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Abstract

Objective: To determine clinical and patient-centered factors predicting non-elective hospital readmissions. Design: Secondary analy-
sis from a randomized clinical trial. Clinical setting. Nine VA medical centers. Participants. Patients discharged from the medical service
with diabetes mellitus, congestive heart failure, and/or chronic obstructive pulmonary disease (COPD). Main outcome measurement.
Non-elective readmission within 90 days. Results: Of 1378 patients discharged, 23.3% were readmitted. After controlling for hospital and
intervention status, risk of readmission was increased if the patient had more hospitalizations and emergency room visits in the prior 6
months, higher blood urea nitrogen, lower mental health function, a diagnosis of COPD, and increased satisfaction with access to emer-
gency care assessed on the index hospitalization. Conclusions: Both clinical and patient-centered factors identifiable at discharge are re-
lated to non-elective readmission. These factors identify high-risk patients and provide guidance for future interventions. The relationship
of patient satisfaction measures to readmission deserves further study. © 2000 Elsevier Science Inc. All rights reserved.
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1. Introduction

Among hospitalized general medicine patients who are
discharged to home, 17-19% experience non-elective read-
missions (those for urgent or emergent reasons) within 90
days of discharge [1-3] and these rates are higher (31-50%)
for older patients [4,5]. Early readmission may reflect the
natural course of disease or poor quality of care [6,7]. In &-
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ther case, strategies to identify and intervene with high-risk
patients are essential as health care systems seek to reduce
hospital utilization [8]. Nowhere is such knowledge more
relevant than in the Veterans Health Administration (VHA)
health care system that provides care to older and vulnera-
ble patients ar risk for readmission [9,10].

The objective of this study was to identify clinical and
patient-centered factors that predict non-elective hospital
readmission. Such information may be useful for providing
direction for developing interventions to reduce these
events. Previous studies of non-elective readmission have
used prognostic models to identify risk factors [1,2,4,5,11].
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Several of those risk factors, identified by multivariable
analyses, were consistent among reports. Those risk factors
were more frequent prior hospitalizations and emergency
room (ER) visits [1,4,5], higher blood urea nitrogen (BUN)
or serum creatinine levels [1,2,11], higher white blood cell
(WBC) counts[1,11], and anemia[1,2,11].

A recent multi-site clinical trial [12] provided an oppor-
tunity to extent prior research. The advantages of this data-
base were that it contained data from nine geographically
diverse hospitals and included measures of patient-centered
variables such as functional status (health-related quality of
life) and patient satisfaction (a measure of quality of care).
Our hypotheses were that higher functional status and
higher patient satisfaction would be independently and in-
versely related to readmission after adjusting for previously
reported risk factors.

2. Methods
2.1. Sudy sites and population

This is a secondary analysis of a multi-center random-
ized, controlled trial of increasing accessto primary care for
patients hospitalized at nine VA Medical Centers[12]. Sites
were chosen for diversity of location and academic affilia
tion, not on the basis of their readmission rates. Before the
investigation began, all the study personnel met to review
and standardize the study protocol.

Patients hospitalized on the General Medicine Service
were eligible if they had diabetes mellitus, chronic obstruc-
tive pulmonary disease (COPD), or congestive heart failure
(CHF) documented in the medical record at or before the
time of the index admission (not necessarily as the reason
for admission). We selected these three diseases because
they are prevalent among veterans, patients with these dis-
eases are commonly readmitted, and hospital readmissions
to treat these diseases might be reduced if physicians could
recognize high-risk patients sufficiently early (at time of
discharge) to provide more intensive care before or after
discharge.

Patients were excluded if they were: aready receiving
continuous care at a primary care clinic; receiving diaysis,
chemotherapy, or radiation therapy; residing in, or planned
to be discharged to a nursing home; admitted only to un-
dergo a procedure; hospitalized to receive terminal care; un-
able to speak English; if they scored <5 on the Mental Sta-
tus Questionnaire [13] and had no care giver; or had no
telephone access.

2.2. Sudy design

Research assistants at each site screened al patients ad-
mitted to the General Medicine Service. Potentially eligible
patients were referred to the study nurse, who determined
eligibility, obtained informed consent, and collected base-
line data. Patients were randomized into one of two groups,
control (usual care) or aprimary care intervention, and were

then followed for 6 months[12]. The primary care interven-
tion included enhanced access to a primary care nurse and
physician.

2.3. Basdline variables

Baseline variables included the hospita site, patient de-
mographics, the Medical Outcomes Study short form health
survey (SF-36) from which the Physical and Mental Com-
ponent Summaries were computed [14,15], and 11 sub-
scales of the Patient Satisfaction Questionnaire (PSQ) [16].
We hypothesized that increased physical and mental func-
tion and increased patient satisfaction would be related to
lower readmission rates. From the medical records, data
were obtained on the severity of disease. For diabetes melli-
tus, severity classes were: (1) on diet or oral agents; (2) on
insulin; and (3) with severe end-organ damage irrespective
of treatment. For COPD, severity was coded as. (1) pres-
ence of COPD without oral steroids or home oxygen; (2) on
chronic ora steroids; and (3) on home oxygen with or with-
out oral steroids. For CHF, we used the New York Heart
Association classes (I through 1V).

In addition, from each local hospital computer (Decen-
tralized Hospital Computing Program, a standardized infor-
mation system in VA hospitals), we obtained the last |abora-
tory value prior to discharge for BUN, hemoglobin, and
WBC. Hospitalizations during the 180 days prior to dis-
charge were obtained from the Patient Treatment File
(PTF), a national administrative database containing infor-
mation on all VA hospitalizations.

2.4. Primary outcome variable

The primary outcome variable wastimeto first non-elec-
tive readmission within 90 days of discharge. Elective read-
missions were not considered as part of the outcome. Elec-
tive readmissions were for non-urgent, scheduled procedures
where a delay in the inpatient stay presented no risk to the
patient; for example, elective orthopedic surgery, herniare-
pair, and elective cardiac catheterization. All other readmis-
sions were considered non-elective [11]. Patients who died
were censored at the time of death.

We identified readmissions within the VA using the
PTF. We chose 90 days as the time period when readmis-
sions are more likely affected by baseline measures. The 90-
day interval has also been used in previous reports [1-3]
and a plot of readmission frequency over time showed a
drop in frequency after 90 days. Information regarding non-
VA readmissions came from reports by patients and were
verified with their providers. Only readmissions that could
be verified by providers were counted. Medical records of
VA and non-VA hospitalizations were classified as elective
or non-elective by a panel of physicians.

2.5. Satistical analysis

The patient was the unit of analysis. Chi-square tests and
t-tests were used for the bivariate analyses evaluating the
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association between candidate variables and readmission.
PROC LIFETEST from SAS [17] was used to test the pro-
portional hazards assumption. Participating site showed def-
inite departure from this assumption (log-rank, P =
0.0001); so a stratified Cox model was used with site as the
stratification variable [18,19]. The SAS procedure PHREG
[17] was used to conduct the analysis alowing for stratifica-
tion by site. The Cox model was initialy fit including al
candidate predictor variables. A stepwise procedure was
then employed using backward elimination. The model rou-
tine ceased removing variables when no variable had a sig-
nificance level greater than 0.05.

Twenty bootstrap samples were run to see what variables
would be selected in each of the models. For each sample,
stepwise Cox regression analysis was performed with back-
ward elimination using the « = 0.05 elimination criterion.

3. Results

During the study, 10,129 patients were screened; 3209
met all criteria for eligibility, and 1396 (43.5%) were en-
rolled. The common reasons for non-enroliment were the
patient’ s decision not to participate (concerned about losing
specialists' care) and discharge from the hospital before en-
rollment was completed. Of those enrolled, 18 died or with-
drew from the study before discharge, leaving a cohort of
1378. Of these, 321 (23.3%) were non-€electively readmitted
within 90 days.

3.1. Bivariate analysis

By bivariate analysis (Table 1), those patients who were
readmitted non-electively were older, more likely to be
Caucasian, and be unemployed. Readmitted patients had a
higher burden of illness as reflected by higher BUN, pres-
ence of anemia, and leukocytosis. Those readmitted had
more ER visits and hospitalizations in the prior 6 months,
and they had a longer stay on the index admission. Lower
physical and mental component summary scores (from the
SF-36) were aso found for those non-electively readmitted
indicating a lower functional status for this group. Higher
scores on the satisfaction surveys indicate a measure of
greater satisfaction. In these bivariate analyses, there were
no significant differences in satisfaction scores between
those non-electively readmitted and those not, although
some P-values were between 0.05 and 0.10. Patients as-
signed to the intervention (primary care) group were more
likely to be readmitted [12]. The percent of patients read-
mitted varied significantly among the nine sites ranging
from 15.3% to 37.3%.

The relationship between disease severity and readmis-
sion rates are shown in Table 2. For patients with CHF, re-
admission rates increased consistently from 23.0% to 34.8%
with increasing severity by the New Y ork Heart Association
classification. For patients with COPD, readmission rates
increased from 27.7% to 38.2% aong the three levels of se-

verity distinguished by pharmacologic management and use
of oxygen therapy. However, for patients with diabetes mel-
litus, readmission rates only increased for the subgroup with
end organ damage.

3.2. Multivariable analyses

The variables in the final Cox regression model are
shown in Table 3. Grouping these variables by the domains
from Tables 1 and 2, we found none of the demographic
variables to be independent predictors of non-elective read-
missions. Of the three laboratory variables obtained at base-
line, only ahigher BUN level was an independent predictor.
In terms of resource utilization, both increased emergency
room visits and increased hospitalizations in the prior 6
months predicted future hospitalization.

Two patient-centered variables were significantly and in-
dependently related to non-elective readmissions: (1) lower
scores on the mental component summary scale (from the
SF-36) and (2) higher satisfaction with access to emergency
care. Assignment to treatment group (enhanced access to
primary care providers) continued to be asignificant predic-
tor of readmissions. Of the three disease variables, only
COPD increased risk for readmission.

Results of the 20 models in bootstrap analyses showed
that hospitalizations in the prior 6 months and the diagnosis
of COPD entered all 20 models. Number of ER visitsin the
prior 6 months and BUN level entered the models 18 and 16
times, respectively. These were followed by treatment
group (13 times), satisfaction with access to emergency care
(12 times), and mental component summary score (12
times). Thus, there was good consistency between the fina
model and the bootstrap results.

4. Discussion

The high frequency of hospital readmissions with their
associated morbidity and costs emphasize the need for iden-
tifying high-risk patients and potential interventions tar-
geted to risk factors that might be amenable to change. Clin-
ical trials of interventions without targeting specific risk
factors have not been successful in reducing readmission
rates [3,12,20,21]. Thus, there is need for more guidance in
targeting high-risk patients with specific interventions.

Using a unique database, we were able to identify seven
variables that were significantly and independently related
to risk of non-elective readmission. Further, these variables
were validated by 20 bootstraps of the model. Some of these
variables (patient-centered characteristics) have not been
previously reported and provide new insights into risk fac-
torsfor readmission.

Among the risk factors identified, prior health care utili-
zation and disease severity are supported by previous stud-
iesin the literature. Specificaly, prior emergency room vis-
its and hospitalizations [1,4,5], higher levels of BUN or
serum creatinine [1,2,11], and the presence of the diagnosis
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Table1
Baseline characteristics of patients grouped by non-elective readmission status at 90 days®
Not readmitted Nonelectively readmitted
Characteristics (n=1,057) (n=321) P-Vaue
Demographic
Age (years) 61.6 + 11.1 64.3 = 10.6 <0.001
Gender (% males) 98.4 98.8 0.643
Race (% white, non-Hispanic) 62.7 72.3 0.002
Marital status (% married) 54.7 54.8 0.963
Education (highest grade completed) 112+ 32 109+ 31 0.193
Living distance from VAMC (miles) 329+ 345 33.7 =389 0.740
Employment status (% employed) 18.9 10.9 0.001
Service connected (%) 29.6 284 0.663
Laboratory variables
Blood urea nitrogen (mg/dl) 19.8 + 12.6 254+ 176 <0.001
Presence of anemia (Hgb, males <12 G/dI, females <10 G/dI) (%) 228 30.8 0.001
Presence of leukocytosis (WBC =12,000/cu.mm) (%) 10.6 15.6 0.015
Resource utilization variables
ER visitsin prior 6 months 1.06 + 1.13 143+ 144 <0.001
Hospitalization in prior 6 months (%) 24.4 452 0.001
Length of stay onindex hospitalization (days) 101+ 9.8 127 = 154 0.005
Patient-centered variables
Physical component summary (SF-36) 323+ 111 288+ 95 <0.001
Mental component summary (SF-36) 454+ 125 43.0 = 12.7 0.003
Satisfaction scales
Access to emergency care 33*x07 34+07 0.092
Ease of reaching care location 35+x08 35*x09 0.994
Access to primary care 31+09 32+09 0.302
Continuity of care 27+10 27+10 0.904
Technical competence of providers 3405 3405 0.824
Elimination of unnecessary risks 30x05 30x06 0.819
Quality of facilities 3.6+07 3.6+07 0.318
Prudence with expenses 31+08 3107 0.874
Explanations by providers 31+08 3.0+09 0.069
Consideration shown by providers 36*x06 3605 0.583
General satisfaction 32x07 32x07 0.939
Assignment to primary care intervention group (%) 47.6 56.4 0.006
Readmission by site (range, %) 15.3-37.3% 0.001
a/aues are the means and standard deviations or percentages.
of COPD [4] have been previously reported as predictive of
subsequent readmission. Our identifying these risk factors
lends further support to their importance as predictor vari-
Table 2

ables for non-elective readmission among general medicine
patients. In addition, the 23% readmission rate during 90
days after discharge is also consistent with previous reports
of high frequencies of non-elective readmissions for pa-
tients discharged from the medical service [1-5].

The unique findings in this study are that two patient-
centered variables were significantly and independently re-
lated to non-elective readmissions even after adjusting for
prior health care utilization and disease severity: menta
component summary scores from the SF-36 and a patient
satisfaction measure. The influence of mental health prob-
lems on risk for increased hospitalizations for patients with
chronic medical disease is increasingly being recognized as
important. Notably, older patients hospitalized with conges-
tive heart failure and depression use more outpatient and in-
patient medical services compared to those with congestive
heart failure but without depression [22]. Thus, there is sup-
port for lower mental health scores being arisk factor for re-
admission among general medicine patients.

Disease severity and readmission rates

Disease n % Readmitted  P-value?
Congestive heart failure

Absent 881 19.9

NYHA Class| 61 230

NYHA Class|| 186 274

NYHA Class 11 164 311

NYHA Class IV 86 34.8 0.001
Chronic obstructive pulmonary disease

Absent 805 193

No ora steroids or home oxygen 434 277

On ord steroids 71 282

On home oxygen with or without

ord steroids 68 38.2 0.001

Diabetes mellitus

Absent 634 27.3

On diet or oral agents 325 188

Oninsulin 193 145

With severe end organ damage 226 26.2 0.001

@The P-values compare the percent readmitted across all severity groups
within a disease.
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Table3
Model of predictors of non-elective readmission by stepwise Cox regression
Parameter Standard Chi-sgquare Risk ratio

Variable estimate error P-value (95% ClI)
Laboratory variables

BUN 0.012 0.004 0.003 1.012 (1.004, 1.020)
Resource utilization variables

Number of ER visitsin prior 6 months 0.128 0.045 0.004 1.134 (1.041, 1.240)

Hospitalization in prior 6 months 0.617 0.134 0.0001 1.854 (1.425, 2.413)
Patient-centered variables

Mental component summary (SF-36) -0.013 0.005 0.011 0.987 (0.977, 0.997)

Satisfaction with access to emergency care 0.202 0.092 0.028 1.223 (1.022, 1.465)
Assignment to primary care intervention group 0.279 0.129 0.031 1.322 (1.027, 1.703)
Disease variables

COPD 0.287 0.068 0.0001 1.333(1.166, 1.524)

The other patient-centered risk factor was the patient sat-
isfaction scale that has not been studied as a predictor of
outcomes. Increased satisfaction with access to emergency
care was associated with increased risk for readmission.
Further, the intervention that increased/improved access to
primary care resulted in increased patient satisfaction with
access to both emergency care and primary care, but also in-
creased readmissions [12]. We interpreted the increased fre-
quency of emergency room visits to be a marker of those
patients with unstable or more severe disease states that
were not measured in this study. Thus, it appears that im-
proving access to and satisfaction with primary care and
emergency care in patients who have more severe disease
without a specific intervention for those conditions is not
only ineffective, but may increase non-elective readmission
rates. Clearly it would be inappropriate to reduce satisfac-
tion with access to emergency care as a method for reducing
readmission rates. However, a direction for further research
would be to evaluate high-risk patients for specific interven-
tions at discharge, during follow-up care, and during emer-
gency room visits for potential specific interventions for
their disease conditions. That is, in order to reduce readmis-
sions, research effortswill need to be directed to specific in-
terventions in improving care when improving access.

Few of therisk factorsidentified in this study are modifi-
able, but it is important to review them to see if there are
clues for possible interventions. Risk factors of prior health
care utilization (e.g., prior hospitalizations and emergency
room visits), are easy to obtain for rapidly targeting patients
at risk for potential interventions either in a clinical trial or
inclinical practice. They likely indicate patients with unsta-
ble or more severe disease states. It may be that other do-
mains or other patient characteristics, not measured in this
study, will be found to provide a direction for intervention.
For example, the association of quality of inpatient care and
early readmission has been reported [6,23]. Another unmea-
sured domain is unmet medical, nursing, and socia support
needs at discharge. In a previous study, this variable was
predictive, but ER visitswas not [11]. Thus, prior utilization
factors help to easily target patients at risk and provide in-

centive to investigate other factors not measured in this
study.

In the domain of disease and disease severity, higher lev-
els of BUN and presence of COPD were significant and in-
dependent predictors of readmission. These variables indi-
cate that patients with these specific illness markers are at
higher risk. Knowledge of these markers is available at the
time of discharge. One direction for finding potential inter-
ventions would be to examine the care process for patients
with these markers, especially those patients with more fre-
quent prior health care utilization.

Closely related to disease and disease severity is the do-
main of functional status (e.g., the mental component sum-
mary score from the SF-36). Thisis an important risk factor
and it is not routinely assessed in practice. Consideration
should be given to a brief screen for this factor at time of
discharge. A review of interventions that have had a posi-
tive effect on function in this area is another direction for
potential interventions to reduce readmission rates.

Thefindings of this study are limited by the inception co-
hort consisting of hospitalized veterans which limits appli-
cation to other populations. However, it is a multi-site
study, and many of the predictors for non-elective readmis-
sion in this study have been reported in other populations.
Another limitation is the breadth of domains of the potential
risk factors collected. For example, measures of quality of
care [6,23] and unmet medical, nursing, and socia support
needs [11] were not collected. Finaly, two of the risk fac-
torsin the model have risk ratios that are close to one, BUN
level and mental component summary score. Although their
inclusion is justified by the bootstrap analysis, variables
with odds ratios close to one may not be consistently found
in future studies.

In summary, identification of those factors which best
predict readmission provides direction for potentia inter-
ventions and/or further research for reducing costly read-
missions and associated morbidity. This model is unique in
finding patient-centered variables, such as mental heath
status and patient satisfaction, as significant and indepen-
dent risk factors. Increasing the breadth of domainsin future
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models to include additional areas may further improve ac-
curacy of prediction and provide more direction for poten-
tial interventions.
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