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We do this in parallel logistic regression models that take into account several key
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speci�c e�ects in the context of informative covariates.
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1 INTRODUCTION 1

1 Introduction

The study of VA quality monitor time series in West and Aguilar (1997), Aguilar and West
(1998) and West, Aguilar and Lourdes (1998) concerned annual quality measures over the
years 1987-1995. That study developed statistical analyses of patient \return for follow-up"
data at a highly aggregate level: data studied were care-area and hospital speci�c annual
quality measures. The current report explores similar issues though at the �nest level of
detail, studying patterns of variability in individual patient return times categorised by
care area, hospital and several other socio-demographic and medical history covariates. As
with the earlier studies, the key motivating concern is to evaluate di�erences in return
time distributions that are speci�c to individual hospitals, now in the context of a range of
possible explanatory variables.

Our study here focuses on the general psychiatric care area, Monitor 20 or M20. We
study the individual level data on an annual basis, exploring variations in return times
classi�ed by calendar year. We begin with an in-depth study of the data in just one year,
1997. Across the entire hospital system, and for all patients discharged from initial care in
this area during the calendar year 1997, the raw outcome of \quality" is the reported time
from that point until return to follow-up care. The notion that delayed returns or long return
times represent \poor quality" in this area of care underlies the interest in this data base.
Interest lies in exploring the relationships between return times and a moderate number of
available covariates, with a primary focus on understanding and explaining di�erences in
return time distributions between hospitals. The Hospital factor is the primary covariate
of interest, the others being secondary. However, in order to isolate hospital speci�c e�ects
we need models that adjust for the covariates and so will be exploring di�erences in return
times that are related to some of the other covariates.

Section 2 presents summaries of M20FY97 (Monitor 20, �nancial year 1997) data, and
discusses some of the �nding from our preliminary exploratory analyses. Section 3 in-
troduces the discrete duration models �nally adopted, and reviews the process used to
explore and isolate relevant subsets of covariates for further study. Section 4 gives in-depth
discussion of several related analyses using these models, with substantive comments and
summary inferences on the relative importance and e�ects of several of the categorical co-
variates in explaining structure in the observed return times, as well as formal summaries
for the idiosyncratic e�ects of each of the hospitals.

Following this, Section 5 extends the focus to multiple years, developing more general
models that relate hospital-speci�c e�ects across calendar years. This longitudinal frame-
work is relevant in connection with our interests in the patterns of change from year-to-year
in quality levels at the institutional level, and allows for hospital-level e�ects to be system-
atically related year-to-year through time series models. This extends our previous work
with longitudinal hierarchical models for more highly aggregate data (West and Aguilar
1997, Aguilar and West 1998, West, Aguilar and Lourdes 1998). We explore the analysis of
the full 10 years of data available, 1988-1997 inclusive, and report a range of summary con-
clusions in Section 6. Section 7 brie
y indicates and some potential further investigations.
Appended are all graphical summaries of analysis.
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2 M20FY97 Data

The M20FY97 data set includes a total of 35,368 individuals treated at 140 hospitals (sta-
tions/facilities) each with information on several covariates. We focus only on individuals,
or \cases," classi�ed as outpatients. From the original data base and following discussion
with VA personnel and preliminary/exploratory data analyses, we constructed a modi�ed
data base with return time data and categorical covariates; the key covariates are listed in
Table 1. The primary record for each \case" includes:

1. Case identi�er and the recorded return time in days, measured from the day of dis-
charge from initial visit to the day of return to follow-up care. There are a total of
35,368 cases in the data base.

2. Hospital/station number, an integer label identifying the VA facility. There are a
total of 140 facilities with patients recorded in the M20 care area in this data base.

3. Age factor, classifying cases as in Age group 1 (age� 44years), 2 (45 �age� 64years),
and 3 (age� 65years).

4. DRG factor, classifying cases as in DRG (Diagnostic risk group) 1 � 4 (DRG labels
434, 435, 436 and 437).

5. Marital status, classifying cases as of Marital status 1 (married), 2 (SDW, separated
- widowed - divorced), and 3 (UN, unknown - never married).

6. Priority code status, based on a means test indicator that de�nes eligibility priority
codes for use of VA services, classifying cases as in Priority group 1 (AN), 2 (AS) and
3 (other).

7. Gender, classifying cases as 1 (male) and 2 (female).

8. Race or national origin, classifying cases as 1 (White), 2 (Black, not Hispanic), 3
(Hispanic) and 4 (other, including Asian, American Indian and unknown).

9. Diagnosis, classifying cases into one of 11 groups, labelled 1� 11 and associated with
the principal medical diagnosis of the case, as follows:

� 1: Chronic alcohol dependency

� 2: Other drug dependency

� 3: Acute alcohol dependency

� 4: Alcoholic psychoses

� 5: Opiate dependency and combinations

� 6: Drug psychoses

� 7: Alcohol abuse

� 8: Drug abuse

� 9: All non-mental health diagnoses

� 10: Other disorders
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� 11: Non-substance abuse psychoses

10. A few additional categorical covariates relating to socio-economic and military service
history of individuals, and region of country in which the facility is classi�ed.

Table 1 provides summary frequencies of individuals classi�ed according to a moving
\cut-o�" on the return time scale. Each row of the table is an estimate of a discretised
version of the marginal distribution function of return times in the speci�c covariate group
of that row. In addition, the total numbers of individuals in each sub-category are indicated
by the entries n: � in each row. The table includes such frequencies for 4 hospitals selected
from the full 140 (hospital numbering serves only to provide labels for hospitals).

Table 1 gives the 
avour of patterns of variability in the (discretised) marginal return
time distributions categorised by each level of several covariates. For example, in the full
data base some 14.67% of the total of 35,368 individuals had a return time of exactly 1
day, 38.03% returned within 7 days, 46.78% returned within 14 days, and so forth. The
return times are truncated at 367, with 28.71% of all individuals returning at a time greater
than 367 days; these are regarded as uninformatively censored cases that are essentially
non-returners. The table provides separate breakdowns of these cut-o� speci�c percentages
for each of the above categorical covariates, and for 4 selected hospitals. For example,
15.90% of all the 16,255 individuals in Age group 1 (less than 45 years of age) have return
times of exactly 1 day, compared to only 7.63% in Age group 3 (greater than 65 years of
age). Our formal con�rmatory analyses below are based on binomial regression models
whose outcomes are 1/0 according to whether or not an individual's return time is less
than/greater than a speci�ed threshold; the thresholds studied are the cut-o� values in
Table 1, and the regression models include the covariates listed in the table. As we mention
below, the remaining covariates in the data base have been explored too, and found to
be essentially uninformative about patterns of variation in return times in the context of
models that account for the listed covariates.

Several exploratory analyses of the return time data were undertaken at a �rst stage, to
generate familiarity with the large and complicated data set and to provide initial indications
of possibly relevant covariates. These analyses explored regressions of aggregated return
times on several of the covariates. These included models of natural logs of median of
groups of return times, where groups were de�ned by, for example, the covariates Hospital,
Age and DRG. These analyses served, in addition, to focus attention on the speci�c grouping
of data according to the covariates. Follow-on discussions with VA personnel used these
studies to re�ne the groupings and led to the speci�c levels of all covariates as described
and displayed in Table 1.

3 Discrete Duration Models

3.1 Model form and speci�cation

Consider an individual patient with return time T measured from the origin t = 0 of release
from �rst treatment visit. For any set of chosen covariates, represent by x the column
vector of values of the covariates for this individual. Since all of the candidate covariates
are categorical, x is a vector of binary dummy variables. We consider regression models that
describe a discretised representation of the underlying continuous return time distributions.
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Return time thresholds: t = 1 t � 7 t � 14 t � 21 t � 30 t � 367

All data (n: 35,368) 14.7 38.0 46.8 51.6 56.0 71.3

Hospital:

139(n: 314) 46.8 62.1 66.2 69.4 72.3 80.3
82(n: 400) 16.3 49.5 60.0 64.8 69.3 82.8
21(n: 373) 3.0 11.8 18.5 23.3 26.3 39.4
118(n: 271) 30.6 59.4 66.8 69.0 70.1 84.5

Age group:

�44 (n: 16,255) 15.9 40.1 48.5 52.9 57.3 71.9
45-64 (n: 16,963) 14.4 37.9 47.0 52.2 56.8 72.5
65+ (n: 2,150) 7.6 23.3 32.0 36.3 40.5 57.1

DRG:

434 (n: 7,404) 13.6 35.0 43.7 48.9 54.2 71.2
435 (n: 15,407) 16.5 38.0 45.9 50.4 54.8 70.5
436 (n: 9,422) 13.4 40.4 50.3 55.2 59.4 72.5
437 (n: 3,135) 12.3 38.3 48.1 52.6 56.6 71.9

Marital Status:

M (n: 7,463) 12.4 35.2 44.7 49.8 54.5 69.2
SDW (n: 20,527) 15.3 39.0 47.5 52.2 56.5 72.0
UN (n: 7,378) 15.2 38.2 46.9 51.6 56.2 71.5

Priority:

AN (n: 23,617) 15.5 38.5 46.9 51.4 55.6 69.9
AS (n: 10,078) 13.6 38.5 48.7 54.4 59.9 78.3
Other (n: 1,673) 9.9 28.4 34.2 37.1 39.2 48.2

Diagnosis:

1. (n: 17,787) 14.5 38.4 47.3 52.0 56.3 70.8
2. (n: 5,829) 17.0 42.0 51.0 55.8 60.1 74.4
3. (n: 2,937) 16.3 37.6 45.6 51.0 55.7 69.7
4. (n: 2,425) 12.4 33.0 40.6 45.2 48.9 64.3
5. (n: 2,309) 15.9 38.4 46.3 50.1 54.7 72.4
6. (n: 1,505) 10.7 33.9 44.5 50.4 54.8 75.0
7. (n: 1,112) 11.6 31.9 40.7 46.0 52.5 70.5
8. (n: 1,006) 14.6 39.2 47.2 51.9 57.4 77.3
9. (n: 194) 8.8 25.3 32.0 36.6 41.2 61.3
10. (n: 196) 9.7 33.2 45.4 52.6 60.7 80.1
11. (n: 68) 2.9 26.5 35.3 44.1 52.9 73.5

Gender:

Male (n: 34,566) 14.7 38.0 46.7 51.5 56.0 71.3
Female (n: 802) 13.2 39.3 48.0 53.2 58.9 71.3

Race:

White (n: 20,432) 14.2 37.3 46.1 51.1 55.6 70.6
Black (n: 12,095) 16.1 40.0 48.4 52.9 57.1 72.9
Hispanic (n: 1,662) 11.3 34.4 44.7 50.4 54.5 69.8
Other (n: 1,179) 13.3 36.1 44.5 49.1 53.9 68.7

Table 1: Cumulative empirical frequency distributions of return times at speci�c thresholds,
categorised by levels of several primary covariates
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Choose a speci�c time point t; and consider the event that T � t: For this individual, we
adopt a general logistic regression model for the return probability

p(t) = Pr(T � t) (1)

in which

logit(p(t)) = �0(t) + x0�(t) (2)

where

� logit(p) = log(p=(1 � p));

� �0(t) represents a baseline return probability at time t; and

� �(t) is a regression parameter column vector relative to the speci�ed covariate struc-
ture in x:

As we consider all possible covariates, we consider a range of possible elements of �(t):
By convention we take the base level of each categorical covariate as level 1, and set the
regression parameter to zero at the base level, treating the e�ects of the covariates as �xed
e�ects to be estimated. This applies to all covariates except Hospital, where we introduce
hospital speci�c random e�ects with a population prior distribution to be estimated. For
each hospital i we label the hospital e�ects �i(t) relative to this cut-o� time t: Then the
logit of the return probability at cut-o� time t for individuals in hospital i is �0(t) + �i(t)
for individuals who fall in the base level of all other covariates included in the model. At
other levels of covariates, we simply add the corresponding covariate e�ects. For example,
in the �nal model chosen for extensive analysis, we include all covariates in Table 1. Then
we have, in hospital i;

logit(p(t)) = �0(t) + �i(t) +

8>>>>>>>>>>><
>>>>>>>>>>>:

�d(t); for Age group d = 2; 3;


g(t); for DRG level g = 2; 3; 4;

�k(t); for Marital status group k = 2; 3;

�e(t); for Priority level e = 2; 3;

�x(t); for Diagnosis group x = 2; : : : ; 11;

�c(t); for Gender group c = 2 (women);

�z(t); for Racial group z = 2; 3; 4:

(3)

Hence the parameter vector is

�(t)0 = (�1(t); : : : ; �140(t); �2(t); �3(t); 
1(t); : : : ; �3(t); �4(t));

and the individual's x vector simply selects out the relevant e�ects parameters. This is a
\main e�ects only" model, their being no terms representing interactions between covariates.
There are substantive and empirical reasons for this, as we discuss below.

The notation makes explicit the fact that we allow for all e�ects to depend on the
speci�ed cut-o� time t: We study a set of independent analyses of models with cut-o�s
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t = 1; t = 7; t = 14; t = 21; t = 30 and t = 367: Our analyses are independent though, of
course, p(t) must, for any individual and any set of speci�ed covariates, be an increasing
function of time t: However, it su�ces to analyses models separately for each of these cut-o�s
to address the key questions of:

� The patterns of hospital speci�c random e�ects �i(t); compared across hospitals for a
given cut-o�, and across cut-o�s;

� The patterns of covariate (�xed) e�ects, and how such patterns may vary with cut-o�.

The model on the odds scale implies that, for any times t > s and for an individual
with regression vector x;

p(t)

1� p(t)
= �(t; s)

p(s)

1� p(s)

where
log(�(t; s)) = �0(t)� �0(s) + x0(�(t)� �(s)):

Here �(t; s) is the odds ratio, just the ratio of the odds on a return time no greater than t
to the odds on a return time no greater than s:

A very special case arises if all the covariate e�ects are constant, i.e., �(t) = � for all
t: It then follows that, for any times t > s; log(�(t; s)) = �0(t) � �0(s): Hence the odds
on the individual returning before time t is that of returning before time s < t adjusted
by the multiplicative factor �(t; s) and, in this special case, this factor does not depend on
the covariates. The odds ratio depends only on the di�erence between the baseline e�ects
�0(t)��0(s); and the model is then a discrete proportional odds model. The question as to
whether or not this is a sensible simpli�cation for the M20FY97 data is addressed below.

In all models, note that a positive value of a covariate e�ect corresponds, at the speci�ed
cut-o�, to increased return probabilities relative to the base level of that covariate. High
return probabilities, consistent with higher \quality" in the M20 care area, result from
larger, positive e�ects. Larger negative e�ects correspond to lower return probabilities,
hence to longer return times and lower quality of care. These correspondences should be
borne in mind in exploring and interpreting graphical and numerical summaries of model
analyses.

3.2 Screening covariates

Initial work involved exploratory Bayesian modelling as a screening analysis to identify
potentially relevant covariates from the set of ten key variables discussed above. This used
approximate Bayesian model selection methods, based on the use of approximate Bayes'
factor and corresponding model probabilities as discussed, for example, in Raftery (1995).
The study here used a slight modi�cation of code by Volinsky (1996).

Identify as a model any speci�ed regression model with a chosen set of covariates, and
suppose the set of such models is indexed by k = 1; : : : ;H: In our study, models di�er
in the speci�c covariates they select as \in" the model, and we label the models Mk for
k = 1; : : : ;H: As there are 10 possible covariates for inclusion, there are 210 = 1; 024 possible
models. Theoretically, assuming a uniform prior probability of 1=H on each possible model,
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Bayes' theorem implies that the posterior probability of model k by Bayes' theorem is

p(MkjD) =
p(DjMk)PH
i=1 p(DjMi)

(4)

where D is the observed data and p(DjMk) represents the marginal data density under
model Mk: A standard asymptotic approximation to these posterior probabilities provides
for simpli�ed computations that are useful in preliminary screening for covariates. This
approximation, based on the Laplace method for integrals that is a standard tool in Bayesian
asymptotics, delivers the standard Bayesian Information Criterion (BIC)-based posterior
probabilities

p(MkjD) �
exp

�
�1

2
BICk

�
PH

i=1 exp
�
�1

2
BICi

�

where the BIC measure for model k is BICk = Devk�dfklog(N); here Devk is the classical
deviance of model Mk, N is the total number of observations, and dfk is the degrees of
freedom associated with Mk (i.e., N minus the number of regression parameters in the
model). If H is large, the direct evaluation of the sum over all models is not feasible. In
our situation the number of possible models is equal to the number of subset of covariates,
this is 210 = 1; 024 models, and the computation is easily accessible.

The approximate posterior model probabilities were computed this way for all possible
combinations of covariates. This screening analysis assumed that the Hospital e�ects are
�xed e�ects, rather than random, to simplify the computations. Tables 2 and 3 provide
summaries of the results, identifying key covariates and giving summaries of the approximate
posterior probabilities and BIC measures for several of the most relevant models. We
performed the full screening analysis twice for each possible return time cut-o�: once using
only uncensored data (results in Table 2), and secondly using all the data (results in Table
3). The tables indicate, by the entries X in each column, which covariates are selected in
a set of chosen models and analyses, represented by the rows. For example, the �rst three
rows of Table 2 refer to the analyses of the uncensored data alone with models having return
time cut-o� t = 1: Three models are indicated there: the �rst has approximate posterior
probability of 96.5%, and is that model based on covariates Hospital, DRG, Age, Priority
and Diagnosis, but excluding covarites Marital Status, Gender and Race.

In the analyses based on all the data, relevant selected models include the covariates
Hospital, DRG, Age, Priority and Diagnosis, across all possible return time cut-o�s. In
analyses using only the uncensored data, the covariates Hospital, DRG and Diagnosis are
always selected, and Age and Priority generally are (they are excluded only in a few low
probability models). Gender and Marital Status are present in some models with low
posterior probability. The most important case for Gender is at return time cut-o� t � 30;
when there is a small but non-negligible posterior probability that this covariate be included.
Marital Status is included in some lower probability models in the analyses using all data,
but only at return time cut-o�s t = 1; 7:

Based on this exploratory screening analysis, we conclude that covariates Hospital,
DRG, Age, Priority and Diagnosis should be included in models for more formal study.
The Gender, Marital Status and Race factors seem to be only of very marginal relevance,
if they are at all relevant; however, we choose to include them in formal analysis as speci�c
interests exist in quantifying their e�ects, however small and subtle they may be.
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� � � � � 96.50 -124812.93
t = 1 � � � � 2.39 -124805.53

� � � � � � 1.11 -124804.01

t � 7 � � � � � 100.00 -119399.98

t � 14 � � � � � 100.00 -119985.11

� � � � � 94.86 -121003.07
t � 21 � � � � 2.78 -120996.02

� � � � 1.38 -120994.61
� � � � � � 0.98 -120993.93

� � � � 79.94 -122626.23
� � � � � 13.97 -122622.74

t � 30 � � � � � 4.53 -122620.49
� � � � � � 0.89 -122617.23
� � � � 0.68 -122616.68

Table 2: Selected covariates using BIC based on uncensored data
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� � � � � � 1.40 -158907.99

t � 14 � � � � � 100.00 -157769.12
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� � � � � � 0.91 -157527.40

t � 30 � � � � � 96.71 -157713.02
� � � � � � 3.29 -157706.26

t � 367 � � � � � 100.00 -160494.80

Table 3: Selected covariates using BIC based on all data
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Finally, we have explored posterior mean estimates and maximum likelihood estimates
of the primary Hospital e�ects across several analyses with the models selected as displayed
in the tables. It is of real note that, across various models with di�erent subsets of co-
variates, these point estimates of Hospital e�ects are very stable indeed, varying negligibly
with di�erent models. This is most reassuring, as it indicates that inferences about these
primary e�ects will be robust to the issue of whether or not to include marginally interesting
covariates, and also that unmodelled interaction e�ects are likely small and may be safely
ignored.

4 Formal Analysis of FY97 using Selected Model

4.1 Model Completion and Computation

As mentioned above, our analysis strategy involved �tting the full binomial logistic model of
equation (3) to the entire data set, and repeating the analysis in separate studies based on
cut-o�s at t = 1; 7; 14; 21; 30 and 367 respectively. This gives us good coverage of sections
of the return time axis, while also focusing explicitly on immediate returns (t = 1) and
censored/failed returns t > 367: We note the complete parallel with the prior studies of
West and Aguilar (1997), Aguilar and West (1998) and West, Aguilar and Lourdes (1998),
that involved similar models at the single cut-o� of t = 30 but using highly aggregated
data at the hospital level, i.e., not involving individual level covariates. The current models
may therefore be viewed as very substantial re�nements of that study, with signi�cant
complications technically, in terms of dealing with a large and complex data base, and
computationally. In addition, our current study expands the scope to several cut-o�s on
the return time scale, so providing access to information about hospital and covariate e�ects
at �ne levels of detail that may be relevant in assessment and interpretation in connection
with possible VA policy questions.

Each speci�c analysis involved completing the model speci�cation with prior distribu-
tions for covariate e�ects and hyperparameters, and then computation of posterior distri-
butions. Within each analysis, this has the following components:

� The hospital speci�c random e�ects are assumed drawn from a normal population
model

�i(t) � N(0; w(t)2)

where the cut-o� dependent standard deviation w(t) represents the dispersion in ef-
fects across the VA system.

� Very vague but proper priors are adopted for all �xed e�ects parameters, the e�ects
of all other covariates. Speci�cally, the elements of �(t) have independent, zero-mean
normal priors with variances of 1000, and the hospital precision parameter 1=w(t)2

has a gamma prior with shape and scale parameters both equal to 0.001.

� Posterior analysis uses Markov chain Monte Carlo methods to iteratively simulate
from the full joint posterior distribution of

f�i(t); i = 1; : : : ; 140; �(t); w(t)g;
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producing large Monte Carlo samples for summary inferences on all parameters and
e�ects.

In addition to exploring summaries for the basic parameters, we trivially compute similar
summaries for functions of the parameters, such as individual level return probabilities
p(t) from equations (1) and (3). The summary graphs display a range of such posterior
summaries, and are discussed in detail in the following subsections. We explain the structure
of the graphs in the context of summary inferences on the baseline parameters �0(t) in the
next subsection. First, however, we note that, in addition to analysing the model across
the speci�ed set of cut-o�s, all such analyses are performed twice:

� One set of analyses uses only individuals whose return times are less than 367 days,

� the second set of analyses uses all the data, including those censored at 368 days.

Our interest in performing these two sets of analyses is a response to the fact that a
large number of cases are censored at 367 days, and therefore we are concerned to explore
possible di�erences in summary inferences in analyses with and without the censored cases.
As it turns out, we do �nd some important di�erences, as we shall note below and that
require interpretation and investigation.

The summary graphs relevant to each of the covariates have essentially the same format.
For each covariate, we display posterior inferences for the e�ects parameters for each level
or group of the variable on both the logit and probability scales. Thus we display inferences
for the actual e�ects �i(t) for each of the 4 selected hospitals, and later for all 140 hospitals,
for the Age covariate e�ects �2(t) and �2(t); for the Diagnosis e�ects �2(t); : : : ; �11(t); and
similarly for the other covariates. The displays present approximate posterior 95% intervals
for each of the parameters, with posterior medians and quartiles indicated. The intervals
are all presented as vertical lines in frames designed so that it is straightforward to make
comparisons across levels of the covariates. In addition, each frame displays these intervals
from each of the independent analyses corresponding to di�erent cut-o�s t; and with each
of these cut-o� speci�c analyses performed separately for the data with and without the
censored cases. We distinguish the analyses of the two data sets using green colouring
for intervals based on the full data set. Further, inferences for each covariate includes
separate displays of similar inferences mapped to the implied di�erences on a probability
scale. At the base level of all covariates, the baseline return probability at cut-o� t is
simply p0(t) = 1=(1 + exp(��0(t)); moving to level j of any one of the covariates shifts
this to pj(t) = 1=(1 + exp(��0(t) � �j(t))) where �j(t) represents the corresponding e�ect
for that level of the chosen covariate (e.g., �j(t) = �j(t) for Age group j; �j(t) = �j(t)
for Diagnosis group j; and so forth.) The second set of graphs provide posterior median
and interval estimates of the implied di�erences in return probabilities relative to baseline,
namely pj(t)� p0(t) for each level j of each of the covariates, for each of the chosen cut-o�s
t; and from analysis of both the full and censored data sets.

4.2 Baseline duration model parameters

Refer to Figure 1 and consider �rst the posterior intervals displayed in black. In the
upper frame, these are intervals for �0(t) in each of the �ve independent analyses with
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t = 1; 7; 14; 21 and 30, and in the restricted data set ignoring the censored return times
(greater than 367). The X symbols indicate posterior medians. The lower frame displays
the corresponding intervals, again with medians marked, for the baseline return probabilities
p0(t) = 1=(1 + exp(��0(t)), i.e., 5 points on the cumulative distribution function for return
times, with the interpretation as that of return times at an \average" hospital (�i = 0) and
for individuals in the base levels of all other covariates. Reading o� approximate values
here indicates about an 15-19% probability of return in exactly 1 day, about a 50-57%
probability of return within 7 days, about a 63-68% probability of return within 14 days,
about a 72-76% probability of return within 21 days, and about a 79-82% probability of
return within 30 days.

(As an aside, note that p0(t) must increase as a function of t and the graph indicates
that, although the analyses were not linked to enforce monotonicity.)

Now consider the second set of intervals in each frame, those coloured green. These
present the same inferences for �0(t) and p0(t) values, but now based on the second set of
analyses using all the data, so including the additional cases censored at t = 367: Notice that,
as should be expected, the intervals and medians for p0(t) in this case indicate values close
to the raw frequencies in the �rst row of Table 1. Otherwise, the main question is how these
result compare with those based on the restricted data set. It is clear and obviously expected
that the intervals support rather lower values, i.e., lower baseline \quality" levels, when the
study includes the censored cases { meaningful numbers of individuals are censored.

4.3 Random e�ects for four selected hospitals

Refer to Figure 2 where similar intervals and estimates of the random e�ects for the 4
selected hospitals are displayed. The colour coding again di�erentiates between the two
analyses (with and without censored cases), and the intervals in the upper frame are those
for the �i(t) parameters directly. The lower frame displays similar intervals and estimates for
the implied di�erences in return time probabilities relative to baseline. i.e., for pi(t)� p0(t)
where pi(t) = 1=(1 + exp(��0(t)� �i(t))) for each i and t:

Some points to note here are as follows:

� There are general di�erences between hospitals and the di�erences are consistent
across analyses. These speci�c hospitals would be ranked (from low quality to higher
quality) as 21, 82, f139, 118g: Of these, 21 is clearly below average, with e�ects
�i(t) clearly negative.

� The nature and magnitude of the implied di�erences on the probability scale are clear
from the lower graph in the �gure.

� There is very clear evidence that the e�ects represent non-proportional odds structure
in the return time regression model for at least one of the hospitals. Consider hospital
139, and note that the clear di�erences in inferences for this hospital's e�ect �i(1)
compared to the others f�i(7); : : : ; �i(30)g: The parameter �i(1) is obviously higher
than the rest, indicating that the probability of return in exactly one day for this
hospital is increased by more, relative to the average, than is the probability of return
at later days. For the remaining cut-o�s at this hospital, the intervals overlap so
the di�erences are unclear; the decreasing pattern of the posterior medians as we
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move through t = 7; 14; :: is suggestive, however, and would imply that the increased
quality, in terms of increased probability of a return, exhibits a diminishing e�ect at
later times. The same may be said for hospital 118.

� For hospitals 82 and 21, the intervals are suggestive of a constant e�ect across
cut-o�s, i.e., �i(t) � �i for these hospitals.

� The results are consistent between the two data sets (with and without censored cases)
for all but hospital 21. Here the e�ects are apparently lower in the analysis of the full
data set, consistent with the raw frequencies that indicate over 60% censored cases at
this facility.

Figure 3 provides posterior intervals and medians for the population standard deviation
w(t) in each of the analyses. The major point to note here is the apparent decreasing
pattern as we move through increasing values of the cut-o� t: This is particularly signi�cant
in moving from t = 1 onward. This implies that variability in the distribution of hospital
speci�c e�ects is signi�cantly more marked at t = 1 than at later times, and tends to
decrease with increasing t. This implies, and is implied by, variations in at least some of
the �i(t) over time, as just exempli�ed. It is also consistent with features evident in the
table of frequencies: the di�erences in raw frequencies across the 4 selected hospitals are
less marked at higher cut-o�s.

4.4 Age covariate

Refer to Figure 4 for intervals and estimates of the �xed e�ects �j(t) for the Age covariate
at levels j = 2 (45-64) and j = 3 (65 or over). Recall that these are referenced to the
e�ect of 0 for Age group 1 (less than 45). The lower frame displays similar intervals and
estimates for the implied di�erences in return time probabilities relative to baseline. i.e.,
for pj(t)� p0(t) where pj(t) = 1=(1 + exp(��0(t)� �j(t))) for each j and t:

We note the following:

� We see some evidence of non-proportional odds behaviour, with group 2 e�ects being
less than zero for thresholds t = 1; 7 and 14; but not obviously di�erent from 0 for
higher values of t: This corresponds to initially decreased quality, in terms of lower
return probabilities, at early times for Age group 2 relative to the younger group, but
that these di�erences disappear after 3 weeks.

� The older individuals have uniformly lower probabilities of return at all stages, and
the e�ect seems to be roughly constant with respect to cut-o�.

� The results are consistent between the two data sets (with and without censored
cases) in Age group 2, but clearly not in Age group 3. In this older category, the
e�ects are apparently lower in the analysis of the full data set, consistent with the
raw frequencies that indicate larger numbers of older individuals as non-returners.

4.5 DRG covariate

Refer to Figure 5 for intervals and estimates of the �xed e�ects 
j(t) for the DRG categories
j = 2 (DRG 435), j = 3 (DRG 436) and j = 4 (DRG 437), relative to the e�ect of 0 at
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level j = 1 (DRG=434). The lower frame displays similar intervals and estimates for the
implied di�erences in return time probabilities relative to baseline. i.e., for pj(t) � p0(t)
where pj(t) = 1=(1 + exp(��0(t)� 
j(t))) for each j and t:

We note the following:

� We note a decreasing trend with t in the posterior median in DRG 435. Though there
is considerable uncertainty, this is suggestive of a non-proportional odds e�ect and
would imply a persistent decrease in return probability with threshold at later times.

� In DRG 436 and 437, there are clear di�erences between estimated e�ects for t = 1
relative to later cut-o�s. These DRG categories have generally higher return prob-
abilities than the rest, with the very signi�cant exception of the immediate returns,
t = 1: At t = 1; the return probabilities in these two groups are essentially consistent
with the base level DRG 434. By comparison, DRG 435 is clearly above the base level
at t = 1:

4.6 Marital status covariate

Refer to Figure 6 for intervals and estimates of the �xed e�ects �j(t) for the Marital Status
categories j = 2 (SDW) and j = 3 (UN) relative to the e�ect of 0 at level j = 1 (M). The
lower frame displays similar intervals and estimates for the implied di�erences in return time
probabilities relative to baseline. i.e., for pj(t) � p0(t) where pj(t) = 1=(1 + exp(��0(t) �
�j(t))) for each j and t: We note the following:

� There are no major di�erences between the groups j = 2; 3; except perhaps at the
early return times t = 1; 7: The overall e�ects are small in terms of their impact on
return probabilities.

� There is some evidence of increased probabilities of return immediately, t = 1; in
both groups 2 and 3 relative to that among Married individuals, and perhaps a minor
increase up to t = 7 among Separated - Divorced - Widowed individuals.

4.7 Priority covariate

Refer to Figure 7 for intervals and estimates of the �xed e�ects �j(t) for the Priority
categories j = 2 (AS) and j = 3 (other) relative to the e�ect of 0 at level j = 1 (AN). The
lower frame displays similar intervals and estimates for the implied di�erences in return time
probabilities relative to baseline. i.e., for pj(t) � p0(t) where pj(t) = 1=(1 + exp(��0(t) �
�j(t))) for each j and t: We note the following:

� In analysis of the data excluding the censored cases, Priority group AS has consistently
lower return probabilities than the rest, and the \other" group is consistently higher
except at t = 1: The estimated e�ects generally appear constant, consistent with a
proportional odds structure, with that one exception.

� In analysis of the data including the censored cases, conclusions are quite di�erent.
Priority group AS evidences increasing return probabilities that are higher than aver-
age apart from at t = 1: The \other" group has dramatically lower return probabilities,
and they appear to decrease at higher return times.
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4.8 Diagnosis covariate

Refer to Figure 8 for intervals and estimates of the �xed e�ects �j(t) for Diagnosis categories
j = 2; : : : ; 11 relative to the e�ect of 0 at level j = 1: The lower frame displays similar
intervals and estimates for the implied di�erences in return time probabilities relative to
baseline. i.e., for pj(t) � p0(t) where pj(t) = 1=(1 + exp(��0(t) � �j(t))) for each j and t:
For clarity, the graphs in Figure 9 redisplay the e�ects separately for the analyses of the
two data sets (with and without censoring), and on a di�erent scale. We note the following:

� There is much higher uncertainty about the Diagnosis e�ects at the higher levels
j = 9; 10 and 11 than the rest, due to smaller sample sizes in these groups (see Table
1).

� There is some evidence of non-proportional odds behaviour in several of the Diagnosis
categories, though this is not obviously highly signi�cant nor uniform across categories.

� The categories with higher labels (j = 5; 6; : : : ); tend to generally negative e�ects and
return probabilities lower than the earlier categories.

4.9 Gender covariate

Refer to Figure 10 for intervals and estimates of the �xed e�ects �2(t) for the Gender cat-
egory j = 2 (female) relative to the e�ect of 0 at level j = 1 (male). The lower frame
displays similar intervals and estimates for the implied di�erences in return time probabil-
ities of women versus men, i.e., for p2(t)� p0(t) where p2(t) = 1=(1 + exp(��0(t)� �2(t)))
for each t: We note the following:

� There is a suspicion of a generally increased e�ect with longer return times, consistent
with small increases in return probabilities for women relative to men at later times.
The e�ects are rather uncertain, however, as re
ected by the intervals displayed. Only
at t = 30 in the analysis excluding censored data is the e�ect really signi�cant.

� At t = 1 the e�ect �2(1) is rather uncertain, though the posteriors do give more
weight to negative values, which would indicate a small decrease in the probability of
an immediate return for women relative to men.

4.10 Race covariate

Refer to Figure 11 for intervals and estimates of the �xed e�ects �j(t) for the Race categories
j = 2 (Black), j = 3 (Hispanic) and j = 4 (Asian, American Indian and others) relative
to the e�ect of 0 at level j = 1 (White). The lower frame displays similar intervals and
estimates for the implied di�erences in return time probabilities relative to baseline. i.e.,
for pj(t) � p0(t) where pj(t) = 1=(1 + exp(��0(t) � �j(t))) for each j and t: We note the
following:

� Consider �rst the analysis of the data excluding censored cases (black intervals). None
of the e�ects are really signi�cant. There is a suggestion of lower return probabilities
in the \Other" category, but with very high uncertainty. There is no evidence at all for
a di�erence with respect to White in the Hispanic category. The e�ects in the \Black"



4 FORMAL ANALYSIS OF FY97 USING SELECTED MODEL 15

category, while not really signi�cant, do evidence a monotonic decreasing pattern in
the posterior medians that is at least suggestive of a small but persistent decrease in
return probabilities, relative to Whites, at later return times. The median estimates
alone are consistent with slightly higher return probabilities for Blacks relative to
Whites at the early return times up to 7 days, though the magnitude of the di�erence
is practically insigni�cant.

� In the analysis of all the data, including censored times, the e�ects for Blacks are
inferred as more consistent across cut-o�s, and the suggestion is that of very small
positive values { consistent with very slightly higher return probabilities than Whites
{ though with a fair degree of uncertainty. The e�ects for Hispanics remain essentially
the same as for Whites. The e�ects in the Other group are, however, relatively lower,
consistent with larger numbers of non-returners in this group, and the e�ects here do
appear generally signi�cant.

4.11 Exploring all Hospital E�ects

Some �nal graphs display approximate 95% intervals, with medians marked, for the Hospital
speci�c random e�ects �i(t) in all analyses of the uncensored data. This is mainly to indicate
the kinds of additional inferential summaries that may be drawn from the work, and parallels
similar displays in earlier related studies (West and Aguilar 1997), Aguilar and West 1998,
and West, Aguilar and Lourdes 1998). However, the graphs also serve to reinforce the
conclusion that some or many of the hospital e�ects are indeed di�erent at di�erent return
time cut-o�s t; consistent with a general non-proportional odds structure. The relevant
graphs are Figures 12 to 16 inclusive, running through 5 analyses with return time cut-o�s
t = 1; 7; 14; 21 and 30. The hospitals have a common ordering across �gures, chosen simply
as the order of the posterior medians on the e�ects in the analysis with t = 1; i.e., that of
Figure 12. As we move through analyses with higher cut-o�s, the appearance is no longer
monotonic, indicating that the relative quality levels of hospitals is indeed quite variable
with cut-o�. Indications of uncertainty are also clear in these graphs, highlighting hospitals
with smaller samples sizes that lead to wider intervals.

4.12 VA Regions

The 140 hospitals studies here are clustered into 22 geographical/administrative VISN re-
gions (Veterans Integrated Service Network). To provide an initial graphical examination
of possible patterns of variation in the hospital speci�c e�ects by VISN region, Figures
17 and 18 display the posterior medians of each of the �i(t) by region. As with all other
graphs, we present these results from the independent analyses with the various return
time cut-o�s, and separately in the two cases based on uncensored data and then all data.
Each region has a small number of hospitals, and the corresponding median estimates of
region-speci�c �i(t) are dot-plotted above region indicator, with a zero line indicated. The
regions are ordered by the median of estimates within region based on the analysis with
return time cut-o� t = 1 and using only the uncensored data. This gives a useful graphical
view of structure within region, though we note that the posterior uncertainty about the
�i(t) is not re
ected here. There is little structure here; most regions have hospital e�ects
scattered about the zero line, suggestive of no appreciable region-speci�c e�ects. We do see
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that the two extreme regions tend to have all estimated e�ects above or below zero (i.e.,
above or below average return probabilities), but again this does not account for the esti-
mation uncertainty about the �i(t); so the signi�cance is unclear. To more formally assess
the e�ects of this uncertainty, we may compute, for each region, the posterior probability
that the hospitals within that region all have �i(t) > 0: This is an easy calculation in our
simulation-based analysis, and leads to the conclusion that for none of the regions is this
posterior probability greater than 0.5; most are much smaller. This supports the conclusion
that there is no serious pattern of low/high return times within speci�c regions.

5 Multi-Year Models: Discussion and Model Form

5.1 Scope and Data Structure

We now develop the analysis to encompass multiple years of return time data, taking into
account dependencies between hospital-speci�c e�ects from year-to-year. Here we build on
our previous work with aggregate data (West and Aguilar 1997, Aguilar and West 1998,
West, Aguilar and Lourdes 1998) and develop simple time series model components that
relate the hospital-speci�c e�ects between years, while maintaining the same natural random
e�ects/hierarchical model with years. We introduce slightly di�erent time series structures,
however, in order to adequately capture aspects of heterogeneity across the hospital system.

We study the full 10 years of return time data, 1988-1997 inclusive. Note that the prior
works referenced above have similar objectives but analyse only very highly aggregated
data, namely the total numbers of patients with return times at speci�c cut-o�s; they do
not consider covariates other than hospital. The current study is therefore a re�nement of
these previous works, aiming to assess similar issues but now using data at the patient level.

The model adopted is again a logistic regression with outcomes classi�ed by return times
below or exceeding a speci�ed cut-o�. The data analysis reported below is that based on
the return time cut-o� t = 30, all data. Before describing the model extensions, we note
some data and covariate selection issues.

First, the multi-year models are applied to a total of 136 hospitals, compared to the 140
used in the FY1997 analysis, to include only hospitals in which there are patients in the M20
area each year. Second, we make some minor revisions to the selection and speci�cation
of categorical covariates, based on the results of the FY1997 analysis above and following
further discussions with VA personnel. Speci�cally, the model adopts the following changes
to covariate speci�cations:

1. Hospital/station, a total of 136 facilities with patients recorded in the M20 area.

2. Age factor, re�ned to classify cases into just two groups: Age groups 1 (age� 64years)
and 2 (age� 65years).

3. DRG factor with 4 levels, unchanged.

4. Priority code status with 3 groups, unchanged.

5. Gender, 1 (male) and 2 (female), unchanged.

6. Diagnosis, re�ned to classify cases into one of just 3 groups:
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� 1: a Dependence group that combines the original groups 1,2,3 and 5;

� 2: a Psychoses group that combines the original groups 4,6,9,10 and 11; and

� 3: an Abuse group that combines the original groups 7 and 8.

7. Marital status and Racial groups are not now used.

We �nally note some summary sample sizes and indications of the scale of the data
analysis undertaken with the full 10 years of data. The original VA data �les comprise
about 40MB of recorded data. Following very extensive data exploration and reorganisation
(in both SAS and S-Plus), the data is reduced in the context of the covariates indicated
above to a total of 463,015 individual releases in this care area across the hospital system
in the 10 years, with annual numbers as follows:

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
52,837 51,451 48,514 46,163 47,054 45,175 47,325 46,438 43,062 34,996

With our chosen categorical covariate structure, we have a total of 19,584 cells in the cross-
classi�cation (Hospital�Age�DRG�Priority�Diagnosis�Gender). Of these, there are a
total of 7,848 cells that are non-empty for at least one year, so reducing the problem to a
more manageable e�ective sample size of 7,848 conditionally binomial responses per year.
The regression model now described applies to structure the binomial probabilities for these
responses.

5.2 Regression Model

We adapt the basic logistic regression model of equations (2) and (3) to multiple consecutive
years labelled r = 1; : : : ; 10; as follows. As noted above, we focus here on a speci�c, chosen
return time cut-o� t; and from here on drop the explicit indication of cut-o� in the notation
for all model parameters. We do this simply for notational clarity, and it should be borne
in mind that all parameters are cut-o� speci�c.

In each year r; an individual treated in hospital i has return time less than the speci�ed
cut-o� t (in days) with logit probability

logit(pr) = �0;r + �i;r +

8>>>>>><
>>>>>>:

�d;r; for Age group d = 2;


g;r; for DRG level g = 2; 3; 4;

�e;r; for Priority level e = 2; 3;

�x;r; for Diagnosis group x = 2; 3;

�c;r; for Gender group c = 2 (women);

(5)

where, as usual, covariate parameters in the �rst group/level of the corresponding factor
are constrained to be zero, i.e., �1;r = 
1;r = �1;r = �1;r = �1;r = 0:

Note that all parameters are indexed by r; the year in question. Hence the model so far
is just 10 copies of the earlier model, one for each year, with the slightly modi�ed covariate
speci�cations. We note and stress that our models do not relate the population parameters
�0;r over the years, so these baseline quality levels are unconstrained in how they vary
between years. This neutral standpoint is adopted in order to \let the data speak" about
any patterns of variation, or lack thereof, in the baselines. We adopt the same attitude to
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the e�ects parameters for all covariates with the exception of the Hospital e�ects, similarly
viewing the covariate e�ects as nuisance parameters to be estimated but not anticipating
systematic structure in the e�ects over time.

5.3 Model Structure for Random E�ects

The model extensions developed relate to the hospital-speci�c e�ects �i;r across years, in
a way similar to our prior work with aggregated data (West and Aguilar 1997, Aguilar
and West 1998, West, Aguilar and Lourdes 1998). The speci�c structure adopted involves
simple time series models to incorporate the view that the �i;r are expected to remain
relatively stable within each hospital from year to year, while allowing for unexplained
sources of variability at the hospital level that may induce random changes. Each �i;r term
is modelled as a simple AR(1) time series over the years, and we �nd that this structure
captures much of the random-e�ects variability across hospitals within each year as well as
the systematic dependencies within hospitals from year-to-year. Inference on the correlation
between years leads, as we shall see, to generally high degrees of correlation between years,
as might be expected.

The dependence model allows for both between-year correlations and within year vari-
ability to be hospital-speci�c. For hospital i; we take the standard AR(1) model

�i;r = �i�i;r�1 + !i;r (6)

for years r = 2; : : : ; 10; where �i is the correlation parameter (in (�1; 1)) and the !i;r are
independent innovations distributed as

!i;r � N(!i;rj0; u
2

i ) (7)

for some innovations variance u2i : The AR(1) model is such that, for all r and including
the �rst year r = 1; the implied marginal distribution of hospital e�ects within the year is
simply

�i;r � N(�i;rj0; w
2

i ) (8)

with marginal variance w2

i = u2i =(1 � �2i ):
This dependence structure parallels that in our prior work, referenced above, though

with the extensions noted above: the parameters (�i; ui) are hospital speci�c, so allowing
for variations in both systematic dependency and overall levels of variation in the �i;r across
hospitals. Our prior work had assumed common parameters across hospitals. We comment
further on this assumption in summarising the data analyses. First, however, we describe
the Bayesian hierarchical model for the (�i; ui) across hospitals i that completes the full
model structure.

We assign an hierarchical model structure to the hospital-speci�c parameters (�i; ui):
Assuming these to be exchangeable parameters drawn from a hospital-population prior
delivers a class of Bayesian hierarchical models: modelling the (�i; ui) as a random sample
from a population prior implies that the resulting random e�ects �i;r follow a common
marginal distribution within each year. It is important to maintain this view of hospitals
as being exchangeable once we have corrected for covariates while providing 
exibility to
assess di�ering degrees of dependency in random e�ects (through the randomly di�ering �i)
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and levels of contribution of the systematic component of variation (through the randomly
di�ering ui) across hospitals. The speci�c prior models we adopt have the following form.
First, across hospitals i; �i and ui are independent. Second, the population of dependence
parameters appears as a random sample from a beta distribution,

�i � Be(�ija�; a(1� �)) (9)

where the underlying average dependence level is represented by the hyperparameter �;
and variations among the �i are determined by the precision hyperparameter a: These two
hyperparameters are to be estimated, along with the �i themselves. Third, the popula-
tion of dispersion parameters u2i is modelled as a random sample from an inverse gamma
distribution, with

u�2i � Ga(u�2i jc; c�) (10)

where the hyperparameter � represents an underlying average dispersion level, and varia-
tions among the ui are determined by the precision hyperparameter c: These two hyperpa-
rameters are to be estimated, along with the ui themselves.

This completes the model description. Before proceeding to data analyses, we comment
on a further model extension that has been explored and then discarded. In our prior
work (West and Aguilar 1997, Aguilar and West 1998, West, Aguilar and Lourdes 1998) we
studied overall numbers of patients returning/non-returning within each hospital/year, with
no accounting at all for individual-level covariates. In modelling hospital random e�ects
in logistic regressions for that aggregated data, we found that the AR(1) structure did not
fully account for the levels of overall (extra-binomial) variation apparent in the data. We
appropriately catered for this by elaborating the model to include additional, residual or
\idiosyncratic" random e�ects within each hospital and year. In the notation here, that
would involve replacing the �i;r terms with a sum of two terms, say �i;r+ �i;r; where the �i;r
follow our AR(1) models and the new, residual terms are simply noise, �i;r � N(�i;rj0; v

2)
independently. We have indeed explored this model extension in the current study. The
conclusions are that v and the �i;r are quite small, and essentially negligible compared to
the levels of variation in the �i;r: As a result, we cut-back from this more general model to
that detailed above. One very positive point to note is that this rejection of the extended
model found necessary for the aggregated data can be taken as an indication that we have
indeed adequately explained most of the additional variability observed in the aggregate
level study through the use of the several categorical covariates at this individual level.

6 Multi-Year Models: Analysis of M20FY1988-1997

6.1 Implementation

Posterior analysis uses Markov chain Monte Carlo methods to iteratively simulate from the
full joint posterior distribution of all model e�ects and hyperparameters. This extends the
previous, single-year analysis to the full 10 years, so that we obtain posterior inferences
about the baseline parameters �0;r and the parameters representing the e�ects of all covari-
ates speci�c to each year r = 1; : : : ; 10: In addition, the analysis produces posterior samples
for the hospital-speci�c random e�ects �i;r: The posterior analysis also now includes the
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set of new parameters f�i; ui : i = 1; : : : ; 136g and the corresponding hyperparameters
(a; �; c; �): All graphical summaries discussed below are based on a large Monte Carlo sam-
ple from the full posterior for all these quantities. These graphs are presented in formats
analogous to those of the above single-year study, though now extended over the full 10
years of data. We report the analysis of the full data set including the censored cases (re-
turn times exceeding one year), and, as mentioned earlier, at the chosen return time cut-o�
of t = 30 days.

We now brie
y review analysis results as summarised in the accompanying graphs. We
note that the results for parameters in 1997 alone are completely consistent and in agreement
with the analysis of that year alone, reported above, as is to be expected.

6.2 Baseline duration model parameters

Refer to Figure 19 for the posterior intervals and estimates for the baseline parameters �0;r
in each of the 10 years r = 1; : : : ; 10: In the upper frame, these are intervals for �0;r, the
general increasing trend with years is apparent, and the lack of overlap of intervals in the
last couple of years indicate signi�cant changes. The lower frame displays the corresponding
intervals for the baseline return probabilities p0;r = 1=(1 + exp(��0;r)). This plot indicates
an increase in the probability of return within 30 days at an \average" hospital from around
35% in 1990 to nearly 55% in 1997.

From the raw data sets, the crude aggregate proportions of returners in each year { in
terms of percent returning within 30 days { are as follows:

Year: 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Percent: 42.0 40.5 41.9 46.1 48.3 48.2 49.5 51.6 52.2 55.9

The graphs also displays these observed values (logistic transforms in the upper frame) as
points next to the corresponding interval estimates.

The pattern over the years should and does generally agree with that of the inferred
baseline parameters. (The fact that these data summaries generally exceed the baseline
parameters is simply a result of the fact that the majority of the observations lie in covariate
groups with generally positive e�ects; a key covariate is DRG, for which most of the e�ects
are positive { and in higher DRG levels large and positive { across the years, as illustrated
below. Almost 80% of the data lies in these three higher DRG levels.)

This pattern of change over the years re
ects hospital system-wide e�ects on 30-day
return time probabilities. The e�ects of system-wide policy changes and common man-
agement practices presumably underlie some of the changes and apparent improvements in
30-day returns.

6.3 Random e�ects for selected hospitals

Refer to Figures 20 and 21 for the posterior intervals and estimates of the random e�ects
�i;r for 5 selected hospitals; these are the 4 hospitals selected in the FY1997 analysis above,
plus a �fth, hospital number #140. The �ve lower frames in Figure 20 displays intervals
and estimates for the implied di�erences in return time probabilities relative to baseline,
i.e, for pi;r � p0;r where pi;r = 1=(1 + exp(��0;r � �i;r)) for each hospital i and year r.

These hospital e�ects display diverse patterns over the years. Hosptials 139 and 82 have
apparently positive e�ects across all 10 years, consistent with higher return probabilities
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than the norm. Hospital 21 is well below the norm consistently across the years, with no
evidence of improvement in recent years. Hospital 118 has tended to vary mildly about the
system-wide norm, but has seen a marked increase in return probability in 1997 implied
by the large and positive e�ect in that year. The additional hospital, number 140, has
experienced return probabilities much lower than the norm during the �rst nine years, but
has seen a very marked increase also in 1997, with a magnitude of improvement that exceeds
that of 118. Changes in the di�erence in return probabilities relative to baseline from 1996
to 1997 are from about +2% to +13% for hospital 118, and from about -14% to +24% for
hospital 140.

6.4 Age covariate

Refer to Figure 22 for intervals and estimates of the �xed e�ects �2;r for the Age covariate
at level j = 2 (65 or over). The lower frame displays similar intervals and estimates for the
implied di�erences in return time probabilities relative to baseline. i.e., for p2;r�p0;r where
p2;r = 1=(1 + exp(��0;r � �2;r)) for each r.

Within each year, the e�ect is clearly negative consistent with generally lower 30-day
return probabilities for patients over 65 years of age. Further, the graphs show a mild though
signi�cant decreasing pattern over the 10 year period, consistent with a deterioration in 30-
day returns in the older Age group.

6.5 DRG covariate

Refer to Figures 23 and 24 for intervals and estimates of the �xed e�ects 
j;r for the DRG
categories j = 2 (DRG 435), j = 3 (DRG 436) and j = 4 (DRG 437), relative to the e�ect of
0 at level j = 1 (DRG=434). The three lower frames in Figure 23 displays similar intervals
and estimates for the implied di�erences in return time probabilities relative to baseline.
i.e., for pj;r � p0;r where pj;r = 1=(1 + exp(��0;r � 
j;r)) for each j and r.

Figure 23 clearly indicates meaningful year-to-year variations in the DRG e�ects within
each DRG category, and an apparently persistent deterioration in return probabilities in
DRG groups 436 and 437 over 1994-1997. Figure 24 provides a picture of the relative levels
across DRG categories over the years.

6.6 Priority covariate

Refer to Figures 25 and 26 for intervals and estimates of the �xed e�ects �j;r for the
Priority categories j = 2 (AS) and j = 3 (other) relative to the e�ect of 0 at level j = 1
(AN). The two lower frames in Figure 25 displays similar intervals and estimates for the
implied di�erences in return time probabilities relative to baseline. i.e., for pj;r� p0;r where
pj;r = 1=(1 + exp(��0;r � �j;r)) for each j and r.

Figure 25 shows that the e�ects in Priority group AN are accurately estimated, very
stable and positive over the years, indicating a signi�cant and sustained relative level of
30-day return probability. By contrast, the e�ect in Priority group \others" is quite vari-
able and generally negative; there is an indication of improvement in later years following
deterioration during 1989-92/3, but a sharp drop-o� in 1997.
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6.7 Diagnosis covariate

Refer to Figures 27 and 28 for intervals and estimates of the �xed e�ects �j;r for Diagnosis
categories j = 2 (psychoses) and j = 3 (Abuse) relative to j = 1 (Dependence). The two
lower frames in Figure 27 displays similar intervals and estimates for the implied di�erences
in return time probabilities relative to baseline. i.e., for pj;r � p0;r where pj;r = 1=(1 +
exp(��0;r � �j;r)) for each j and r.

The e�ect in the Psychoses group is generally negative and consistent with lower return
probabilities than in either the Dependence or Abuse groups.

6.8 Gender covariate

Refer to Figure 29 for intervals and estimates of the �xed e�ects �2;r for the Gender category
j = 2 (female) relative to the e�ect of 0 at level j = 1 (male). The lower frame in
Figure 29 displays similar intervals and estimates for the implied di�erences in return time
probabilities of women versus men, i.e., for p2;r�p0;r where p2;r = 1=(1+exp(��0;r��2;r))
for each r.

Over the full 10 year span of the data, the e�ect is positive, consistent with generally
higher 30-day return probabilities among women than men. The levels are somewhat lower
during the later years, however.

6.9 Dependence parameters �i and associated hyperparameters

We now turn to posterior inferences on the parameters of the hierarchical time series model
for the hospital e�ects, beginning with the dependence parameters. First we mention the
hyperparameters (a; �) in the hospital population model for the �i: Parameter � represents
a system-wide average value for year-to-year correlations between hospital e�ects within
hospitals. The approximate posterior median and end-points of a 95% interval for � are
0.82-0.85-0.88, indicating high correlation structure generally across hospitals. Parameter
a measures the dispersion of the actual, hospital-speci�c �i values about �: A high value
indicates the �i are very tightly distributed around �; lower values indicate more variability.
The approximate posterior median and end-points of a 95% interval for a are 6.67-10.62-
16.68; this range of fairly high values indicates that there is actually rather little variability
in the �i parameters across hospitals. This is con�rmed in Figure 30 where we display
posterior estimates and intervals for the �i for all 136 hospitals. We present the hospitals
ordered according to increasing values of the posterior medians of the �i:

The concordance illustrated here suggests that we could cut-back to a simpler model in
which the �i taken the common value �: We have reanalysed the data with such a model
and �nd that the inferences on all model parameters and e�ects as summarised in the
displayed graph here are basically unchanged, as should be expected. Exploring the more
general hierarchical model for the �i has con�rmed the consistency across hospitals in the
dependence structure between years.

6.10 Variability parameters wi and associated hyperparameters

We discuss similar issues related to the variability parameters of the hierarchical time series
model for the hospital e�ects. First we mention the hyperparameters (c; �) in the hospital
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population model for the hospital-speci�c innovation variances u2i : Parameter � represents a
system-wide average value for innovation variance, though is not of primary interest; for the
record, the approximate posterior median and end-points of a 95% interval for � are 0.04-
0.05-0.06. Parameter c measures the dispersion of the actual, hospital-speci�c innovation
variances u2i values about �: A high value of c would indicate that the u2i take similar
values, whereas lower values of c indicate more variation in the u2i across hospitals. The
approximate posterior median and end-points of a 95% interval for c are 2.06-3.07-4.73;
this range of rather low values indicates that there is a fair degree of heterogeneity in the
actual set of 136 u2i quantities across hospitals. This is con�rmed in Figure 31. Rather
than displaying posterior summaries for the u2i themselves, we prefer to focus on the more
naturally interpretable variances w2

i = u2i =(1��2i ): Parameter wi is the standard deviation
of the marginal distribution of �i;r in any year r; so directly relates to how variable the
hospital i e�ects are likely to be. Figure 31 displays posterior estimates and intervals for
the standard deviations wi; with hospitals in the order chosen for Figure 30. We see some
variation in both estimates and uncertainties (interval widths) across the hospitals. The
�ve hospitals noted earlier are highlighted in Figure 31; here we see that hospital 140 clearly
stands out as a case of relatively high variability, consistent with the earlier discussion about
the signi�cantly varying � parameters in this hospital.

7 Possible Further Work

Further work aims to extend this study in several ways. Some aspects for consideration
include:

� Putting up posterior summaries for all hospitals and all years, perhaps on a web site
for access by VA personnel based on queries with hospital/station numbers.

� Exploration of model diagnostics based on posterior predictive residual analyses.

� Understanding the issues associated with the censored return times.

� Highlighting other inferential uses of these models in response to speci�c, VA policy-
driven questions.

� Analysis of multi-year data with di�erent return time cut-o�s.
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9 Graphical Summaries of Analysis: FY97 Analyses



9 GRAPHICAL SUMMARIES OF ANALYSIS: FY97 ANALYSES 26

E
ffe

ct

-2
-1

0
1

-
-
-
-

1

-
-
-
-

7

-
-
-
-

14 -
-
-
-

21

-
-
-
-

30

-
-
-
-

1

-
-
-
-

7 -
-
-
-

14

--
--

21

-
-
--

30

-
-
-
- 36

7

0<t<368

  0<t<=368

P
ro

ba
bi

lit
y

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

--
--

1

-
-
-
-

7

--
-
- 14 --

--

21 --
--

30

--
--

1

--
-
-

7 -
-
-
- 14

--
-
- 21

-
--
- 30

--
--

36
7

0<t<368

  0<t<=368

Figure 1: Intervals for baseline duration model parameters �0(t) (upper frame) and the
implied baseline return time probabilities p0(t) (lower frame).
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Figure 2: Intervals for hospital speci�c random e�ects �i for four selected hospitals indicated
by station numbers. Graphs display the e�ects �i (upper frame) and the di�erences in
implied return time probabilities relative to the baseline (lower frame).
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Figure 3: Intervals for the standard deviation w(t) of the population distribution of hospital
speci�c random e�ects �i:
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Figure 4: Intervals for Age group e�ects �j(t) (upper frame) and the di�erences in implied
return time probabilities relative to the baseline (lower frame).
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Figure 5: Intervals for DRG e�ects 
j(t) (upper frame) and the di�erences in implied return
time probabilities relative to the baseline (lower frame).
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Figure 6: Intervals for Marital Status group e�ects �j(t) (upper frame) and the di�erences
in implied return time probabilities relative to the baseline (lower frame).
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Figure 7: Intervals for Priority (Means) group e�ects �j(t) (upper frame) and the di�erences
in implied return time probabilities relative to the baseline (lower frame).
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Figure 8: Intervals for Diagnosis group e�ects �j(t) (upper frame) and the di�erences in
implied return time probabilities relative to the baseline (lower frame).
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Figure 9: Intervals for Diagnosis group e�ects �j(t) based on analysis of only uncensored
data (upper frame) and on all data (lower frame).
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Figure 10: Intervals for Gender e�ects �j(t) (upper frame) and the di�erences in implied
return time probabilities relative to the baseline (lower frame).
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Figure 11: Intervals for Racial e�ects �j(t) (upper frame) and the di�erences in implied
return time probabilities relative to the baseline (lower frame).
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Figure 12: Intervals for Hospital random e�ects �i in analysis with cut-o� t = 1: Hospitals
are ordered by the posterior medians of the e�ects.
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Figure 13: Intervals for Hospital random e�ects �i in analysis with cut-o� t � 7: Hospitals
are is the same order as in Figure 12.
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Figure 14: Intervals for Hospital random e�ects �i in analysis with cut-o� t � 14: Hospitals
are is the same order as in Figure 12.
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Figure 15: Intervals for Hospital random e�ects �i in analysis with cut-o� t � 21: Hospitals
are is the same order as in Figure 12.
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Figure 16: Intervals for Hospital random e�ects �i in analysis with cut-o� t � 30: Hospitals
are is the same order as in Figure 12.
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10 Graphical Summaries of Analysis: 10 Year Study
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Figure 19: Intervals for baseline duration model parameters �0;r (upper frame) and the
implied baseline return time probabilities p0;r (lower frame) over years r = 1988; : : : ; 1997:
The points correspond to the overall proportions returning within 30 days from the raw
data.
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Figure 20: Intervals for hospital-speci�c random e�ects �i;r over years r = 1988; : : : ; 1997
in multi-year analysis with cut-o� t = 30 days. Intervals are given for the four hospitals
selected in the earlier, single year analysis, as labelled, plus one additional hospital (#140).
Graphs display the e�ects �i;r (�ve upper frames) and the di�erences in implied return time
probabilities relative to the baseline (�ve lower frames).
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Figure 21: Intervals for hospital speci�c random e�ects �i;r comparing the �ve selected
hospitals within each of the 10 years.
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Figure 22: Intervals for Age group e�ects �2;r (upper frame) and the di�erences in implied
baseline return time probabilities relative to the baseline (lower frame) over years r =
1988; : : : ; 1997 in multi-year analysis with cut-o� t = 30 days.
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Figure 23: Intervals for DRG group e�ects 
j;r (three upper frames) and the di�erences in
implied baseline return time probabilities relative to the baseline (three lower frames) over
years r = 1988; : : : ; 1997:
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Figure 24: Intervals for DRG group e�ects 
j;r across DRG categories j, displayed for each
of the 10 years.
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Figure 25: Intervals for Priority (Means) group e�ects �j;r (two upper frames) and the
di�erences in implied baseline return time probabilities relative to the baseline (two lower
frames) over years r = 1988; : : : ; 1997:
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Figure 26: Intervals for Priority (Means) group e�ects �j;r across categories, displayed for
each of the 10 years.
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Figure 27: Intervals for Diagnosis group e�ects �j;r (two upper frames) and the di�erences
in implied baseline return time probabilities relative to the baseline (two lower frames) over
years r = 1988; : : : ; 1997:
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Figure 28: Intervals for Diagnosis group e�ects �j;r across categories, displayed for each of
the 10 years.
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Figure 29: Intervals for Gender e�ects �2;r (upper frame) and the di�erences in implied
baseline return time probabilities relative to the baseline (lower frame) over years r =
1988; : : : ; 1997:
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Figure 30: Intervals for the hospital-speci�c dependence parameters �i of all 136 hospitals,
ordered by posterior medians. The �ve hospitals selected earlier are highlighted.
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Figure 31: Intervals for standard errors wi for all 136 hospitals, with hospitals ordered as
in Figure 30. The �ve hospitals selected earlier are highlighted.


