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Abstract

Background: There is a persistently high incidence of adverse events during hospitalization among Medicare
beneficiaries. Attributes of vulnerability are prevalent, readily apparent, and therefore potentially useful for
recognizing those at greatest risk for hospital adverse events who may benefit most from preventive measures. We
sought to identify patient characteristics associated with adverse events that are present early in a hospital stay.

Methods: An interprofessional panel selected characteristics thought to confer risk of hospital adverse events and
measurable within the setting of acute illness. A convenience sample of 214 Medicare beneficiaries admitted to a
large, academic medical center were included in a quality improvement project to develop risk assessment
protocols. The data were subsequently analyzed as a prospective cohort study to test the association of risk factors,
assessed within 24 hours of hospital admission, with falls, hospital-acquired pressure ulcers (HAPU) and infections
(HAI), adverse drug reactions (ADE) and 30-day readmissions.

Results: Mean age = 75(±13.4) years. Risk factors with highest prevalence included >4 active comorbidities (73.8%),
polypharmacy (51.7%), and anemia (48.1%). One or more adverse hospital outcomes occurred in 46 patients (21.5%); 56
patients (26.2%) were readmitted within 30 days. Cluster analysis described three adverse outcomes: 30-day
readmission, and two groups of in-hospital outcomes. Distinct regression models were identified: Weight loss
(OR = 3.83; 95% CI = 1.46, 10.08) and potentially inappropriate medications (OR = 3.05; 95% CI = 1.19, 7.83) were
associated with falls, HAPU, procedural complications, or transfer to intensive care; cognitive impairment (OR = 2.32;
95% CI = 1.24, 4.37), anemia (OR = 1.87; 95% CI = 1.00, 3.51) and weight loss (OR = 2.89; 95% CI = 1.38, 6.07) were
associated with HAI, ADE, or length of stay >7 days; hyponatremia (OR = 3.49; 95% CI = 1.30, 9.35), prior hospitalization
within 30 days (OR = 2.66; 95% CI = 1.31, 5.43) and functional impairment (OR = 2.05; 95% CI = 1.02, 4.13) were
associated with 30-day readmission.

Conclusions: Patient characteristics recognizable within 24 hours of admission can be used to identify increased risk
for adverse events and 30-day readmission.
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Background
The Institute of Medicine report on patient safety in the
U.S. health care system, To Err Is Human, highlighted the
unacceptably high incidence of adverse events during
hospitalization [1]. More recently, the Office of the In-
spector General reported that 13.1% of hospitalized pa-
tients with Medicare insurance experienced an adverse
event that resulted in harm [2]. Clearly, opportunities to
improve patient safety remain, particularly among Medi-
care beneficiaries.
Frailty is a term describing a state of general debility as-

sociated with decline, disability, loss of independence, sus-
ceptibility to iatrogenic complications, and poor health
outcomes [3,4]. As such, frailty is a potentially useful con-
struct for identifying those within the Medicare population
who are most vulnerable to adverse events associated with
hospitalization. Prompt recognition of frailty could facili-
tate communication, multidisciplinary care coordination,
risk reduction interventions, prognostication, and appro-
priate treatment plan development [5,6].
Although frailty has long recognized as a clinical syn-

drome within the field of geriatrics, there is no univer-
sally accepted definition [7,8]. Alternative approaches to
identifying frailty employ significantly differing methods,
and vary in their strengths and limitations [9]. Existing
models of frailty were primarily developed in outpatient
cohorts, and are therefore challenging to apply to an in-
patient population [10-13]. A validated and widely used
measure defines frailty as a deficit in at least three of five
measures of function, one of which is walking speed
[10]. This functionally-based strategy can be difficult to
assess in the setting of acute illness. Frailty indices that
quantitate the sum of accumulated deficits across a wide
range of possibilities are somewhat complex to apply in
practice, as they typically require inclusion of at least 30
or more variables [14]. ‘Vulnerability’, a related con-
struct, represents an impending risk of functional de-
cline, and can be assessed with a simple screening tool,
the Vulnerable Elders Survey-13 (VES-13) [11]. Both
frailty and vulnerability describe a health state that is fra-
gile, associated with adverse health events, and more
easily recognized with a global view of wellness rather
than any specific medical condition. The VES-13 re-
quires patient self-report of function over the preceding
4 weeks, which could also be affected by factors leading
to hospitalization. None of these approaches to identify-
ing frailty, as functional deficit, a composite index, or
vulnerability to impending decline, have been well-
validated within a medical inpatient cohort.
We conducted a prospective cohort study in a con-

venience sample of Medicare patients to test the hypoth-
esis that a set of risk factors associated with frailty and
identifiable within 24 hours of hospital admission would
be associated with adverse events during hospitalization.
Methods
Patient characteristics that could be potentially associated
with adverse events during hospitalization were derived by
consensus by an interprofessional quality improvement
(QI) workgroup. Sources for candidate variables included a
search of the PubMed database using the terms “frail”,
“frailty”, “vulnerable”, “vulnerability, and “fragile”, and dis-
cussions with local topic experts. A Delphi panel of physi-
cians, nurses, and allied health care providers selected
items readily measurable, identifiable on admission, thought
to have a relatively high likelihood of an association with
adverse health outcomes and be potentially amenable to
risk reduction strategies [1,15]. Given the large number of
candidate variables [8,16], we further sought to identify a
subset of practical attributes that were clinically relevant to
the patient population at our institution and representative
of a multidisciplinary perspective. To this end, the subset of
risk factors for consideration were selected over the course
of three meetings in which physicians and nurses were
equally represented and comprised approximately two-
thirds of the 20–25 attendees. The remainder of attendees
were mostly allied health care professionals, as described in
Additional file 1 Following a baseline vote, rounds of dis-
cussion and anonymous re-voting continued until consen-
sus was achieved, defined as all votes falling within one of
the mode on a one to nine scale of increasing disagreement,
where scores of 1–3 indicated agreement. Exploratory vari-
ables included admission from a skilled nursing facility [5],
age ≥80 years [17,18], presence of a feeding tube [19], and
decubitus ulcers noted on admission [20]. Additional ex-
ploratory variables include the presence of four or more ac-
tive comorbid conditions, anemia, cognitive impairment,
deconditioning, dehydration, a positive screen for depres-
sion, functional impairment, high burden of comorbid ill-
ness, hyponatremia, hypoalbuminemia, polypharmacy, early
readmission, and recent unintentional weight loss. Defini-
tions of these terms are provided in Additional file 1.
The candidate set of risk factors was then evaluated in

a convenience sample of patients ages 35 years and
older with Medicare insurance from a total of n = 653
admitted to general medical/surgical units within our
institution in September 2010. Only patients who were
accessible to the nurses performing the assessments and
who agreed to the extra assessments and to have their
chart information reviewed were included. Patients
were interviewed and their charts reviewed within 24
hours of admission. Other patient characteristics were
derived from a variety of sources: Nurses administered
the VES-13, and assessments of functional status (Katz
Assessment for Functional Status) [21], cognitive
impairment (Brief Interview for Mental Status) [22] and
symptoms of depression (Patient Health Questionnaire-2)
[23]. Clinical pharmacists documented the use of
potentially inappropriate medications prior to admission
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[24,25], and adverse drug events during hospitalization.
The latter were identified by the occurrence of a sentinel
event or “trigger” and confirmed with chart review [26].
Specific criteria used in medication review are described in
Additional file 1. Patient falls, hospital-acquired pressure ul-
cers, and readmissions within 30 days of discharge were
obtained from administrative and patient safety databases,
and medical record auditing. Physicians blinded to the ini-
tial nursing assessment reviewed medical charts recorded
all other clinical outcomes.
This work of the Frailty workgroup was provided admin-

istrative approval by the Cedars-Sinai Medical Center Insti-
tutional Review Board as an evidence-based (QI) project.
For the purposes of the current research analyses, the data
from the QI project were de-identified and used secondar-
ily. The Institutional Review Board approved request for
waiver for the need to obtain consent from participants.

Statistical analysis
Research analyses were performed using SAS (The SAS
Institutes Incorporated, Cary, NC, release 9.3). Descriptive
statistics were produced for all frailty factors and adverse
outcomes. (see Table 1) Associations among adverse out-
come variables were assessed with Spearman rank correla-
tions. Due to multiple low frequency events and high
inter-correlation among adverse outcomes data, variable
cluster analysis was performed to develop a smaller num-
ber of independent outcomes [27]. Variable clustering was
performed using a linear combination of the first principal
component and following a hierarchical divisive structure.
The final number of clusters of adverse outcome events
was determined empirically and confirmed clinically. In-
ternal consistency of each cluster was evaluated with
Cronbach’s alpha. Un-adjusted and then multivariable, ad-
justed, logistic regression modeling were used to deter-
mine the set of frailty factors that were predictive of the
presence or absence of any one or more events within each
adverse outcome cluster using the selection criteria as de-
scribed by Collett [28]. The final multivariable models were
assessed for goodness-of-fit by inspection of the Pearson
residuals for identification of observations poorly accounted
for in each model. The c-statistic (the area under the
receiver-operator curve) was computed for each multivari-
able model to evaluate model discrimination. The cumula-
tive effect of each frailty characteristic on adverse events
was also tested by Spearman rank correlation. Data are
presented as means +/− standard deviations, or counts and
percentages. Data were considered statistically significant
where p < .05.

Results
Patient characteristics
The study cohort was comprised of 214 patients admit-
ted to our institution in September 2010. Mean patient
age was 75+/− 13.4 years, and mean length of hospital stay
was 5.8 +/−6.26 days. The most prevalent risk factors were
four or more active comorbidities (73.8%), polypharmacy
(51.7%), and anemia (48.1%) (Table 1). Among those able
to complete the VES-13 (n = 161, 75.2%), nearly two-thirds
(n = 106, 65.8%) met criteria for vulnerability (mean score
5.0 +/− 2.7). All frailty characteristics, with the exception
of a hospitalization within 30 days prior to admission, evi-
dence of recent weight loss, and the presence of a feeding
tube on admission, were associated (p < .05) with vulner-
ability per the VES-13 scale (data not shown). Over half
(54%) of patients were prescribed one or more potentially
inappropriate medications prior to admission, of which
major tranquilizers were the most common subcategory.

Adverse outcomes of hospitalization and cluster analysis
Adverse patient outcomes and their frequencies are
presented in Table 2. The incidence of patient readmissions
within 30 days of hospital discharge and a length of hospital
stay (LOS) 7 days or longer were 21.0% and 26.2%, respect-
ively. In all, 41 patients (19.2%) experienced any adverse
event during hospitalization, with adverse drug events being
the most common (11.7%). Statistically significant intercor-
relations (P < .05) among adverse outcomes were observed
for all variables except hospital-acquired infections and
readmissions with 30 days (data not shown).
Cluster analysis identified three distinct outcome cat-

egories: Readmission within 30 days post-discharge and
two interrelated groups (clusters) of adverse events dur-
ing hospitalization: The first cluster was comprised of
falls, hospital-acquired pressure ulcers, complications of
a medical procedure, and transfers to an intensive care
unit (Cronbach’s alpha = 0.685). The second cluster was
comprised of adverse drug events, length of stay 7 days
or longer, and hospital-acquired infections (Cronbach’s
alpha = 0.548). Results of the cluster analysis did not dif-
fer significantly when the population was restricted to
patients age 65 and older.

Relationship of potential characteristics of a frailty in a
medicare population to adverse outcomes
Associations between individual characteristics and the
three outcome categories identified by cluster analysis are
displayed in Table 3. Significant associations are bolded.
No single characteristic was significantly associated with
all three outcomes.
The final adjusted regression models (Table 4) resulted

in seven frailty characteristics emerging as significant in-
dependent predictors in the three logistic regressions of
adverse outcome clusters and readmissions: cognitive
impairment; anemia; recent unintentional weight loss;
any potentially inappropriate medication; hyponatremia;
hospitalization within preceding 30 days; and functional
impairment. Only one variable, unintentional weight



Table 1 Study cohort demographics

Description n (%)

Female 123 (57.9)

Age (years)

<65 40 (18.7)

65-79 85 (39.7)

> 80 89 (41.6)

Race

White 147 (68.7)

Black 47 (22.0)

Other 20 (9.4)

Secondary insurance type

Commercial PPOa 61 (28.5)

Commercial Indemnity 41 (19.2)

Medicaid Indemnity 78 (36.4)

Other/Unknown 34 (15.9)

Discharge destination

Home/self-care 112 (52.3)

Home health care 46 (21.5)

Skilled Nursing Facility 36 (16.8)

Hospice 6 (2.80

Expired 3 (1.4)

Other 11 (5.1)

Comorbidities (n and% of total for each)

Myocardial infarction 22 (10.3)

Heart failure 36 (16.8)

Ischemic heart disease 21 (9.8)

COPDb 28 (13.1)

Peripheral vascular disease 28 (13.1)

Diabetes 66 (30.8)

Cancer 44 (20.6)

Dementia 28 (13.1)

Hepatic disease 14 (6.6)

Mild renal diseasec 24 (11.2)

Moderate/severe renal diseasec 72 (33.6)

Frailty characteristics (n and% of total for each)

Admitted from a skilled nursing facility 22 (10.3)

Ages 80 years and older 89 (41.6)

Anemia 103 (48.1)

Charlson Comorbidity Index Score > =4 74 (34.6)

Cognitive impairment 76 (35.5)

Deconditioning 28 (13.1)

Decubitus ulcer 17 (7.9)

Dehydration 84 (39.3)

Depression screen positive* 75 (42.1)

Feeding tube present at admission 8 (3.7)

Table 1 Study cohort demographics (Continued)

Four or more active comorbid conditions 158 (73.8)

Functional impairment 77 (36.0)

Hyponatremia 20 (9.3)

Malnutrition 27 (12.6)

Potentially inappropriate medications 72 (33.6)

Use of a major tranquilizer 49 (22.9)

Polypharmacy** 106 (51.7)

Early readmission:

≥1 within the past 30 days 59 (27.6)

≥2 within the past 6 months 49 (22.9)

Recent unintentional weight loss 41 (19.2)
aPPO = Preferred Provider Organization; bCOPD = chronic obstructive
pulmonary disease; cRenal disease severity determined by estimated creatinine
clearance: mild = 60–89 ml/min;moderate/severe = <60 ml/min or dialysis
dependent. Data available from only (*)n = 178 or (**)n = 205.
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loss, was associated with both inpatient outcome clus-
ters. Hyponatremia was an independent risk factor of re-
admission within 30 days, irrespective of comorbid renal
disease, diabetes, or heart failure. Furthermore, we found
that the incidence of adverse outcomes increased pro-
portionally to the number of associated frailty character-
istics (p < .001 for both comparisons, Figure 1).

Discussion
In this prospective study of Medicare beneficiaries, char-
acteristics readily identifiable on hospital admission were
associated with an increased risk of adverse events and
subsequent hospitalization within 30 days of discharge.
Potential risk factors were derived from published litera-
ture on frailty, a construct developed largely in the am-
bulatory setting. Candidate variables were selected by a
multidisciplinary panel that took into consideration prac-
tical constraints associated with acute illness, such as limi-
tations on mobility and strength.
The goal of this research was to identify patient char-

acteristics associated specific inpatient adverse events as
a basis for subsequent targeting of risk mitigation efforts.
We chose to perform the study in a cohort of Medicare
patients due to their relatively high risk of adverse events
during hospitalization [29]. As a consequence, the ma-
jority of patients included in the analysis (81.3%) were
65 years old and older, over half of whom (51.2%) were
at least 80 years of age. The projected rapid growth of
the population of older adults, and the associated rise in
anticipated use of health services, makes improving the
inpatient safety among the elderly an urgent priority
[30,31]. Adverse medical events occur with greater fre-
quency among the elderly, and can lead to functional de-
cline, decreased quality of care, and increased costs [32,33].
The elderly also account for the greatest proportion of the
rising number of hospital admissions, but performance on



Table 3 Unadjusted logistic regression modeling

Description Falls, HAPUa, PCb

ICUc transfer

[Cluster 1]

OR (95% CI)

≥4 active comorbid conditionsg 0.87 (0.32, 2.38)

Admitted from a skilled nursing facility 0.40 (0.05, 3.14)

Ages 80 years and older 0.54 (0.14, 2.11)

Altered mental status 1.62 (0.44, 6.04)

Anemia 1.49 (0.60, 3.71)

Charlson Comorbidity Index Score > =4 0.56 (0.20, 1.60)

Cognitive impairment 0.27 (0.08, 0.96)

Deconditioning 0.31 (0.04, 2.39)

Decubitus ulcer present at admission 1.21 (0.26, 5.69)

Dehydration 1.18 (0.47, 2.94)

Delirium 1.73 (0.00, 10.53)

Depression screen positive* 1.00 (0.38, 2.62)

Feeding tube present at admission 1.33 (0.16, 11.46)

Functional impairment 0.53 (0.19, 1.49)

Hyponatremia 1.02 (0.22, 4.75)

Hypoalbuminemia 1.17 (0.32, 4.28)

Potentially inappropriate medications 2.93 (1.17, 7.34)

Use of a major tranquilizer 2.28 (0.89, 5.88)

Polypharmacy** 0.75 (0.28, 1.99)

Recent admissions:

>1 within the past 30 days 0.41 (0.12, 1.44)

≥2 within the past 6 months 0.74 (0.22, 2.42)

Recent unintentional weight loss 3.68 (1.43, 9.46)
aHAPU = hospital-acquired pressure ulcer(s); bPC = procedural complications; cICU =
hospital stay. gAt least one of the conditions was required to be “uncontrolled” (no
excluded from the analysis of readmissions. Complete data available from only (*)n

Table 2 Incidence of adverse outcomes (N = 214 patients)

Outcome n (%)

Any adverse events during hospitalization 46 (21.5)

Adverse drug events 25 (11.7)

Hospital-Acquired Infections 11 (5.1)

Transfer to intensive care 12 (5.6)

Complications of a medical procedure 12 (5.6)

Hospital-acquired pressure ulcers 2 (0.9)

Falls during hospital 5 (2.3)

Length of hospital stay 7 days and longer 56 (26.2)

Mortality during hospitalization 3 (1.4)

Readmission within 30 days of hospital discharge 45 (21.0)
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quality indicators (QIs) for common geriatric issues lags
behind that of other medical conditions [34,35]. Among
349 hospital patients ages 65 years and older meeting VES-
13 criteria for vulnerability, Arora et al. found that QIs for
delirium and dementia were satisfied less frequently than
QIs for general medical care (31.4% and 81.5%, respectively)
[35]. Jencks et al. reported that over a 15-month period be-
tween 2003 and 2004, nearly one-fifth of all Medicare bene-
ficiaries were readmitted within 30 days of hospital
discharge. Such unplanned readmissions accounted for an
estimated 17% of the $102.6 billion in hospital payments
made by Medicare in 2004 [36].
In order to be useful for a prompt response and risk

mitigation efforts, we limited our investigation to risk fac-
tors that were recognizable within 24 hours of hospital ad-
mission. Attributes commonly associated with frailty are
highly prevalent among the elderly population, and there-
fore potentially useful for studies of risk factors for adverse
events among hospitalized Medicare patients [3]. Searle
, HAId, ADEe,
LOSf > 7 days

Readmission

within 30 daysh

[Cluster 2]

OR (95% CI) OR (95% CI)

2.46 (1.15, 5.24) 1.58 (0.71, 3.53)

1.35 (0.54, 3.39) 1.61 (0.59, 4.44)

2.60 (0.98, 6.91) 1.39 (0.53, 3.61)

0.91 (0.34, 2.46) 0.92 (0.29, 2.89)

2.40 (1.32, 4.37) 2.37 (1.20, 4.69)

1.54 (0.84, 2.82) 1.56 (0.79, 3.06)

2.31 (1.27, 4.22) 0.78 (0.38, 1.57)

1.88 (0.84, 4.25) 0.86 (0.31, 4.43)

3.62 (1.31, 10.01) 3.31 (1.15, 9.47)

1.65 (0.91, 2.98) 1.55 (0.79, 3.01)

0.76 (0.08, 7.45) 1.24 (0.13, 12.16)

1.85 (0.95, 3.59) 1.51 (0.73, 3.11)

4.06 (0.94, 17.51) 1.24 (0.24, 6.36)

2.46 (1.35, 4.49) 2.29 (1.17, 4.48)

1.60 (0.62, 4.13) 3.52 (1.36, 9.13)

2.41 (1.06, 5.47) 0.91 (0.32, 2.58)

0.91 (0.49, 1.69) 1.13 (0.57, 2.27)

1.15 (0.58, 2.28) 1.47 (0.70, 3.08)

1.08 (0.60, 1.95) 1.02 (0.53, 1.98)

1.39 (0.74, 2.64) 2.95 (1.48, 5.87)

1.64 (0.84, 3.20) 1.75 (0.84, 3.66)

2.98 (1.48, 6.02) 1.02 (0.44, 2.32)

intensive care unit; eHAI = hospital-acquired infection(s); fLOS = Length of
t at therapeutic goal). hThree patients died during admission and were
= 178 or (**)n = 205.



Table 4 Multivariable logistic regression models for characteristics associated with adverse hospital outcomes

Characteristics Falls, HAPUa, PCb, or ICUc transfer HAId, ADEe, or LOSf > 7 days Readmission
within 30 days[Cluster 1] [Cluster 2]

OR (95% CI) OR (95% CI) OR (95% CI)

Anemia 1.87 (1.00, 3.51)**

Any potentially inappropriate medication 3.05 (1.19, 7.83)**

Cognitive impairment 2.32 (1.24, 4.37)*

Functional impairment 2.05 (1.02, 4.13)**

Hospitalization within preceding 30 days 2.66 (1.31, 5.43)*

Hyponatremia 3.49 (1.30, 9.35)**

Recent unintentional weight loss 3.83 (1.46, 10.08)* 2.89 (1.38, 6.07)*

c-statistic 0.718 0.686 0.713
aHAPU = hospital-acquired pressure ulcer(s); bPC = procedural complications; cICU = intensive care unit; dHAI = hospital-acquired infection(s); eLOS = Length of
hospital stay *p < .01, **p < .05.
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et al. described a standardized process for developing
frailty indices by examining the association of specific def-
icit and mortality in a community-dwelling cohort [37].
As noted in a position statement of the American Geriat-
rics Society (AGS), interdisciplinary assessment and care
have been shown to improve health outcomes in the eld-
erly in a variety of settings [38]. Combining these two con-
cepts, we employed multidisciplinary consensus to select
among a large number of potential frailty traits, and then
examined associations with adverse events occurring more
commonly in the elderly.
Initiated as part of a quality improvement effort at our

institution, this strategy follows a practical approach to
identifying vulnerability within a hospitalized population
that is broadly applicable [37]. The observed clustering of
outcomes minimizes the sample size required for statis-
tical modeling. This phenomenon, together with the use
of readily identifiable patient characteristics, makes these
types of analyses feasible, even in resource-constrained
Figure 1 Proportion of adverse events and number of patient frailty
during hospitalization = cognitive impairment, anemia, recent unintentiona
admission. n= number of patients in each group. Significant test of trend, R
within 30 days = hyponatremia, hospitalization within previous 30 days, an
Significant test of trend, RS=0.31, p<0.001.
environments. The value of such efforts, however, will de-
pend entirely on future demonstration of their usefulness
in facilitating effective risk reduction.
Our approach differed from prior work in that we used

prospective data, and focused on characteristics present
early in hospitalization. A recent systematic review of risk
prediction models of readmission by Kasangra et al. identi-
fied only two contemporary studies that used real-time
data [39]. Neither model included information available
within 24 hours of admission [40,41]. We observed
that health issues readily identifiable on admission –
hyponatremia, functional impairment, and prior admission
within 30 days – were associated with early readmission,
and distinct from predictors of adverse events during
hospitalization. While not typically the reason for admis-
sion to an acute care facility, these characteristics may
reflect a poor state of general health. Consequently,
medical management that focuses solely on the immedi-
ate causes of hospitalization may have little impact on
characteristics. Frailty characteristics associated with adverse events
l weight loss, and any potentially inappropriate medication prior to

S=0.25, p<0.001. Frailty characteristics associated with readmission
d functional impairment. n= number of patients in each group.
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underlying frailty, and leave patients more susceptible
to poor short and long-term outcomes, such as un-
planned rehospitalizations and institutionalization. It is
possible that discharge planning that includes strategies
to address these risk factors could help to reduce early
hospital readmission.
The results of this analysis reconfirmed some character-

istics that have been found to be independently associated
with adverse health outcomes in other studies. Prior hos-
pital admission within 30 days [17] and impaired func-
tional status as measured by the Katz Scale [42] predict
readmission within 30 days of discharge. Weight loss ≥10
pounds defines an increased risk of malnutrition that is as-
sociated with a higher incidence of falls [43] and longer
hospital stays [44]. Similarly, inpatient falls occur more fre-
quently in patients prescribed potentially inappropriate
medications [25], and the presence of either anemia or cog-
nitive impairment increases the likelihood of prolonged
hospitalization [45]. Community-acquired hyponatremia is
associated with inpatient mortality, increased length of stay,
and discharge to short or long-term care facilities [46]. To
our knowledge a relationship between hyponatremia and
early readmissions has not been previously described in an
unselected population.
This research has several limitations. We conducted a

comprehensive search of the peer-reviewed literature
using general terms to increase sensitivity but did not
perform a systematic review, increasing the likelihood
that some characteristics of a frailty may have been
overlooked. Use of a convenience cohort of patients may
have introduced selection bias. Not all potential risk fac-
tors were collected in every patient due to the practical-
ity of conducting interviews in an acutely ill population,
creating a potential for response bias, particularly for the
VES-13 questionnaire. As patients were identified up to
24 hours following admission, the observed association
of specific characteristics with the risk of adverse out-
comes may have been confounded by the care patients
received between admission and assessment. The associ-
ation of patient characteristics and adverse events may be
influenced by differences in processes of care, particularly
in the structured environment of hospitals. Hospital-based
risk mitigation strategies may be applied more uniformly
than in ambulatory settings, yet differ substantially among
institutions. Consequently, the generalizability of our find-
ings is unclear. However, the utility of identifying at-risk
populations very early in the course of hospitalization is
self-evident.
The outcomes included in this analysis are subject to

the influence of the actions of different health care disci-
plines. For example, the incidence of falls may be affected
by risk recognition and mitigation by nursing, or medica-
tions prescribed by physicians [25]. In a systematic review
by Cameron et al., multifactorial interventions were
associated with a relative risk of falls among hospitalized
patients of RR = 0.73 (95% CI 0.56 to 0.96: I2 = 43%) in
comparison to controls [47] Similarly, incidence of
hospital-acquired infections may reflect physician deci-
sions, such as placement of a urinary catheter, or nurses’
efforts to reduce the potential for catheter-acquired urin-
ary tract infections. The 2009 National Healthcare Quality
Report of the Agency for Healthcare Quality and Research
emphasized multidisciplinary teams as a key strategy for re-
ducing HAIs [48]. Bergkvist et al. also found that teams
comprised of physicians, nurses, and pharmacists reduced
the use of inappropriate medications in hospitalized elderly
patients [49]. Collectively, these observations support the
potential benefit of an interdisciplinary approach to frailty
in hospitalized patients.
Many attributes of frailty prevalent among Medicare

beneficiaries can result from potentially remediable condi-
tions, such as functional impairment, and are neither uni-
versally irreversible nor synonymous with aging [50]. Early
recognition of these characteristics during hospitalization
is feasible, and affords the potential to identify and address
underlying health issues that may contribute to adverse
events. These findings may have implications for the de-
velopment of targeted hospital-based safety and quality
improvement programs, and may also be relevant to post-
acute care.

Conclusions
In conclusion, among Medicare beneficiaries, characteris-
tics identifiable within 24 hours of hospital admission are
associated with adverse hospitalizations and readmission
within 30 days of discharge.
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