a single-level fall

ICD-10-CM codes

VOO381A Fall from other flat-bottomed pedestrian conveyance, initial encounter
VOO0811A Fall from moving wheelchair (powered), initial encounter

VO0831A Fall from motorized mobility scooter, initial encounter

WOOOXXA Fall on same level due to ice and snow, initial encounter

WOO1XXA Fall from stairs and steps due to ice and snow, initial encounter

WO3XXXA Other fall on same level due to collision with another person, initial encounter
WO50XXA Fall from non-moving wheelchair, initial encounter

WO52XXA Fall from non-moving motorized mobility scooter, initial encounter

WOBXXXA Fall from bed, initial encounter

WO7XXXA Fall from chair, initial encounter

WO8XXXA Fall from other furniture, initial encounter

W1T01XXA Fall (on)(from) sidewalk curb, initial encounter

W1811XA Fall from or off toilet without subsequent striking against object, initial encounter
W1812XA Fall from or off toilet with subsequent striking against object, initial encounter
W182XXA Fall in (into) shower or empty bathtub, initial encounter

W1830XA Fall on same level, unspecified, initial encounter

W1831XA Fall on same level due to stepping on an object, initial encounter

W1839XA Other fall on same level, initial encounter

Further trauma admission code if code ends with characters A, B, C (Initial encounter)

S Injuries and external causes

T8404* Mechanical complication of internal joint prosthesis

T794% Traumatic shock

T796* Traumatic ischemia of muscle

T797% Traumatic subcutaneous emphysema

T79A* Traumatic compartment syndrome
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NRD 2018 & 2019

35,808,058 records
26,171,256 patients

|

Emergency Admission Exclude
N=28,600,502 records 7,207,556 Patients
Age 65 and Older Exclude
N=14,902,473 records 20,905,585 Patients
Tra_umatlclnjury Exclude
N-755:427 Tecords 7,610,172 Patients
(1,338,905 weighted discharges)
Single Level Fall Exclude
N= 471,351 records > 284,076 Patients
(820,492 weighted discharges) (518,413 weighted discharges)

l

Died

Or missing discharge

l - Exclude
| December Discharge l—» 40,559 Patients

Exclude
12,062 Patients

(70,245 weighted discharges)

Ng,¢ = 418,730 records
(729,279 weighted discharges)

Fig. 1 Inclusion and exclusion criteria flow diagram

diagnostic code lexicon. Procedures were classified as
major diagnostic according to the HCUP Procedure
Classes redefined for ICD-10-PCS. Procedures are classi-
fied as major based on whether or not they are expected
to be performed in an operating room (www.hcup-us.
ahrq.gov/toolssoftware/procedureicd10/procedure_
icd10.jsp). We also evaluated the characteristics of the
subsequent hospitalization among those emergently
readmitted within 30 days of discharge from their index
SLF hospitalization.

Tests of significance for dichotomous and categori-
cal variables for dichotomous outcomes used the Chi-
squared test. Following assessment for normality with
the Shapiro—Wilk test (Shapiro and Wilk 1965), normally
distributed continuous variables were tested using the
t-test for unequal variance. Continuous variables with
nonparametric distributions were compared by dichoto-
mous outcomes using the rank sum test. Crude odds
ratios were computed to estimate the size and direction
of associations of descriptive variables with the outcomes
of interest. Hierarchical logit regression was used to
model factors associated with 30 days of discharge. The
independent variables were selected for inclusion by the
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process of purposeful selection, described by Hosmer,
Lemeshow, and Sturdivant (Hosmer et al. 2013). The
treating hospital identifier was included as the random
parameter in the models. The most parsimonious mod-
els are presented. The model’s ability to discriminate
those readmitted within 30 days of discharge from non-
readmitted patients was estimated using the area under
the receiver operating characteristic curve (Swets et al.
1961). In response to the substantial sample size, result-
ing in significance associated with limited practical appli-
cation, variables of interest had effect sizes approaching
30% or incident rates greater than 10%. Statistical calcu-
lations were performed using STATA v.17.0 (Stata, Inc.,
College Station, TX).

Results

After exclusion of all patients younger than 65 years-old
and those whose admission was deemed elective, the
remaining 14,902,473 weighted discharges were retained
in the group. Traumatic injury accounted for 1,223,877
weighted discharges among elders in the USA for 2018
and 2019. Patients whose emergent admission was due
to injuries from a SLF (n="748,544 weighted discharges
[61.2%]) were compared to those admitted for other
mechanisms of injury (n=475,333 [38.8%]). SLF patients
were, on average, older (mean 81.1 years [95% CI 81.0—
81.1]) than the non-fall patients (78.6 [95% CI 78.5—
78.7]), and had a greater proportion of females, 68.6%
(95% CI 68.3-68.9%) versus 58% (95% CI 57.4—58.5%).
The majority of the cohort were insured by Medicare/
Medicaid (94.1% of SLF and 84.9% of non-SLF). Chronic
comorbid conditions were more prevalent in the SLF
group. The median (IQR) Elixhauser Comorbidity Read-
mission Index was 12 (22) among SLF group and 8 (21)
among the non-SLF group. The majority of the SLF group
were discharged to a skilled nursing, intermediate care
facility (67.1%), compared to 54.6% of the non-SLF group.
Among the SLF group, 2.6% died in the hospital, whereas
3.6% of the non-SLF patients died.

The rates of all-cause 30-day readmission at any time
interval in the dataset were 6.8% greater in the SLF group
compared to the non-SLF patient group, 26.1% versus
19.3%, respectively. The median interval to readmis-
sion was comparable (43 days versus 41 days) and rate
of readmission within 30 days was equivocal (40.7% ver-
sus 42.2%). The descriptors of patient zip code income
quartile, hospital urban/rural designation, and hospital
teaching designation were also similar between SLF and
non-SLF patient groups.

There were important differences between groups in
terms of therapeutic procedures per person during hos-
pitalization. SLF patients underwent more major thera-
peutic procedures than the non-SLF patients, 56.3% (95%
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CI 55.7-56.9%) versus 48.2% (95% CI 47.6—48.7%). The
length of stay (LOS), palliative care consults, and hospi-
tal costs were equivocal between groups. The total hos-
pital cost for the weighted sample of SLF discharges was
estimated to be greater than $28.2 billion annually with a
total of 4.6 million days spent in the hospital during the
study period. See Table 2.

Next, the cohort was restricted to the 729,279 patients
aged 65 years and older who were emergently admitted
for treatment of traumatic injuries sustained from a SLF
and survived their index hospitalization. We compared
this group of patients according to their readmission
status. From this group, 85,287 (11.7%) were readmitted
within 30 days. Patients readmitted were slightly older, on
average, 81.3 years versus 81.0 years in the no readmis-
sion group. The OR of 1.006 indicates an increase in the
odds of readmission of 6% for each 10-year increase when
greater than 65 years of age. There were fewer females in
the 30-day readmission group relative to the non-read-
mitted group, 62.1% versus 69.9%, with an unadjusted
OR of 0.69 (95% CI 0.68-0.71). Similarly, compared to
Medicare/Medicaid insurance, private insurance and
uninsured status were negatively associated with 30-day
readmission (private insurance OR 0.83 [95% CI 0.79—
0.88] uninsured OR 0.75 [95% CI 0.62—0.90]).

When injury categories were compared for associa-
tion with readmission, a majority of the categories had
P values <0.05, effect sizes, as indicated by crude ORs,
were modest. Injuries with the largest unadjusted odds of
30-day readmission included the urinary system (kidneys,
ureter, bladder, or urethra) (OR 1.38 [95% CI 1.17-1.64]),
vascular injury (OR 1.35 [95%CI 1.10-1.65]), traumatic
brain injury (TBI) (OR 1.31 [95% CI 1.28-1.34]), intra-
abdominal solid organ (pancreas, liver, spleen, or adre-
nal) (OR 1.25 [95% CI 1.08-1.46]), spinal cord injuries
(OR 1.29 [95% CI 1.16-1.44]), and skull fracture (OR
1.22 [95% CI 1.11-1.33]). The collective burden of injury
was greater among the 30-day readmission group, with a
median (IQR) TMPM probability of death of 2.3% (1.4%)
compared to the non-readmitted group, 2.1% (1.4%),
unadjusted OR 1.12 (95% CI 1.10-1.13).

Similar to the injury categories, a majority of the
comorbid chronic diseases demonstrated associations
with 30-day readmission with P values <0.05 and mod-
est effect sizes. Severe liver disease and severe renal
failure showed the highest unadjusted odds of 30-day
readmission, 2.20 (95% CI 1.99-2.43) and 2.18 (95% CI
2.10-2.25), respectively. A patient with previous heart
failure was 1.75 (95% CI 1.72-1.79) times more likely to
be readmitted and 1.66 (95% CI 1.62—1.69) times if the
patient had complicated hypertension. Comorbid condi-
tions further involving the circulatory system (anemia,
coagulopathies, chronic pulmonary disease, valvular
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disease) increase readmission risk from 30 to 42%. There
was a 54% increased risk of readmission among patients
with complicated diabetes (95% CI 1.51-1.58). Moder-
ate renal disease also increased risk of readmission by
35% (95% CI 1.32—-1.38). Patients with obesity (9.4%) and
patient weight loss (9.5%) were 22% and 35% more likely
to be readmitted, respectively. When the accumulated
burden of comorbidity was compared between groups
with the Elixhauser Comorbidity Index for Readmission,
the median (IQR) value for the readmitted group was 5
points higher, 16 (25) versus 11 (20), with an unadjusted
OR of 1.03 (95% CI 1.03-1.03). Demonstrating a 1-point
increase in Elixhauser Comorbidity Index for Readmis-
sion score increased the chances for readmission by 3%.
The patients’ discharge dispositions were associated
with the likelihood of being readmitted within 30 days
of discharge from the acute hospitalization. Compared
to routine discharge to home, patients transferred to
a short-term hospital were 2.7 times more likely to be
readmitted and patients leaving against medical advice
were 2.1 times more likely, 95% CI 2.46-2.89 and 1.84—
2.34, respectively. SLF patients were more likely to be
discharged to a skilled nursing facility (SNF) (72.9%)
compared to other discharge destinations, with a 39%
increased odds of 30-day readmission compared to rou-
tine discharge home (95% CI 1.35-1.43). Increasing home
zip code income quartile among fallers was associated
with decreasing odds of being readmitted within 30 days,
though once again effect size was modest, with the high-
est income quartile being 9% less likely to be readmitted
compared to the lowest quartile. Comparing discharge
from hospitals in large, metropolitan areas, succes-
sively less dense population concentrations were also
associated with decreasing odds of readmission within
30-day. Hospitals in small metropolitan areas, micropo-
litan areas, and non-urban areas were associated with
unadjusted ORs of 0.97, 0.88, and 0.84, respectively. The
median (IQR) LOS was longer among the 30-day readmit
patient group, 5 (4) versus 4 (3). Palliative care consults
were less common in the readmitted patient group, 1.6%
versus 3.0% (OR 0.56 [95% CI 0.52—0.61]. See Table 3.
The hierarchical logit regression model demonstrated
varying associations with 30-day readmission among
predictors related to patient demographics, injury cat-
egories, procedure classes, and discharge disposition.
Similar to univariate analysis age also showed a posi-
tive association with 30-day readmission with an OR of
1.006 (95% CI 1.005-1.009). The indices of injury severity
(TMPM probability of death) and the Elixhauser Comor-
bidity Index for Readmission were each positively associ-
ated with increasing odds of 30-day readmission, OR 1.03
(95% CI 1.01-1.05) and 1.03 (95% CI 1.03-1.03), respec-
tively. Interestingly, the variable female sex demonstrated
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Table 2 Characteristics of 1,223,877 weighted injury hospitalizations among US adults 65 years and older by SLF status
Nyyeightea = 1,223,877 Single-level falls No single-level fall P
Prevalence, n 748,544 475,333
% (95% Cl) 61.2 (60.3-62.0) 38.8(38.0-39.7)
Age, years, mean (95% Cl) 81.1(81.0-81.1) 78.6 (78.5-78.7)
Sex, female, %, (95% Cl) 68.6 (68.3-68.9) 58.0 (57.4-58.5)
Payer status %, (95% Cl)
Medicare/medicaid 94.1 (93.8-94.4) 84.9 (84.3-85.6)
Private insurance 4.1 (3.8-4.4) 11.4(10.9-12.0)
Uninsured 0.3(0.2-04) 0.6 (0.6-0.7)
No charge 0.02 (0.01-0.04) 0.03 (0.02-0.05)
Other payer 1.5(14-1.6) 30(27-32)
Elixhauser Comorbidity Readmission Index,
Median (IQR) 12 (22) 8(21)
Discharge disposition, %, (95% Cl)
Routine 13.1(12.8-13.5) 23.8(23.3-244)
Transfer to short-term hospital 0.9 (0.8-1.0) 1.0 (0.9-1.1)
Skilled nursing, intermediate care 67.1 (66.6-67.6) 546 (54.0-55.3)
Home health care 15.9 (15.6-16.3) 164 (16.0-16.8)
Left against medical advice 04 (0.3-0.5) 0.4 (04-0.5)
Died 2.6(2.5-26) 36(3.5-3.8)
All-cause readmission, % (95% Cl) 26.1(25.8-26.3) 19.3(19.1-19.6)
Days to readmission, median (IQR) 43 (88) 41 (91)
30-day readmission, %, (95% Cl) 40.7 (41.4-42.0) 42.2(41.8-42.7)
Zip code income quartile, %, (95% Cl)
$1-$37,999 22.9(21.9-24.0) 24.6 (23.5-25.8)
$38,000-547,999 27.5(26.6-283) 27.9(27.0-28.8)
$48,000-563,999 263 (25.5-27.1) 26.1 (25.3-26.9)
564,000+ 23.3(22.1-24.6) 21.4(20.2-22.6)
Year, %, (95% Cl) 0.02
2018 478 (46.2-51.3) 49.0 (46.0-52.0)
2019 513 (48.6-53.8) 51.0 (48.0-54.0)
Hospital urban/rural designation, %, (95% Cl)
Large metropolitan,> 1 Million population 52.6 (50.0-55.1) 51.1 (48.1-54.1)
Small metropolitan, < 1 Million population 39.2 (36.6-41.7) 40.5 (37.5-43.6)
Micropolitan, 10,000-50,000 population 6.6 (5.9-7.5) 6.5 (5.7-74)
Non-urban 1.6(1.4-1.9) 19(1.6-2.1)
Hospital teaching designation, %, (95% Cl)
Metropolitan, non-teaching 21.0(19.3-22.7) 17.5(15.9-19.2)
Metropolitan, teaching 70.7 (68.8-72.6) 741 (72.1-76.1)
Non-metropolitan 83(7.5-9.2) 8.4 (7.5-9.3)
Major therapeutic procedures, %, (95% Cl) 56.3 (55.7-56.9) 482 (47.6-48.7)
Length of stay, days, median (IQR) 4(3) 4(4)
Total hospital days 4,588,088 3,147,963 n/a
Palliative care consult, % (95% Cl) 42 (4.1-43) 46 (44-4.7)
Hospital charge, $, median (IQR) $52,538 (57,584) $50,492 (62,165)

P value <0.001 for all comparisons except where noted

*#0.01 <P value<0.001
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Table 3 Characteristics of 729,279 SLF-injured adults, 65 years-old and older by 30-day all-cause readmission status*
30-day readmission No readmission P Crude OR (95% CI) P
Prevalence, n 85,287 643,993
% (95% Cl) 1.7 (11 8) 88.3 (88.2-88.4)
Emergency readmission, % (95% Cl) 929 (92 7-93. 1) n/a - n/a -
Age, years, mean (95% Cl) 81.3(81.2-814) 81.0(80.9-81.0) 1.006 (1.004-1.007)
Gender, female, %, (95% Cl) 62.1 (61.6-62.6) 69.9 (69.7-70.2) 0.69 (0.68-0.71)
Payer status %, (95% Cl)
Medicare/medicaid 95.0 (94.6-95.3) 94,0 (93.7-94.3) Referent
Private insurance 3.5(3.2-3.8) 4.2 (3.9-4.5) 0.83 (0.79-0.88)
Uninsured 0.2 (0.2-0.3) 0.3 (0.2-04) 0.75 (0.62-0.90) **
No charge 0.02 (0.01-0.05) 0.02 (0.01-0.04) 0.93 (0.53-1.66) tt
Other payer 1.3(1.2-14) 15(1.4-1.6) 0.83 (0.76~ 090)
Injury categories, % (95% Cl)
Skull fracture, + brain injury 2(1.1-1.3) 0(0.9-1.0) 1.22(1.11-1.33)
Rib and/or sternal fractures 4(7.1-7.7) 3(7.1-76) 1.03 (0.99-1.07) Tt
Cervical spine fractures 28(2.6-3.1) 8(2.7-3.0) 1.03 (0.98-1.09)
Thoracic spine fractures 3.6(3.4-3.8) 2(3.1-33) 1.12(1.07-1.18)
Lumbar spine fractures 2 (4.0-44) 9(3.8-4.0) 1.11 (1.06-1.16)
Pelvis fractures 3 (6.0-6.5) 72(7.1-73) 0.85 (0.82— 088)
Humerus, radius, ulna, wrist, hand fracture 9.6(9.4-10.0) 10.2 (10.0-10.4) 0.94 (0.91-0.97)
Femur, patella, tibia, fibula, ankle, foot fracture 52.8(52.0-53.6) 55.7 (55.0-56.4) 0.88 (0.87- 090)
Traumatic brain injuries, £ coma 16.8 (16.2-17.4) 134 (13.0-14.0) 1.31(1.28-1.34)
Pancreas, liver, spleen, adrenal inj 0.4 (0.3-0.5) 0.3(03-04) ** 1.25 (1.08-1 46) w*
Kidneys, ureter, bladder, urethra 3(0.3-04) .2 (0.2-0.3) 1.38(1.17-1.64) T
Open wounds 8.6 (8.3-8.9) .0(7.8-8.2) 1.07 (1.04-1.11)
Vascular injuries 2(0.2-0.3) .2(0.1-0.2) ** 1.35(1.10-1.65) **
Spinal cord injuries 0.8 (0.7-0.9) 0.6 (0.6-0.7) 1.29 (1.16-1.44)
Superficial contusions/abrasions 144 (14.0-14.9) 13.6(13.3-13.9) 1.07 (1.04-1.10)
Comorbid conditions, % (95% Cl)
Autoimmune disorders 48 (4.6-5.0) 45 (44-4.6) 1.07 (1.02-1.12)
Anemia deficiency 254 (24 8-25.9) 19.9(19.6-20.3) 1.37 (1.34-1.40)
Coagulopathies 10.1 (9.8-10.5) 7.4(7.2-7.5) 142 (1.38-147)
Dementia 25.3(24.8-25.8) 24.0(23.8-24.2) 1.07 (1.05-1.10)
Depression 16.1 (15.6-16.5) 159 (15.6-16.1) 1.01 (099 1.04)
Diabetes, chronic complications 21.1 (20.6-21.5) 149 (14.7-15.1) 1.54(1.51-1.58)
Diabetes, without complications 11.7(11.4-12.1) 9(11.7-12.1) ing 0.99 (096 1.02) Tt
Heart failure 264 (25.9-26.9) 170(168 17.3) 1.75(1.72-1.79)
Hypothyroidism 23.5(23.0-26.9) 1(229-234) 1.01 (0.99-1.79)
Hypertension, complicated 40.0 (39.3-40.6) 28.7 (28.3-29.0) 1.66 (1.62-1.69)
Hypertension, uncomplicated 442 (43.6-44.8) 0(50.6-51.3) 0.76 (0.75-0.78)
Chronic pulmonary disease 25.7 (25.3-26.2) 20.5(20.2-20.7) 1.35(1.32-1.38)
Neurological disorders affecting movement 6.1 (5.9-6.3) 5.8(5.7-5.9) 1.08 (1.03-1.12)
Obesity 94(9.1-9.8) 0(7.8-8.2) 122 (1.18-1.26)
Neurological disorders, other 11.8(11.4-12.1) 8.9(8.7-9.1) 137 (1.33-141)
Paralysis 5.0 (4.8-5.2) 2(4.1-4.3) 1.19(1.14-1.24)
Peripheral vascular disease 9.0 (8.7-94) 75(7.2-7.7) 1.24(1.20-1.28)
Renal failure, moderate 19.9 (19.5-20.4) 156 (15.3-15.8) 1.35(1.32-1.38)
Renal failure, severe 8.6(8.3-8.9) 4.2(4.1-43) 218 (2 10-2.25)
Valvular heart disease 12.7 (12.3-13.0) 10.1 (9.9-10.3) 1.30(1.27-1.34)
Weight loss 9.5(9.1-9.9) 7.3(7.0-7.5) 135(1.3 40)
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Table 3 (continued)
30-day readmission No readmission Crude OR (95% CI) P
Liver disease, severe 1.0(0.9-1.1) 0.4 (0.4-0.5) 2.20(1.99-2.43)
TMPM probability of death, %, median (IQR) 23(14) 21014) 2(1.10-1.13)
Elixhauser comorbidity index, readmission
Median (IQR) 16 (25) 1(20) 1.03 (1.03-1.03)
Discharge disposition, %, (95% Cl)
Routine 10.7 (10.2-11.0) 13.8(13.5-14.2) Referent
Transfer to short-term hospital 1.6(1.5-1.8) 0.8 (0.8-0.9) 2.66 (2 46-2 89)
Skilled nursing, intermediate care 729 (72.3-73.5) 68.3 (67.8-68.8) 9(1.35-143)
Home health care 14.2 (13.7-14.6) 16.6 (16.3-17.0) 2(1.08-1.16)
Left against medical advice 0.6 (0.5-0.8) 0.4 (03-0.5) 2.08 (1.84-2. 34)
Year, %, (95% Cl)
2018 49.0 (46.3-51.7) 487 (46.1-51.3)
2019 51.0 (48.3-53.7) 51.3(48.7-53.8)
Zip code income quartile, %, (95% ci)
$1-$37,999 24.0(22.9-25.2) 22.8(21.8-23.8) Referent
$38,000-$47,999 274 (26.4-283) 275 (26.6-28.3) 0.94 (0.92-0.97)
$48,000-563,999 25.8(24.9-26.7) 263 (25.6-27.2) 0.92 (0.90-0.95)
564,000+ 22.8(21.5-24.1) 234 (22.2-24.7) 0.91 (0.89-0.94)
Hospital urban/rural designation, %, (95% Cl)
Large metropolitan,> 1 million population 53.8(51.1-56.4) 52.5(49.9-55.0) Referent
Small metropolitan, < 1 million population 38.6(36.0-41.2) 39.1 (36.6-41.7) 0.97 (0.95-0.99)
Micropolitan, 10,000-50,000 population 6.1(5.3-7.1) 6.7 (5.9-76) 0.88 (0.84-0.92)
Non-urban 1.5(1.2-1.7) 1.7 (14-1.9) 0.84 (0.76-0.92)
Hospital teaching designation, %, (95% Cl)
Metropolitan, non-teaching 20.9(19.2-22.8) 21.1(19.5-22.9) Referent
Metropolitan, teaching 714 (69.4-734) 70.5 (68.5-72.4) 1.01 (0.99-1.04) i
Non-metropolitan 7.6 (6.8-8.5) 8.4 (7.6-9.3) 0.89 (0.86-0. 93)

Major therapeutic procedures, %, (95% Cl)
Length of stay, days, median (IQR)
Palliative care consult, %, (95% Cl)
Hospital charge, $, median (IQR)

544 (53.7-55.2)
54

1.6 (1.5-1.8)
59,684 (68,626)

56.9 (56.3-57.5)
4(3)
30(2.9-3.1)
53,362 (58,685)

0.90 (0.88-0.92)
02 (1.02-1.02)
0.56 (0.52- 061)
00 (1.00-1.00)

P value <0.001 for all comparisons except where noted
**0.01 <P value<0.001

10.05<Pvalue<0.01

"P>0.05

a phenomenon known as Simpson’s paradox (Simpson
1951) whereby the univariate analyses demonstrated
negative associations with 30-day readmission, then with
the presence of confounders in the multivariable regres-
sion model, demonstrate positive associations, OR 1.29,
[95% CI 1.26-1.32]. Palliative care consultation contin-
ued to demonstrate a protective effect, OR 0.41 (95% CI
0.37-0.44).

Among injury categories, the strongest predictors of
30-day readmission were the presence of vascular injury,
brain injury, and injury to the urinary system (OR [95%
CI] 1.42 [1.13-1.78], 1.31 [1.27-1.35], 1.25 [1.04-1.50],
respectively). Among the comorbid conditions, obesity

was associated with the largest effect size, OR 1.22 (95%
CI 1.18-1.27). Conversely, the category, neurological dis-
orders, other, was negatively associated (OR 0.15, [95% CI
0.14-0.16]). Transfer to a short-term hospital and leaving
against medical advice upon discharge for injuries from
SLF presented the strongest predictor of 30-day readmis-
sion (OR 95% CI 2.50 [2.25-2.78] and 2.18 [1.86-2.55]).
The regression model demonstrated a modest degree of
discrimination, area under the receiver operating charac-
teristic curve of 0.65. See Table 4.

Of the patients readmitted within 30 days of their index
hospitalization for a SLF, 92.3% (n=82,443 weighted dis-
charges) were categorized as emergent. Of these, 12.2%
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Table 4 Hierarchical logit model for predictors of readmission
within 30 days among trauma patients 65 and older admitted for
single-level fall

Odds ratio 95% Cl P
Trauma mortality prediction model® 1.03 1.01-1.05
Elixhauser comorbidity index for read- 1.03 1.03-1.03
mission
Female 1.29 1.26-1.32
Age, years 1.007 1.005-1.009
Palliative care consult 041 0.37-044
Injury categories
Pelvis fracture 0.90 0.86-0.94
Sprain or strain 0.87 0.80-0.94
Upper extremity fracture 1.04 1.00-1.08
Traumatic brain injury, = coma 1.31 1.27-1.35
Kidneys, ureter, bladder, urethra 1.25 1.04-1.50 T
Eyes, ears, nasopharynx, oropharynx, ~ 0.87 0.81-0.93
teeth
Vascular injuries 142 1.13-178 f
Comorbid conditions
Alcohol abuse 0.88 0.83-0.93
Deficiency anemia 0.88 0.86-0.91
Cancer, lymphoma 0.81 0.73-0.90
Cancer, metastatic 0.71 0.65-0.77
Cerebrovascular disease 0.91 0.86-0.95
Dementia 1.05 1.03-1.09
Depression 092 0.89-0.95
Diabetes mellitus without complica-  0.94 0.91-0.97
tions
Drug abuse 0.85 0.78-0.93
Neurological disorders affecting 1.05 1.01-110  f
movement
Neurological disorders, other 0.15 0.14-0.16
Seizures and epilepsy 1.11 1.05-1.16
Obesity 122 1.18-1.27
Psychoses 0.89 0.84-0.94
Major therapeutic procedure 097 0.96-0.99
Minor therapeutic procedure 1.04 1.03-1.05
Discharge disposition
Routine Referent Referent
Transfer to short-term hospital 2.50 2.25-2.78
Skilled nursing, intermediate care 1.35 1.30-1.40
Home health care 1.06 1.01-1.10
Left against medical advice 218 1.86-2.55

*P value <0.001 for all comparisons except where noted
**0.01 <P value <0.001
10.05 <P value<0.01

§Logit transformation of trauma mortality prediction model probability of death
(pDeath)=log( pDeath /(1 — pDeath))
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Table 5 Characteristics of emergent readmission hospitalization

82,433 (92.9)
12.2(11.8-12.6)

Prevalence, n, (%)*
New diagnosis traumatic injury, %, (95% Cl)
Payer status %, (95% Cl)

Medicare/medicaid 94.7 (94.3-95.0)

Private insurance 3.6(3.3-39)

Uninsured 0.2(0.2-0.3)

No charge 0.02 (0.01-0.04)

Other payer 1.501.3-1.7)
Discharge disposition, %, (95% Cl)

Routine 10.0 (9.7-104)

1.1(1.0-1.3)
62.1 (61.5-62.6)
18.7 (18.3-19.24)

Transfer to short-term hospital
Skilled nursing, intermediate care
Home health care

Left against medical advice 04 (0.3-0.5)

Died 7.0 (6.8-7.3)
Major therapeutic procedures, %, (95% Cl) 31.0(30.3-31.7)
Length of stay, days, median (IQR) 5(5)

Total hospital days 521,752
Palliative care consult, % (95% Cl) 11.8(11.4-12.1)
Hospital charge, $, median (IQR) $41,606 (54,742)
Hospital charge, $, sum $5,453,048,293

*Percentage of all patients (n=88,738) readmitted within 30 days of discharge
from index hospitalization for SLF

included new diagnoses of traumatic injury. A lower pro-
portion were discharged to short-term hospitals and a
higher proportion to home with home health services. Of
note, 7% died during the following hospitalization (95%
CI 6.8-7.3%). In the subsequent hospitalization, 31%
underwent major therapeutic procedures. The median
hospital length of stay was 5 days (IQR 5), with median
charges of $41,606 (IQR $54,742). The subsequent hospi-
talization consumed a total of 521,752 hospital days and a
total of $5.5 billion. See Table 5.

Discussion

Single-level falls represent the majority of hospitaliza-
tions for traumatic injury in the USA among patients
65 years of age and older (Holleran 2015; Bonne and
Schuerer 2013; DiMaggio et al. 2016; Fisher et al. 2017).
Moreover, these same patients consume a substantial
share of the US healthcare cost (Richmond et al. 2002).
With falls being a top cause of elderly trauma, and rates
of falls increasing with age (Khurrum et al. 2021), as the
population of the elderly increases (https://www.cen-
sus.gov/newsroom/press-releases/2020/65-older-popul
ation-grows.html; https://acl.gov/sites/default/files/
Aging%20and%20Disability%20in%20America/2020P
rofileOlderAmericans.Final_pdf; https://www.census.
gov/library/stories/2018/03/graying-america.html) con-
tinued efforts to define clinical characteristics of SLFs
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among the elderly may prove beneficial. By analyzing
patients of the NRD, we were able to define characteris-
tics pertaining to age, sex, payer status, injury patterns,
comorbidities, discharge disposition and cost associated
with SLFs, and risk of 30-day readmission.

The SLF patient groups were on average older and there
were more women than men. Analysis of 30-day readmis-
sions among SLF patients produced contradictory results
pertaining to sex. Similar studies have reported conflict-
ing results. A cost exploration of readmissions found
females were 87% less likely to be readmitted (Carey and
Stefos 2016). An assessment of mortality among SLF
patients, reported females were more likely to be read-
mitted following a SLE, of note, the likelihood of males
being readmitted trended upward over the study period
(Galet et al. 2018). Jenks et al. (2009) explored hospital
readmissions among Medicare recipients and found no
real distinction between sex and readmission.

Furthermore, no meaningful differences were found
between traumatic injury and zip code income quartiles,
indicating risk of trauma crosses socioeconomic lines.
Howbeit, as income increased the probability of readmis-
sion decreased, jointly, less dense populations predicated
a protective effect. Begging the question, is it rurality or
poverty that determines outcomes (Weber et al. 2005)?
Age, when a patient is older than 65, no matter socioec-
onomic status or residency density, experience a steady
increase in risk of SLF, coupled with increased frailty and
comorbidities, exacerbate the risk of readmission (Holle-
ran 2015; Khurrum et al. 2021; Goodmanson et al. 2012).
Upon discharge, a patients fragility and assessment of
comorbid conditions are typically part of the of the care
coordination process (Hatcher et al. 2019; Rubenstein
2006). Equitable health care is a crucial second com-
ponent (Chokshi 2018), consideration of a patient’s
home life and ability to follow discharge instruction is
paramount.

More than half of the SLF patient population required
major therapeutic procedures. Major therapeutic pro-
cedures, according to the HCUP procedure classes
include, but are not limited to, procedures involving the
brain, spine/back, open-approach repairs of upper or
lower extremities, and arteries, veins, nerves or mus-
cles of the face, neck, arms, back, and legs. Trauma to
the head, face, and neck is severe, costly and commonly
reported as an associated injury following a SLF among
the elderly (Bergeron et al. 2006; Rau et al. 2014). Severe
extremity fractures are likewise a frequent and costly
injury reported among elderly SLFs (Khurrum et al. 2021;
Gelbard et al. 2014; Newgard et al. 2005). Considering
the aforementioned procedure classes, and prevalence
among fallers, it is of interest that injuries of readmitted
patients with effect sizes large enough to warrant closer
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consideration also involved: the vascular system and TBI.
A similar study of the NRD exploring falls and readmis-
sions reported falls and readmission rates had increased
over time but did not report on injury (Galet et al. 2018).
Identification of high risk injury patterns following a
fall and subsequent 30-day readmission informs clinical
practice and expedites increased levels of coordination
among at risk patients.

SLF patients had higher rates of comorbidities and
were more likely to be readmitted. Galet et al. (2018),
also using the NRD database from 2010 to 2014, reported
similar associations between comorbidities and admis-
sion for a fall injury. Comorbid conditions are a source
of morbidity and mortality among the elderly and affect
how well a patient can recover from a traumatic injury
(Holleran 2015). Recovery from traumatic injury in the
context of comorbid conditions is beset with poten-
tial complications and becomes a major factor when
determining treatment following trauma among elderly
patients (Richmond et al. 2002; Bonne and Schuerer
2013). Comorbid conditions involving the cardiovascu-
lar and renal systems, diabetes and obesity are common
and require increased levels of patient care coordination.
For example, a matched case control study found obese
patients were 1.25 times more likely to be readmitted,
yet the reasons for readmission were similar to the non-
obese patients, indicating a broad range of interventions
following discharge may be warranted for obese patients
(Reinke et al. 2012).

Following a SLF, a majority of patients were discharged
to a SNE. An exploration of the National Trauma Data
Bank from 2011 through 2015 found patients discharged
to a SNF following a SLF increased from 51 to 57%
over the study period (Khurrum et al. 2021). Richmond
et al. (2002), reported with increasing age, total num-
ber of injuries, and injuries due to a fall, patients were
more likely to be discharged to a SNE. Prabhakaran et al.
(2020), also exploring the NRD for predictors of readmis-
sion following a fall in 2020, similarly reported increased
risk of readmission when discharged to a SNF or short-
term hospital.

In response to SNF discharges increasing over time
and discharge to SNFs association with increased risk
of 30-day hospital readmission, Mileski et al. (2017)
targeted quality improvement initiatives aimed to
decrease these rates of readmission. Themes associated
with reduction of 30-day readmission included special-
ized staff (13%), quality improvement models (11%),
and collaborative case management (10%) (Mileski
et al. 2017). The top two barriers were implementation
(17%) and quality improvement tracking (17%) (Mileski
et al. 2017). Burke et al. (2017), performed a qualitative
analytical approach, informed by Social Constructivist
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Theory, across three hospitals, utilizing purpose-
ful selection, 25 clinicians were interviewed. Central
themes tied to decision making involving evaluation
and discharge decision making were found where cli-
nicians described pressure to be expeditious resulting
in underinformed and overuse of SNFs as a “safety net”
for older adults (Burke et al. 2017).

Of note, the retrospective nature of the data assumes
all discharges have an equal chance for readmission,
which limits interpretation, as mortality following dis-
charge may over stimulate findings. Emergent readmis-
sions following a SLF for a new diagnosis of trauma
were not uncommon. Utilizing data from the HCUP,
Friedman et al. ( 2004), analyzed discharges among
residents across four States. They found approximately
19% of patients with a preventable index admission had
at least one preventable readmission within 6 months,
with some evidence suggesting preventable readmis-
sions may partially reflect the complexity of underlying
problems (Friedman and Basu 2004). An exploration
of older adults patterns of use, adverse outcomes and
effectiveness of interventions in the ED, found older
Americans have distinct patterns of service use and
care needs and current disease-oriented and episodic
models of emergency care do not meet older patient’s
needs (Aminzadeh and Dalziel 2002). Older patients
who fell are at increased risk of preventable readmis-
sion, clinicians must consider the entire patient/injury/
comorbidity profile to inform care coordination.

SLFs among the elderly and preventable all-cause
30-day readmissions are common and costly. In 2015,
data from the Medicare Current Beneficiaries Survey
for non-fatal falls was analyzed and it was estimated the
annual hospital, physician and other health profession-
als costs, following a fall was $23 billion, with Medicare
and Medicaid paying 75.2% (Florence et al. 2018). The
median post fall and baseline expenditures of a single
SLF among 51 EDs in 7 northwest counties in 2011
were explored to examine increases in charges follow-
ing a fall (Newgard et al. 2021). Post fall annual medical
costs were found to be $26,143, an increase from the
previous year baseline costs of $8,642, with higher costs
being associated with older age, comorbidities, extrem-
ity fractures, non-injury diagnoses, and surgical inter-
ventions (Newgard et al. 2021). In 2004, Friedman et al.
(2004) explored rates and cost of 17 prevention quality
indicator conditions across 4 states and found hospital
cost from preventable readmission to be $7.3 million
over a 6-months period. Then, Friedman et al. (2008)
explored all hospital discharge charges of adults across
six states in 2008, and reported that readmissions
more than double the cost of healthcare. We provide a
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successive nationwide estimate pertaining to the finan-
cial burden of SLFs and readmission after a fall.

Attempts to restrain hospital readmission among
Medicare recipients exist within the Affordable Care
Act, where the Hospital Readmission Reduction Program
(HRRP) was enacted in 2012. The HRRP is tasked to
encourage hospitals to improve coordination of care and
better engage patients and caregivers; however, initial
reductions in readmissions plateaued upon implemen-
tation (Desai et al. 2016). During the first 3 years of the
implementation of the HRRP major teaching hospitals,
hospitals with lower income and Medicare beneficiaries
were more likely to incur penalties due to higher rates
of readmission (Boccuti and Casillas 2015). A statistical
brief from the AHRQ, reporting on the characteristics of
all-cause 30-day readmission from the NRD from 2010
to 2016, found that while Medicare patients readmission
rates decreased by 7% during the study period, readmis-
sion was still twice as high as their counterparts (Bailey
et al. 2006). Over a decade after the HRRP implementa-
tion, we found that not only were most of the patients
Medicare beneficiaries they were still more likely to be
readmitted.

Healthcare utilization reduction through fall pre-
vention among the elderly has long been studied. Risk
factors identified include: sedative use, cognitive impair-
ment, disability of the lower extremities, abnormalities
of balance/gait and foot problems, with the risk of fall-
ing increasing linearly with the number of risk factors
(Tinetti et al. 1988; Carpenter et al. 2009). Up to 71% of
trauma care programs involve combinations of fall risk
screening assessment and physical therapy/exercise;
however, the reviewed screening tools were found to
be inaccurate or not feasible for usage in the ED (Ham-
mouda et al. 2021). Prevention programs have been
proven to be effective; however, evidence of the effective-
ness of interventions is limited (Bleijlevens et al. 2010).
Campaigns have been created like Preventing Falls: A
Guide to Implementing Effective Community-Based
Fall Prevention Programs created by the CDC in 2015
(Frieden et al. 2015). As well the emerging global care
model, community paramedicine, with a framework built
around prevention efforts and chronic care management
(Quatman-Yates et al. 2022). Moving forward, prospec-
tive studies implementing and measuring the effect of
these established program are called for.

When traumatic injury is not prevented, ensuring
smooth care transition upon discharge can prevent
health status declines that often lead to readmission
(Silow-Carroll et al. 2011). Fisher et al. (2017) dis-
cussed how ongoing care and rehabilitation needs of
older patients may be best met through comprehensive
geriatric assessment that may facilitate informed early
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decision making. Gaps in discharge planning, lack of
communication, and delays in post care are the spe-
cific shortcomings in healthcare that have been found
to contribute to readmissions (Bisognano and Boutwell
2009). Hospitals that clarify discharge instructions
coordinate with post-acute care providers and primary
care physicians reduced medical complications and as
a result were found to reduce hospital readmissions
(Boccuti and Casillas 2015). Careful inclusion of car-
egivers in these coordination of care instructions has
been explored and patients involved in relational coor-
dination between providers and caregivers were posi-
tively associated with improved outcomes (Friedman
et al. 2008; Weinberg et al. 2007).

A well-known coordination of care program involves
palliative care, created to provide specialized medi-
cal care for people living with chronic and serious ill-
nesses or diseases. Since its introduction in the 1980’s
(Carlson et al. 1988), there has been a linear increase in
the number of palliative care programs in hospital sys-
tems (Campbell 2006). The literature shows hospital
palliative care programs demonstrate improved patient
and system outcomes (Campbell 2006; Schenker and
Arnold 2015). We found that increasing palliative
care consultations may improve outcomes following
a SLF and potentially reduce 30-day readmissions.
Research involving palliative care following traumatic
injury and reduction of subsequent readmission has
been explored in a variety of scenarios including, but
not limited to: comparisons of the seriously injured
(Enguidanos et al. 2012) and propensity score match-
ing (O’Connor et al. 2015; Ranganathan et al. 2013),
each reporting that palliative care effectively reduced
rates of 30-day readmissions. How these palliative care
consultations impact outcomes were explored: goal
care discussions was associated with lower readmis-
sion rate, however, symptom management was not
(O’Connor et al. 2015). Greatest effects of readmission
prevention were found if palliative care was received
within 6 days of index admission (Barkley et al. 2019).

However, with increasing usage of services, the cur-
rent palliative care models need to evolve in order
to remain an effective intervention during times of
serious illness and transitionary care (Schenker and
Arnold 2015). The potential for a reduction in 30-day
hospital readmission in the presence of palliative care
and feasibility of increased usage of services warrants
further investigation. Preventions of SLFs are of para-
mount importance, followed by the need for effective
coordination of care designed to meet the individual
needs of each patient to ensure they are not subse-
quently readmitted.
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Limitations

The results and conclusions of this study must be taken
in light of certain limitations. First, our results are
drawn from hospital discharge records rather than data
gathered for the question under study. Next, the NRD
does not abstract deaths occurring outside of hospitals.
As such, the rates of readmission we report may be an
overestimation because the denominator assumes all
who are discharged alive are equally at risk for read-
mission. Finally, by virtue of the large sample size,
the p values we report are small even for trivial effect
sizes. Therefore, we have focused the reported results
on those with effect sizes of clinical or administrative
significance.

Conclusion

Single-level falls exact a substantial toll on wellbeing of
elderly persons, as well as exerting a sizeable burden on
the healthcare system and society at large. There are sev-
eral opportunities to mitigate the added burden of read-
mission following hospitalization for SLFs. These include
identifying vulnerable groups of patients for whom opti-
mizing discharge disposition and aftercare coordination,
along with clarification of goals of care and patient/family
expectations may decrease the risk of readmission.

Abbreviations

us United States

ED Emergency department

HRRP Hospital Readmission Reduction Program

SLF Single-level fall

NRD National Readmissions Database

HCUP Healthcare Cost and Utilization Project

AHRQ Agency for Healthcare Research and Quality

ICD-10-CM  International Classification of Diseases, Tenth Revision, Clinical
Modification

TMPM Trauma mortality prediction model

LOS Length of stay

T8I Traumatic brain injury

SNF Skilled nursing facility

Acknowledgements
Not applicable.

Author contributions

AC, RS, KS, CW, SAC, MM, YD, and SN made substantial contributions to the
conception and design of the work. AC, KS, and YD acquired the data. AC and
RS performed data analysis. AC, RS, KS, CW, SAC, MM, YD, and SN contributed
to the interpretation of data. AC, KS, and RS drafted the manuscript which was
reviewed and substantively revised by CW, SAC, MM, YD, and SN.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial, or not-for-profit sectors.

Availability of data and materials

The dataset used and analyzed in the current study, the Nationwide Readmis-
sion Database for 2018 and 2019, is publicly available from the Healthcare
Cost and Utilization Project at https://hcup-us.ahrg.gov/nrdoverview.jsp.


https://hcup-us.ahrq.gov/nrdoverview.jsp

Cook et al. Injury Epidemiology (2023) 10:49

Declarations

Ethics approval and consent to participate

All methods were performed in accordance with the ethical standards as laid
down in the Declaration of Helsinki and its later amendments or comparable
ethical standards. Written informed consent was not required as this is a
non-human subject study of secondary data, and the need for approval was
waived. The current study has received institutional review board approval
from the University of Arizona Research, Discover and Innovation, protocol
number: 1904546807.

Consent for publication
Not applicable.

Competing interests
Dr. Cook is a member of the editorial board of Injury Epidemiology. The
remaining authors declare they have no competing interests.

Author details

Trauma Services, UT Health East Texas, 1020 E. Idel St, Tyler, TX 75701, USA.
’Department of Epidemiology and Biostatistics, The University of Texas Health
Science Center at Tyler, 11937 US Highway 271, Room H252, Tyler, TX 75708,
USA. 3CHRISTUS Health-Texas A&M Spohn Emergency Medicine Residency,
Texas A&M University-Corpus Christi, 600 Elizabeth Street, 9B, Corpus Christi,
TX 78404, USA. 4Departmem of Sports Medicine, The University of Texas

at Tyler, 3900 University Blvd, Tyler, TX 75799, USA. °Department of Emergency
Medicine, UT Health East Texas, 1000 S. Beckham Ave,, Tyler, TX 75701, USA.

Received: 15 June 2023 Accepted: 8 October 2023
Published online: 19 October 2023

References

2020 Profile of Older Americans. U.S. Department of Health and Human Ser-
vices; [Available from: https://acl.gov/sites/default/files/Aging%20and%
20Disability%20in%20America/2020ProfileOlderAmericans.Final _pdf.
Accessed 15 Aug.

65 and Older Population Grows Rapidly as Baby Boomers Age. United States
Census Bureau; [Available from: https://www.census.gov/newsroom/
press-releases/2020/65-older-population-grows.html] Accessed 15 Aug.

Aminzadeh F, Dalziel WB. Older adults in the emergency department: a sys-
tematic review of patterns of use, adverse outcomes, and effectiveness of
interventions. Ann Emerg Med. 2002;39(3):238-47.

Ayanian JZ. The elusive quest for quality and cost savings in the Medicare
program. JAMA. 2009;301(6):668-70.

Bailey MK, Weiss AJ, Barrett ML, Jiang HJ. Characteristics of 30-days All-Cause
Hospital Readmissions, 2010-2016: Statistical Brief #248: Agency for
Healthcare Research and Quality (US), Rockville (MD); 2006 2006.

Barkley JE, McCall A, Maslow AL, Skudlarska BA, Chen X. Timing of palliative
care consultation and the impact on thirty-day readmissions and inpa-
tient mortality. J Palliat Med. 2019;22(4):393-9.

Bergeron E, Clement J, Lavoie A, Ratte S, Bamvita JM, Aumont F, et al. A simple
fall in the elderly: not so simple. J Trauma. 2006;60(2):268-73.

Bisognano M, Boutwell A. Improving transitions to reduce readmissions. Front
Health Serv Manag. 2009;25(3):3-10.

Bleijlevens MH, Diederiks JP, Hendriks MR, van Haastregt JC, Crebolder HF, van
Eijk JT. Relationship between location and activity in injurious falls: an
exploratory study. BMC Geriatr. 2010;10(1):1-9.

Boccuti C, Casillas G. Aiming for fewer U-turns: the Medicare hospital redamis-
sion reduction program. 2015.

Bonne S, Schuerer DJ. Trauma in the older adult: epidemiology and evolving
geriatric trauma principles. Clin Geriatr Med. 2013;29(1):137-50.

Burke RE, Lawrence E, Ladebue A, Ayele RA, Lippmann B, Cumbler E, et al. How
hospital clinicians select patients for skilled nursing facilities. J Am Geriatr
Soc. 2017,65(11):2466-72.

Campbell ML. Palliative care consultation in the intensive care unit. Crit Care
Med. 2006;34(11):5355-8.

Carey K, Stefos T. The cost of hospital readmissions: evidence from the VA.
Health Care Manag Sci. 2016;19(3):241-8.

Page 13 of 14

Carlson RW, Devich L, Frank RR. Development of a comprehensive supportive
care team for the hopelessly ill on a university hospital medical service.
JAMA. 1988;259(3):378-83.

Carpenter CR, Scheatzle MD, D’Antonio JA, Ricci PT, Coben JH. Identification
of fall risk factors in older adult emergency department patients. Acad
Emerg Med. 2009;16(3):211-9.

Chernew ME, Ginsburg PB, Mathews JE. Report to the Congress: Medicare Pay-
ment Policy. Department of Health and Human Services; 2021.

Chokshi DA. Income, poverty, and health inequality. JAMA.
2018;319(13):1312-3.

Desai NR, Ross JS, Kwon JY, Herrin J, Dharmarajan K, Bernheim SM, et al. Asso-
ciation between hospital penalty status under the hospital readmission
reduction program and readmission rates for target and nontarget condi-
tions. JAMA. 2016;316(24):2647-56.

DiMaggio C, Ayoung-Chee P, Shinseki M, Wilson C, Marshall G, Lee DC,
et al. Traumatic injury in the United States: in-patient epidemiology
2000-2011. Injury. 2016;47(7):1393-403.

Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use
with administrative data. Med Care. 1998;36:8-27.

Elixhauser Comorbidity Software Refined for ICD-10-CM. Agency for Health-
care Research and Quality; [Available from: www.hcup-us.ahrg.gov/tools
software/comorbidityicd10/comorbidity_icd10.,jsp] Accessed: January 27.

Enguidanos S, Vesper E, Lorenz K. 30-days readmissions among seriously il
older adults. J Palliat Med. 2012;15(12):1356-61.

Epstein RH, Dexter F. Development and validation of a structured query
language implementation of the Elixhauser comorbidity index. J Am Med
Inform Assoc. 2017;24(4):845-50.

Fisher JM, Bates C, Banerjee J. The growing challenge of major trauma in older
people: a role for comprehensive geriatric assessment? Age Ageing.
2017;46(5):709-12.

Florence CS, Bergen G, Atherly A, Burns E, Stevens J, Drake C. Medical costs of
fatal and nonfatal falls in older adults. J Am Geriatr Soc. 2018;66(4):693-8.

Frieden TR, Houry D, Baldwin G, Delinger A, Lee R. Preventing falls: a guide to
implementing effective community-baed fall prevention programs. 2015.

Friedman B, Basu J. The rate and cost of hospital readmissions for preventable
conditions. Med Care Res Rev. 2004;61(2):225-40.

Friedman B, Jiang HJ, Elixhauser A. Costly hospital readmissions and complex
chronic illness. Inquiry. 2008;45(4):408-21.

Galet C, Zhou'Y, Eyck PT, Romanowski KS. Fall injuries, associated deaths, and
30-days readmission for subsequent falls are increasing in the elderly US
population: a query of the WHO mortality database and National Read-
mission Database from 2010 to 2014. Clin Epidemiol. 2018;10:1627-37.

Gelbard R, Inaba K, Okoye OT, Morrell M, Saadi Z, Lam L, et al. Falls in the
elderly: a modern look at an old problem. Am J Surg. 2014;208(2):249-53.

Goodmanson NW, Rosengart MR, Barnato AE, Sperry JL, Peitzman AB, Marshall
GT. Defining geriatric trauma: when does age make a difference? Surgery.
2012;152(4):668-74.

Gupta A, Allen LA, Bhatt DL, Cox M, DeVore AD, Heidenreich PA, et al. Associa-
tion of the hospital readmissions reduction program implementation
with readmission and mortality outcomes in heart failure. JAMA Cardiol.
2018;3(1):44-53.

Hammouda N, Carpenter CR, Hung WW, Lesser A, Nyamu S, Liu S, et al. Mov-
ing the needle on fall prevention: a geriatric emergency care applied
research (GEAR) Network scoping review and consensus statement. Acad
Emerg Med. 2021;28(11):1214-27.

Hatcher VH, Galet C, Lilienthal M, Skeete DA, Romanowski KS. Association of
clinical frailty scores with hospital readmission for falls after index admis-
sion for trauma-related injury. JAMA Netw Open. 2019;2(10):e1912409.

Healthcare Cost and Utilization Project (HCUP). Introduction to the HCUP
Nationwide Readmissions Database (NRD) 2019. Rockville, MD: Agency
for Healthcare Research and Quality; https://www.hcup-us.ahrg.gov/db/
nation/nrd/Introduction_NRD_2019.pdf. Accessed: 23 Jan 2022.

Holleran RS. Elderly trauma. Crit Care Nurs Q. 2015;38(3):298-311.

Hosmer DW, Lemeshow S, Sturdivant R. Model-building strategies and meth-
ods for logistic regression: applied logistic regression. New Jersey: John
Wiley and Sons; 2013.

Introduction to the HCUP Nationwide Readmissions Database (NRD) 2019.
Agency for Healthcare Research and Quality; [updated October 2021.
https://www.hcup-us.ahrg.gov/db/nation/nrd/Introduction_NRD_2019.
pdf. Accessed: 23 Jan.


https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2020ProfileOlderAmericans.Final_.pdf
https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2020ProfileOlderAmericans.Final_.pdf
https://www.census.gov/newsroom/press-releases/2020/65-older-population-grows.html
https://www.census.gov/newsroom/press-releases/2020/65-older-population-grows.html
http://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
https://www.hcup-us.ahrq.gov/db/nation/nrd/Introduction_NRD_2019.pdf
https://www.hcup-us.ahrq.gov/db/nation/nrd/Introduction_NRD_2019.pdf
https://www.hcup-us.ahrq.gov/db/nation/nrd/Introduction_NRD_2019.pdf
https://www.hcup-us.ahrq.gov/db/nation/nrd/Introduction_NRD_2019.pdf

Cook et al. Injury Epidemiology (2023) 10:49

Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in the
Medicare fee-for-service program. N Engl J Med. 2009;360(14):1418-28.

Khurrum M, Chehab M, Ditillo M, Richards J, Douglas M, Bible L, et al. Trends in
geriatric ground-level falls: report from the national trauma data bank. J
Surg Res. 2021;266:261-8.

Liu SW, Obermeyer Z, Chang Y, Shankar KN. Frequency of ED revisits and death
among older adults after a fall. Am J Emerg Med. 2015,33(8):1012-8.

Mehta HB, Li S, An H, Goodwin JS, Alexander GC, Segal JB. Development
and validation of the summary elixhauser comorbidity score for use
with ICD-10-CM-coded data among older adults. Ann Intern Med.
2022;175(10):1423-30.

Mileski M, Topinka JB, Lee K, Brooks M, McNeil C, Jackson J. An investigation
of quality improvement initiatives in decreasing the rate of avoidable
30-days, skilled nursing facility-to-hospital readmissions: a systematic
review. Clin Interv Aging. 2017;12:213-22.

Moore BJ, White S, Washington R, Coenen N, Elixhauser A. Identifying
increased risk of readmission and in-hospital mortality using hospital
administrative data the AHRQ elixhauser comorbidity index. Med Care.
2017,55(7):698-705.

Newgard CD, Hedges JR, Stone JV, Lenfesty B, Diggs B, Arthur M, et al.
Derivation of a clinical decision rule to guide the interhospital
transfer of patients with blunt traumatic brain injury. Emerg Med J.
2005;22(12):855-60.

Newgard CD, Lin A, Caughey AB, Eckstrom E, Bulger EM, Staudenmayer K, et al.
The cost of a fall among older adults requiring emergency services. J Am
Geriatr Soc. 2021;69(2):389-98.

Medicare Enrollment Numbers. [Available from: https://medicareadvocacy.
org/medicare-enrollment-numbers/.

O'Connor NR, Moyer ME, Behta M, Casarett DJ. The impact of inpatient pallia-
tive care consultations on 30-days hospital readmissions. J Palliat Med.
2015;18(11):956-61.

Osler TM, Glance LG, Cook A, Buzas JS, Hosmer DW. A trauma mortality predic-
tion model based on the ICD-10-CM lexicon: TMPM-ICD10. J Trauma
Acute Care Surg. 2019;86(5):891-5.

Prabhakaran K, Gogna S, Pee S, Samson DJ, Con J, Latifi R. Falling again? Falls
in geriatric adults-risk factors and outcomes associated with recidivism. J
Surg Res. 2020;247:66-76.

Procedure Classes Refined for ICD-10-PCS. Agency for Healthcare Research
and Quality; [Available from: www.hcup-us.ahrg.gov/toolssoftware/proce
dureicd10/procedure_icd10jsp] Accessed: January 27.

Quatman-Yates CC, Wisner D, Weade M, Gabriel M, Wiseman JM, Sheridan E,
et al. Assessment of fall-related emergency medical service calls and
transports after a community-level fall-prevention initiative. Prehosp
Emerg Care. 2022;26(3):410-21.

Ranganathan A, Dougherty M, Waite D, Casarett D. Can palliative home care
reduce 30-days readmissions? Results of a propensity score matched
cohort study. J Palliat Med. 2013;16(10):1290-3.

Rau C-S, Lin T-S, Wu S-C, Yang JC-S, Hsu S-Y, Cho T-Y, et al. Geriatric hospi-
talizations in fall-related injuries. Scand J Trauma Resuscit Emerg Med.
2014;22(1):1-8.

Reinke CE, Kelz RR, Zubizarreta JR, Mi L, Saynisch P, Kyle FA, et al. Obesity and
readmission in elderly surgical patients. Surgery. 2012;152(3):355-62.

Richmond TS, Kauder D, Strumpf N, Meredith T. Characteristics and out-
comes of serious traumatic injury in older adults. J Am Geriatr Soc.
2002;50(2):215-22.

Rowe JW, Fulmer T, Fried L. Preparing for better health and health care for an
aging population. JAMA. 2016;316(16):1643-4.

Rubenstein LZ. Falls in older people: epidemiology, risk factors and strategies
for prevention. Age Ageing. 2006;35:ii37-41.

SchenkerY, Arnold R. The next era of palliative care. JAMA.
2015;314(15):1565-6.

Shapiro SS, Wilk MB. An analysis of variance test for normality (complete sam-
ples). Biometrika. 1965;52(3/4):591-611.

Silow-Carroll S, Edwards JN, Lashbrook A. reducing hospital readmissions: les-
sons from top-performing hospitals. Care management: the common-
wealth fund; 2011.

Simpson EH. The interpretation of interaction in contingency tables. J Roy Stat
Soc. 1951;13(2):238-41.

Sterling DA, O'Connor JA, Bonadies J. Geriatric falls: injury severity is high and
disproportionate to mechanism. J Trauma. 2001;50(1):116-9.

Page 14 of 14

Swets J, Tanner WP Jr, Birdsall TG. Decision processes in perception. Psychol
Rev. 1961,68:301-40.

The U.S. Joins Other Countires with Large Aging Populations. United States
Census Bureau; https://www.census.gov/library/stories/2018/03/graying-
america.html. Accessed 6 Jun.

Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons
living in the community. N Engl J Med. 1988;319(26):1701-7.

Vadnais AJ, Vreeland E, Coomer NM, Feng Z, Ingber MJ. Reducing transfers
among long-stay nursing facility residents to acute care settings: effect
of the 2013-2016 centers for medicare and medicaid services initiative. J
Am Med Dir Assoc. 2020;21(9):1341-5.

Weber B, Jensen L, Miller KF, Mosley J, Fisher M. A crititcal review of
rural poverty literature: is there truly a rural effect. Int Reg Sci Rev.
2005;28(4):381-414.

Weinberg DB, Lusenhop RW, Gittell JH, Kautz CM. Coordination between
formal providers and informal caregivers. Health Care Manag Rev.
2007;32(2):140-9.

Yeung K, Dorsey CN, Mettert K. Effect of new Medicare enrollment on health,
healthcare utilization, and cost: a scoping review. J Am Geriatr Soc.
2021,69(8):2335-43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://medicareadvocacy.org/medicare-enrollment-numbers/
https://medicareadvocacy.org/medicare-enrollment-numbers/
http://www.hcup-us.ahrq.gov/toolssoftware/procedureicd10/procedure_icd10.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/procedureicd10/procedure_icd10.jsp
https://www.census.gov/library/stories/2018/03/graying-america.html
https://www.census.gov/library/stories/2018/03/graying-america.html

	Hospitalization and readmission after single-level fall: a population-based sample
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References


