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Objective: Multivariate statistical methods were used to identify pa-
tient-related variables that predicted length of stay in a single psychi-
atric facility. The study investigated whether these variables remained
stable over time and could be used to provide individual physicians with
data on length of stay adjusted for differences in clinical caseloads and
to detect trends in the physicians’ practice patterns. Methods: Data on
all patients discharged over two six-month periods were collected at an
acute psychiatric inpatient facility. Stepwise multiple regression analy-
ses were conducted on the two datasets. Results: The results from both
analyses revealed that five variables significantly predicted length of
stay and were stable over time. They were a primary diagnosis of schiz-
ophrenia, the number of previous admissions, a primary diagnosis of a
mood disorder, age, and a secondary diagnosis of an alcohol- or other
drug-related disorder. For some physicians, the mean length of stay of
their patients differed significantly from the length predicted by the re-
gression model—generally, it was shorter. Conclusions: The results
demonstrate that patient-related predictors of length of stay in a single
psychiatric hospital can be identified using relatively simple statistical
procedures and can be consistent across a large dataset and over time.
(Psychiatric Services 49:1049-1053, 1998)

each patient needs to remain in the

oday psychiatric hospitals
Tmust meet the challenge of re-

ducing the costs of care while
maintaining a high level of quality (1).
One approach to reducing costs is to
reduce an individual patient’s length
of stay.

The physician, in collaboration with
the treatment team (typically com-
prising a nurse, social worker, psy-
chologist, and rehabilitation services
representative) and the utilization re-
view staff, usually decides how long

hospital. One method of reducing
length of stay is to repeatedly remind
the physician about the need to short-
en stays and make treatment as effi-
cient as possible. To support such re-
minders, most inpatient facilities col-
lect data on length of stay for the pa-
tients of each physician and regularly
distribute those data to the psychi-
atric staff for comparative purposes.
However, length of stay may not al-
ways be comparable between physi-
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cians because of clinical differences
in caseloads.

To improve the utility of data on
length of stay, one might determine
what variables increase or decrease
length of stay and then adjust the data
for their effects. Multivariate analysis
of data on length of stay has been re-
peatedly used to determine relation-
ships between length of stay and vari-
ables related to patients” demograph-
ic characteristics and psychopatholo-
gy. In a comprehensive literature re-
view, Mezzich and Coffman (1) found
that 22 different variables influenced
length of stay in various studies. Di-
agnosis is a common predictor of
length of stay (2—4). However, the
particular diagnoses found to be pre-
dictors and the direction of their in-
fluence tend to vary across psychiatric
facilities. A patient’s age has also been
found to be a predictor in some but
not all facilities (5,6).

According to Choca and associates
(7), past efforts to predict length of
stay using a broad range of demo-
graphic, diagnostic, and treatment
variables have failed to consistently
account for variance in length of stay
in all hospitals. In general, the field
has become pessimistic that any par-
ticular variables reliably predict
length of stay across psychiatric facil-
ities.

Nonetheless, multivariate data
analysis could be an important tool in
providing feedback to individual
physicians about length of stay in an
individual facility. If the predictor
variables remain stable within a facil-
ity, such statistical techniques could
be used to provide data on length of
stay to individual physicians, with ad-
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justments for differences in the clini-
cal make-up of their patients.

We reasoned that three types of
variables could influence length of
stay: patient-, treatment-, and system-
related variables, such as changes in
reimbursement practices. In this
study, we focused on patient-related
variables because our facility databas-
es contained relatively complete in-
formation for such variables. Our
databases are currently being modi-
fied so that we will be able to collect
data on a number of treatment-relat-
ed and system-related variables, and
such variables will be the subject of
future analyses. The purpose of this
study was to apply stepwise multiple
regression analysis to our database to
identify patient-related variables that
remained stable over time and signif-
icantly predicted length of stay. The
results of the analysis would be used
to identify statistically significant dif-
ferences between predicted and ob-
served length of stay for a group of in-
dividual physicians.

Methods
The data for this study were collected
at the Metropolitan St. Louis Psychi-
atric Center in St. Louis, Missouri.
The center provides acute psychiatric
inpatient  services to five eastern
counties in Missouri. It has a bed ca-
pacity of 125, and during the study
period the mean£SD length of stay
was 16.3+17.6 days. In general, it has
a relatively balanced proportion of
male and female patients, 60 and 40
percent, respectively. Fifty percent of
its patients are Caucasian, and 48 per-
cent are Afrvican American. The
meansSH age of the patients during
the study period wias 3581107 vears.
A substantial proportion of the pa-
tients at the center ihout 30 percent)
suffer from psychotic disorders, snch
as schizophrenia, schizoaffective dis-
order, and psychotic disorder not oth-
erwise specified. About 25 percent
have mood disorders, such as bipolar
disorder and major depressive disor-
der. Comorbidity of these axis 1 disor-
ders with secondary axis 1 alcohol or
drug abuse or dependence occurs in
about 30 percent of all patients. Co-
morbidity of the axis I disorders with
axis 1T personality disorders also oc-
curs in about 30 percent of patients.
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For this study, data for 769 patients
discharged between July 1, 1995, and
December 31, 1995, were included in
a primary dataset. The data, which
were obtained from the center’s inter-
nal database, consisted of each pa-
tients age, primary axis I diagnosis,
secondary axis I diagnosis, axis II di-
agnosis, gender, legal status, number
of previous admissions, and length of
stay. In addition, similar data for 764
patients discharged between January
1, 1996, and June 30, 1996, were col-
lected in a replication dataset.

Patients admitted to the center are
assigned to a physician on a rotating
basis, with two minor exceptions.
Court-ordered alcohol and drug ad-
missions and patients eligible to partic-
ipate in research studies are admitted
to individual separate units. Taken to-
gether, these two groups of patients
represent less than 10 percent of the
center’s admissions. Once admitted,
each patient is evaluated by a physi-
cian and a treatment team to deter-
mine the patient’s diagnosis, which is
based on DSM-IV criteria. Other diag-
nostic systems are not routinely used.

Because of the assumptions under-
lying the distribution of values in a
multiple regression analysis, patients
with outlying values for length of stay,
age, and number of previous admis-
sions were eliminated from the pri-
mary dataset. These patients included
two with lengths of stay of more than
180 days, three patients over age 75,
and four patients who had 40 or more
previous admissions to the center.
Thus the primary dataset reflected a
total sample size of 760 patients.

Next, the primary dataset was ran-
domly divided into two subsets, one
for derivation of the regression model
and the other to test the repeatability
ol the regression model results. Each
component ol the primary dataset
had a0 sample size of 380, Analyses
were ran separatel on cach of these
dataset components and then on the
entire primary datasct.

Several variables were included as
candidates for predicting a paticnt’s
length of stay. In addition to age, gen-
der, commitment  status (voluntary
versus imvoluntary), and the number
of previous wdmissions, the variables
included several asis 1 primary and
secondary disorders and axis TT disor-

ders. Variables for axis I primary dis-
orders were alcohol- and other drug-
related disorders, anxiety and adjust-
ment disorders, disorders of cognitive
deficit, mood disorders, schizophre-
nia, and all other axis I primary disor-
ders. Variables for axis I secondary
disorders were alcohol- and other
drug-related disorders, anxiety and
adjustment disorders, disorders of
cognitive deficit, mood disorders,
schizophrenia, and other secondary
axis I disorders. Axis II disorders were
cluster A personality disorders (for
example, paranoid personality disor-
der), cluster B personality disorders
(for example, borderline personality
disorder), cluster C personality disor-
ders (such as obsessive-compulsive
personality disorder), and axis II dis-
orders of cognitive deficit (for exam-
ple, mental retardation).

Several diagnostic variables were
eliminated from consideration be-
cause the number of patients with the
diagnosis was less than 5 percent of
the total sample: axis I primary disor-
ders of cognitive deficit, axis I sec-
ondary disorders of cognitive deficit,
axis I secondary anxiety and adjust-
ment disorders, all other axis I sec-
ondary disorders, axis I secondary
schizophrenia, and cluster A person-

ality disorders.

Results

Table 1 presents the mean and stan-
dard deviation values for all variables
for the two components of the prima-
ry sample, the entire primary dataset,
and the replication dataset.

Analysis of the primary dataset

A stepwise multiple regression analy-
sis was first performed on the first
component of the primary sample to
derive a multivariate model to predict
length of stay. The results revealed
that a primary diagnosis of schizo-
phrenia, age, a primary diagnosis of
mood disorder, and the number of
previous admissions accounted for 16
pereent of the variance in length of
stay (IF'=17.81, df=4,375, p<.001).

A scecond stepwise multiple regres-
sion analysis was performed on the
second component of the primary
sample to determine the repeatability
of the model found for the first com-
ponent. In this analysis, a primary di-
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Table 1

Mean values for variables used to predict length of stay in two samples of inpatients at a psychiatric hospital, a primary sam-
ple divided into two components for analytical purposes and a replication sample

Primary sample

First compo- Second compo- Entire sam- Replication
nent (N=380) nent (N=380) ple (N=760) sample (N=764)

Variable Mean SD Mean SD Mean SD Mean SD
Age (years) 35.75 10.38 35.92 10.91 35.83 10.65 35.97 10.74
Primary axis I diagnosis (%)

Alcohol- or other drug-related disorder 25.3 43.5 25.8 43.8 25.5 43.6 21.3 41.0

Anxiety or adjustment disorder 8.4 27.8 3.9 19.5 6.2 24.1 6.5 24.7

Mood disorder 25.3 43.5 27.9 449 26.6 442 26.6 44.2

Schizophrenia 34.5 47.6 36.6 48.2 35.5 47.9 38.2 48.6

Other 5.0 21.8 5.0 21.8 5.0 21.8 6.4 24.5
Secondary axis I diagnosis (%)

Alcohol- or other drug-related disorder 26.3 44.1 32.4 46.8 29.3 45.6 27.2 445

Mood disorder 55 22.9 3.9 19.5 4.7 21.3 0 —
Axis IT diagnosis

Cluster B personality disorder 13.9 34.7 15.3 36.0 14.6 35.3 13.9 34.6

Cluster C personality disorder 16.8 37.5 16.1 36.8 16.4 37.1 17.4 37.9

Disorder of cognitive deficit 7.1 25.7 45 20.7 5.8 23.4 6.4 24.5
Sex (%)

Female 41.3 49.3 38.4 48.7 39.9 49.0 39.5 48.9

Male 58.7 49.3 61.6 48.7 60.1 49.0 60.5 48.9
Commitment status (%)

Involuntary 50.8 50.1 49.2 50.1 50.0 50.0 54.7 49.8

Voluntary 49.2 50.1 50.8 50.1 50.0 50.0 45.3 49.8
Previous admissions (N) 3.3 5.1 3.3 44 3.3 4.7 3.4 4.9
Length of stay (days) 16.15 1745 1648 1774  16.32 1758 1896 21.82

agnosis of schizophrenia, the number
of previous admissions, a secondary
diagnosis of alcohol- and other drug-
related disorders, and a primary diag-
nosis of mood disorder accounted for
20 percent of the variance in length of
stay (F=24.53, df=4,375, p<.001).

The models for both components
had three variables in common that
predicted length of stay: a primary di-
agnosis of schizophrenia, a primary
diagnosis of mood disorder, and the
number of previous admissions. Age
contributed to predicting length of
stay only in the first component, and
a secondary diagnosis of an alcohol-
or other drug-related disorder con-
tributed to predicting length of stay
only in the second component.

A third stepwise multiple regres-
sion analysis was then performed on
the entire primary dataset. The re-
sults revealed that five variables ac-
counted for 17 percent of the vari-
ance in length of stay (F=32.33,
df=5,754, p<.001). They were a pri-
mary diagnosis of schizophrenia, the
number of previous admissions, a pri-

mary diagnosis of mood disorder, age,
and a secondary diagnosis of an alco-
hol- or other drug-related disorder.
Table 2 presents additional results
from this multiple regression analysis.

Using the equation generated from
the stepwise multiple regression anal-
ysis of the entire primary sample, we
then determined whether a signifi-
cant difference existed between the
observed mean length of stay and the
predicted mean length of stay for
each physician (see Table 3).

Analysis of the replication dataset
The analysis was replicated using data
from the replication dataset from a sec-
ond time period (N=764). As for the
other analyses, data for subjects with
outlying values were deleted. Results
from the stepwise multiple regression
analysis revealed that the same five
variables from the primary sample pre-
dicted length of stay and accounted for
15 percent of the variance (F=25.94,
df=5,758, p<.001). Table 4 presents
additional results of this analysis.

Table 2

Predictors of length of stay in a stepwise multiple regression analysis of data from
a primary sample of 760 inpatients at a psychiatric hospital

Effect
Regression step and variable R2 F df direction
1. Primary diagnosis of schizophrenia .1040 87.97 1,758 Positive
2. Number of previous admissions .1348 58.95 2,757 Positive
3. Primary diagnosis of a mood disorder 1543 45.98 3,756 Positive
4. Age 1701 38.69 4,755 Positive
5. Secondary diagnosis of an alcohol- or
other drug-related disorder 1765 32.33 5,754 Negative
1051
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Table 3

Actual and predicted lengths of stay (in days) for the patients of physicians at a psychiatric hospital during two six-month pe-
riods (primary sample and replication sample)

Primary sample Replication sample

Actual Predicted Differ- Actual Predicted Differ-

length of stay length of stay  ence be- length of stay length of stay ence be-

N of tween N of tween

Physician ~patients Mean SD Mean SD  means p! patients Mean SD  Mean SD means  p'
A 32 23.88 1767 1833 9.33 5.55 ns 39 23.03 20.64 2066 9.11 2.37 ns
B 44 26.30 30.82 17.81 8.56 8.49 ns 70 2185 30.75 2052 8.29 1.33 ns
C 30 16.77 13.67 16.31 6.93 0.46 ns 27 3778 2561 2235 5.01 15.43 .006
D 71 16.65 13.31 1539 745 1.26 ns 72 24.43 3247 1937 927 5.06 ns
E 73 8.37 516 1094 404 -2.57 <.001 61 10.34 6.20 11.77 593 -1.43 ns
F 71 15.04 1402 1564 684 -0.60 ns 76 19.41 17.75 18.06 8.60 1.35 ns
G 72 22.38 2231 17.09 6.63 5.29 ns 87 1760 20.38 19.16 7.19 -1.56 ns
H 77 14.44 14.02 14.73 688 -0.29 ns 75 1872 2128 18.08 8.21 0.64 ns
1 55 12.86 1278 1589 7.18 -3.03 ns 44 1759 15.78 18.58 7.22 —0.99 ns
] 30 10.47 10.81 1556 6.59 -5.09 039 49 1873 20.29 19.28 8.63 -0.55 ns
K 96 16.15 1569 19.04 746 -2.89 ns 105 15.59 18.99 19.87 847 —4.28 .039
L 93 16.98 22.01 1840 756 -1.42 ns 73 16.19 13.89 21.33 7.99 -5.14 .007

! Statistical significance was determined using a large-sample F test (14).

Using the equation generated from
the replication dataset, we again com-
pared the actual mean length of stay
and the predicted mean length of stay
for each physician. Results for both
this dataset and the primary dataset
are shown in Table 3.

Significant differences between
predicted and actual lengths of stay
were uncommon. In four of five cas-
es, the actual lengths of stay were
shorter than the predicted lengths of
stay. Also, in no case did the same
physician have patients with outlying
lengths of stay in both time periods.

Discussion

The results of this study demonstrate
that patient-related predictors of
length of stay in a single psychiatric
hospital can be consistent across a

large dataset and across two six-
month periods. The percentage of
variance in length of stay explained by
the multivariate models ranged from
15 to 20 percent, which is in keeping
with the results of other studies
(4,5,7,8). Although limited, the per-
centage of variance explained by our
model is also consistent with sugges-
tions that an upper limit on predictive
efficiency exists (7). Unfortunately,
most of the variance in length of stay
cannot currently be explained (7).
Like some previous investigators,
we found that a primary diagnosis of
schizophrenia (2), a greater number
of previous admissions (1,2,6,9,10),
and greater age (5,6,11) predicted a
longer length of stay. On the other
hand, Schumacher and colleagues
(12) found age and the number of

Table 4

Predictors of length of stay in a stepwise multiple regression analysis of data from
a replication sample of 764 inpatients at a psychiatric hospital

Effect

Regression step and variable R? F df direction
1. Primary diagnosis of schizophrenia .0850 70.82 1,762 Positive
2. Primary diagnosis of a mood disorder 1116 47.78 2,761 Positive
3. Age .1336 39.05 4,760 Positive
4. Number of previous admissions .1405 31.01 4,759 Positive
5. Secondary diagnosis of an alcohol- or

or other drug-related disorder .1461 25.94 5,758 Negative
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previous admissions to be only weak
predictors of length of stay. Consis-
tent with the results of Lyons and Mc-
Govern (13) and Choca and associ-
ates (7), but in contrast to the results
of Chang and coworkers (2), we also
found that a comorbid alcohol- or
other drug-related disorder predicted
a shorter length of stay.

Interestingly, several variables in
our dataset that our clinicians thought
would be powerful predictors of
length of stay were not. For example,
we did not find that any comorbid axis
IT disorder predicted length of stay.
Also, commitment status—voluntary
or involuntary commitment—was not
a predictor of length of stay. Such dis-
crepancies between our results and
clinical judgment, and between our
results and the results of previous
studies, suggest that the observations
and predictions of one or even many
clinical experts may be unreliable,
and that predictors of length of stay
may vary considerably across differ-
ent hospitals (7). Nonetheless, our re-
sults strongly suggest that patient-re-
lated predictors of length of stay in a
single hospital can be stable over rea-
sonable intervals of time and can be
readily discovered using relatively
simple statistical procedures.

Differences between observed and
predicted length of stay for individual

physicians were observed and were
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variable across time. As Table 3
shows, in the cases of the physicians
whose patients had statistically signif-
icant deviations from the predicted
length of stay, the stays were general-
ly shorter, and these physicians were
not the same over the two time peri-
ods. The data do not suggest that the
behavior of individual physicians was
a significant factor in prolonging pa-
tients’ length of stay.

These findings suggest that pro-
cesses that had a significant impact on
physicians’ practice over time may al-
ready have been operating in our fa-
cility. Processes that produce change
in length of stay may be unique to an
individual physician—for example,
the physician may treat many acutely
ill patients or many patients with the
same diagnosis. Alternatively, these
processes may represent the interac-
tion between an event affecting all
physicians—for example, the avail-
ability of a new antipsychotic drug—
and an individual physician’s response
to that event. The tendency for the
physicians with outlying values in our
study to have patients with shorter
stays may also have been due to a
general emphasis in our facility to
shorten length of stay. Our analyses of
data on length of stay should allow for
a more systematic examination of
such trends.

One may ask whether providing
such data to individual physicians on a
regular basis will, in and of itself, alter
length of stay and thus reduce the
costs of inpatient psychiatric care. We
have begun to report data on length
of stay to our psychiatric staff mem-
bers and will soon be able to address
such questions. In addition, one could
hypothesize that the availability of
new treatments and other changes in
the health care system may also have
a statistically significant effect on
length of stay. In future studies, we
will target such factors to improve our
ability to account for a greater pro-
portion of the variance in length of
stay.

Conclusions

As pressures continue to mount to
contain the costs of psychiatric inpa-
tient treatment, modern tools of sta-
tistical analysis may be highly useful
in identifying patient-related vari-

ables that determine length of stay.
Once variance due to these variables
can be understood, the length of stay
of patients treated by individual
physicians can be predicted. Compar-
isons between predicted and ob-
served lengths of stay for individual
physicians can then become a useful
tool for identifying practitioners
whose patients have unusually long
stays and for reducing length of stay
and the costs of psychiatric treat-
ment. ¢
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First-Person Accounts Invited for Column

Patients, former patients, family members, and mental
health professionals are invited to submit first-person
accounts of experiences with mental illness and treat-
ment for the Personal Accounts column of Psychiatric
Services. Maximum length is 1,600 words. The column

appears every other month.

Material to be considered for publication should be
sent to the column editor, Jeffrey L. Geller, M.D.,
M.PH., at the Department of Psychiatry, University of
Massachusetts Medical School, 55 Lake Avenue North,
Worcester, Massachusetts 01655. Authors may publish

under a pseudonym if they wish.
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