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MEDicAL CARE
September 1992, Vol. 30, No. 9

An Analysis of Short-Term Alcoholism Treatment Cost Functions

ALLEN C. GOODMAN, PHD,* HAROLD D. HOLDER, PHD,t
ELEANOR NISHIURA, PHD,* AND JANET R. HANKIN, PHD*

A number of alcohol treatment studies have documented variations in the
average cost of treating alcoholics. However, these studies have provided little
explanation for these variations. In this study, three major issues in the mea-
surement of alcoholism treatment costs are investigated: 1) choice of treatment
location, i.e., inpatient versus outpatient; 2) interaction of treatment locations in
the estimation of costs; 3) impact of type of alcohol problem and comorbidities
on treatment costs. The study includes an integrated framework that jointly
estimates treatment location and treatment costs conditional on treatment loca-
tion, concentrating on short-term alcoholism treatment and using insurance
claims data to specify a 6-month period beginning with each individual’s first
treatment for alcoholism. The different treatment types subsumed in the catego-
ries alcohol abuse and alcohol dependence are also addressed. Results indicate
that comorbidities are crucial in determining treatment location. Once treat-
ment location is determined, however, their effects on treatment costs, while
measurable, are statistically insignificant. Partial treatment effects, conditional
on treatment location, differ substantially from full treatment effects, which
are determined jointly with treatment location. Key words: alcoholism; comor-
bidities; costs and cost analysis; treatment location; utilization. (Med Care 1992;
30:795-810)

Previous alcoholism treatment studies
have documented differences among alco-
holics in the average costs for treatment, but
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they have not provided a great deal of expla-
nation for these differences. In this study,
we investigate three major issues in the mea-
surement of alcoholism treatment costs:

1) Predictors of choice of treatment loca-
tion, i.e., inpatient versus outpatient;

2) Interaction of treatment locations in
the estimation of costs;

3) Impact of type of alcohol problem
(abuse or dependence) and various comor-
bidities on treatment costs.

We address all of these aspects in an inte-
grated framework that estimates jointly the
treatment location and the treatment costs,
conditional on treatment location. The evalu-
ation concentrates on short-term alcoholism
treatment, using insurance claims data to
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specify a 6-month period beginning with
each individual’s first treatment for alcohol-
ism. (Other studies'? provide a description
of the overall analytical approach and a
treatment of longer-term alcoholism treat-
ment.) For analytic purposes we treat co-
morbidities and the type of alcohol problem
as independent variables affecting the loca-
tion of treatment and costs. We recognize,
however, that these diagnoses may be af-
fected by the location of care.

We distinguish between partial effects
and full effects. Partial effects are defined as
those effects estimated conditional on treat-
ment location. These differ substantially
from full effects, which are defined as the
combination of partial effects determined
jointly with treatment location.

The study begins with a brief review of
comorbidities and cost functions. The gen-
eral model and specific cost functions are
then described. The results section focuses
on the distinctions between the modeling of
treatment location and treatment cost, and
distinguishes between partial and the full
effects. We close with conclusions and pol-
icy implications.

A Brief Review of the Literature

Although there is considerable evidence
that alcoholics and their family members use
more health care resources and incur higher
health care costs than nonalcoholics,?>® few
studies have systematically considered the
factors that contribute to different rates of
utilization and costs among alcoholics. Stud-
ies focusing on differences in costs between
alcoholics and nonalcoholics may overlook
the wide variations in costs and utilization
among alcoholics.

One possible explanation for varying
health care costs among alcoholics is the lo-
cation where treatment is provided, i.e., in-
patient and/or outpatient settings. Several
studies have emphasized the cost advantage
of the outpatient location, showing that an
outpatient setting can provide both treat-
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ment of alcoholism’® and detoxification®*°
at lower cost than the inpatient setting with
no difference in outcomes. In an extensive
review, Miller and Hester'' conclude that
controlled research consistently shows that
inpatient care does not provide better out-
comes than outpatient care and that longer
lengths of inpatient stay offer no treatment
advantages over shorter inpatient stays in
terms of outcomes for alcoholics. These out-
comes are variously measured as number of
medical complications, future social and in-
terpersonal stability, or psychological well-
being. While these studies show that costs
for the same type of treatment are less at the
outpatient setting, they do not consider how
treatment location may affect the alcoholism
treatment and other health care one re-
ceives, or the factors that encourage some
people to receive inpatient or outpatient
care.

Another possible influence on the health
care costs of individuals with alcohol prob-
lems is the type of alcohol problem that is
being treated. While alcohol abuse and alco-
hol dependence are sometimes considered
as different degrees of severity,'? research
by Hasin et al."® suggests that alcohol abuse
and alcohol dependence represent distinct
conditions with different outcomes. These
findings suggest that these two conditions
should be analyzed separately in terms of
costs of treatment.

Comorbidities may also influence alcohol-
ism treatment costs. It is well established
that alcoholism frequently occurs in con-
junction with other illnesses.'*** Psychiatric
and other substance abuse disorders are
some of the most frequently noted comorbi-
dities of alcohol problems. Although psychi-
atric and other substance abuse disorders
have been shown to occur with alcohol dis-
orders in community surveys,'¢?° these co-
morbidities are especially prominent among
patients being treated for alcohol dis-
orders‘16,21-—25

The impacts of psychiatric disorders on
utilization and costs have not been studied

This content downloaded from 141.217.215.181 on Wed, 5 Jun 2013 14:52:54 PM
All use subject to JISTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

Vol. 30, No. 9

directly, but these conditions have fre-
quently been examined as potential risk fac-
tors for readmission to an inpatient facility
by alcoholics or in terms of their impact on
outcomes. A number of studies'*>?¢?’ report
poorer outcomes for alcoholics who also
have a psychiatric comorbidity. Slater?® con-
cluded that alcoholics who were rehospital-
ized had more depression than those who
did not receive subsequent inpatient care.
However, Booth et al.?’ reported no associa-
tion between psychological variables and
recidivism when severity of alcohol prob-
lems was considered. While these studies
suggest that alcoholics with psychiatric ill-
nesses and drug problems will experience
higher utilization, none of these studies re-
lated their findings to the cost of treatment.

In summary, previous research has deter-
mined that alcoholics incur higher health
care costs than nonalcoholics, and that the
setting where health care is provided affects
costs. In addition, it has been established
that alcoholism is frequently accompanied
by other illnesses including psychiatric ill-
nesses and drug abuse. However, the effect
of the type of alcohol problem and comorbid-
ities on locus of care or their contribution to
the total medical care costs of alcoholics has
received little attention.

Methods
Cost Functions

This analysis addresses several issues that
can affect the measurement of treatment
costs. Specifically, we:

1) estimate cost functions separately for
inpatient and outpatient care;

2) model the choice of different locations
or combinations of locations and the cost
functions, as separate, albeit related, pro-
cesses;

3) consider the possible influence of co-
morbidities and different types of alcohol
problems on both the treatment choice and
the treatment costs;

We characterize the cost function of alco-
holism treatment in two stages. The first

SHORT-TERM ALCOHOLISM TREATMENT COST FACTORS

stage involves the choice of the treatment
location. The second, the cost functions,
treats the treatment cost as conditional on
the treatment location. In each stage, we de-
termine the effect of the type of alcohol
problem and the comorbidities. For exam-
ple, patients diagnosed with certain comor-
bidities may be much more likely to receive
either 1) some inpatient, or 2) outpatient-
only treatment. Once in that treatment loca-
tion, the comorbidity may have little effect
on the cost of second stage treatment. Yet,
clearly the comorbidity is important in the
first stage choice of treatment.

Our model uses two treatment branches
to compare individuals who had some inpa-
tient treatment with those who had none.
Branch 1 includes inpatient treatment only
and mixed inpatient-outpatient treatment;
this branch is referred to as some-inpatient
(SI) care. Branch 2 is outpatient-only (OO).

The general cost function of alcoholism
treatment is:

1) C=fD+(1-f)E

where f refers to the probability of outpa-
tient-only treatment, (1—f) to the probability
of some-inpatient treatment, D to the costs if
outpatient-only treatment is used, and E to
the costs if some-inpatient treatment is used.
Probability f is estimated in the first stage;
costs for the two treatment branches (D and
E) are estimated in the second.

The first stage involves treatment choice f.
Letting the some-inpatient branch equal 0,
and the outpatient-only branch equal 1,
then:

2) f = £ (M),

where M is the vector of comorbidities. The
binomial choice is estimated using logit anal-
yses. (Maddala® is a standard reference for
discrete choice models such as logit.)

In the second stage of the model we spec-
ify cost functions D and E for the two treat-
ment branches. D, or outpatient-only, is
specified as:

3) D=D (Mr O)r
797
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where O is the number of outpatient events.
E is the sum of inpatient costs E,, and outpa-
tient costs Eg, in the some-inpatient treat-
ment branch. It is disaggregated by inpatient
events I, and outpatient events O, such that:

4 E=EMILO)+E,M,IO0).

By substituting (2), (3), and (4) into (1), we
get:
5 C=fMDM, O)

+[1 — f{M)][EM, [, O) + E,M, [, O)].

Total costs, then, are a function of inpa-
tient treatment, I, outpatient treatment O,
and comorbidities M. Treatment effects refer
to the percent changes in total cost elicited
by 1% changes in the amount of treatment.

We can derive the following expressions for
full treatment effects:}

6) weighted full outpatient treat. effect
= Prob (O0) X (part. OUT treat. eff.),
X (D/C) + Prob (SI)
X (part. OUT treat. eff.);o X (Eo/C)
+ Prob (SI) X (part. INP treat. eff.)y
X (E,/C)
7) weighted full inpatient treat. effect
= Prob (SI) X (part. OUT treat. eff.);q
X (Eq/C) + Prob (SI)
X (part. INP treat. eff.); X (E;/C)

The weighted effects are interpreted as
follows. The full treatment effect in (6) and
(7), measured in visits and/or days, is re-
lated to:

partial effects on the inpatient D, and the
outpatient (E, and E;) cost functions,

probability of treatment for each branch,
and

the relative costs of D, Eo, and E;.

1 In economic terms, the effects are standard elastic-
ity measures. The full mathematical derivation of these
and other measures are available from the senior au-
thor on request.
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Thus, if the probability of treatment for
any location in either branch is low, or the
relative cost in a location is low, these com-
ponents will have low weights in calculating
the full effects.

The full outpatient effect is based on the
outpatient care that occurs in both treatment
branches. Inpatient events do not enter the
outpatient-only cost function, however.
Thus neither the cost, nor the probability as-
sociated with the outpatient-only treatment
branch, is relevant to the estimation of the
full inpatient treatment effect.

Comorbidity effects examine the impacts
of comorbidities M on treatment costs, and
can be interpreted as the presence (m; = 1) or
absence (m,; = 0) of condition m;. As noted in
(5), comorbidities influence total costs by
changing the treatment location (typically
from less expensive outpatient to more ex-
pensive inpatient locations), or by changing
the treatment costs at the chosen location.
We measure sizes and directions (+ or —) of
comorbidity effects by characterizing the co-
morbidities and their treatments in the re-
gression analysis.

This analytical framework regarding
treatment location should be distinguished
from the important statistical concerns re-
garding selection bias. We note here that
treatment location, in and of itself, may influ-
ence total costs because the underlying
treatments differ. Selection bias addresses
errors that may be correlated with the selec-
tion criteria. We address the treatment of se-
lection bias in the following section.

Econometric Methods

This section briefly discusses estimation of
the treatment effects. It is crucial to address
the joint determination of treatment branch
f with the treatment costs D, Ej, and E,
These are addressed in the Appendix.

For the treatment effects, the costs of the
events are aggregated in each period. In
each period, each person has numerous
treatment events V of various types (e.g., in-
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patient i and outpatient o). Increased num-
bers of events presumably increase total
costs. Other variables may include individ-
ual-specific demographics M. Estimation of
the cost function also requires the capability
to detect nonlinearities in the function. We
propose a function that uses interactive and
quadratic terms. Cost function A, for exam-
ple, refers to total cost (measured logarithm
of dollars) for alcoholism treatment in the
treatment period:§

8) A=+ wV, + wV, + 0,V>
+0,,V2+ 0, V.V, + YM + a) + ¢

In this function, parameters w relate treat-
ment (numbers of events) to costs, and pa-
rameters 6 represent interactions among
types of visits, and parameters y represent
individual-specific demographics.f Variable
A (with coefficient «) represents the correc-
tion for selection bias from the treatment lo-
cation regression. The effect of V, on A, for
example, is determined by differentiating
and rearranging the cost function. ||

Although number of visits is an appro-
priate measure of treatment for outpatient
care, number of admissions is not directly
comparable for inpatient care, because ad-
missions may vary in length from as few as 1
to as many as 30 days. We therefore measure
inpatient use by number of days treated, con-
trolling for the number of admissions. Ig-
noring other variables, consider the regres-
sion:

9) A = ay + o, days + «a, (days/admission).

The effect of number of inpatient days on
Ais (@, + a,/admissions) X days.

§ The logarithmic specification was found preferable
to the linear specification, using a Box-Cox test.

1 The 6 terms, indicating the importance of the inter-
actions, are found to be significant in all cases.

! Differentiating with respect to V; yields (w; + 26,V,
+ 0,,V,), which is then multiplied (in log form) by V; to
obtain the treatment effect. All effects are calculated by
adding the effects of 1% changes in V, and V.

SHORT-TERM ALCOHOLISM TREATMENT COST FACTORS

Data Sources and Preparation

The study population was identified from
health insurance claims of a large Midwest-
ern manufacturing company from January
1980 to June 1987. To ensure comparability,
we included only individuals who met these
criteria:

1) At least one inpatient or outpatient
treatment (by one of a variety of providers)
with the International Classification of Dis-
eases, 9th Revision (ICD-9) diagnosis of 303
(alcohol dependence syndrome), 305.0 (alco-
hol abuse) or 291 (alcoholic psychoses) was
received during the study period.

2) An active or retired company em-
ployee during the study period.

3) All coverage under a fee for service
plan with no services reimbursed by Medi-
care. Benefits included comprehensive cover-
age of alcoholism treatment (including 365
inpatient days/year and outpatient services)
and did not change during the study period.

There were 873 subjects that met these cri-
teria. They were mostly male (94.5%),
hourly (89.6%) workers. The mean age at
the time of the first alcoholism treatment
was 37.6 years. (More than 75% of the indi-
viduals were less than 45 years of age when
treatment was initiated.) The majority of the
workers were employed in plants located in
three different areas in the Midwest. The re-
maining 20% were employed in a variety of
small enterprises scattered throughout the
Midwest.

A period of 6 months beginning with the
first occurrence of a primary or secondary
diagnosis for treatment of alcohol depen-
dence (ICD-9 303), alcohol abuse (ICD-9
305.0), or alcoholic psychosis (ICD-9 291)
was defined as the alcoholism treatment pe-
riod.# The population was divided between
those who were treated only for alcohol

# The short term should theoretically be the length

of the first major treatment episode. Because most ini-
tial episodes were 6 months or less in preliminary analy-
sis, we used a 6-month period to encompass the short
term. Full episode analysis is beyond the scope of the
project, but research in progress considers sensitivity of
results to our definition of a short-term episode.
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TaBLE 1. Monthly Costs and Utilization of Alcoholism Treatment
Total Costs and Alcoholism Treatment Alcoholism as
Utilization Costs and Utilization % of Total
All diagnoses
Inpatient costs $583 $491 84.22
Outpatient costs $103 $66 64.08
No. of inpatient days 2.37 2.15 90.72
No. of inpatient admissions 0.14 0.11 78.57
No. of outpatient visits 0.85 0.37 43.53

abuse (19.2%) and those who had depen-
dence or alcoholic psychosis at any time
during the 6-month calendar period when
they received an alcohol diagnosis (80.8%).
Dependence and alcoholic psychoses were
combined because the small number of pa-
tients with alcoholic psychosis (n = 28) pro-
hibited a separate analysis for this category
and because a majority of these individuals
(n = 16) also had a diagnosis of dependence.

Costs and utilization were determined for
inpatient and outpatient (noninpatient)
health care events. An inpatient event con-
sisted of all services provided between and
including the first and last dates of a hospital
admission that involved at least an over-
night stay. Total charges for all of these ser-
vices represented the costs of that admis-
sion.

An outpatient event consisted of all ser-
vices incurred on the same day as a visit to a
hospital outpatient department, emergency
room, or provider’s office, that did not coin-
cide with an inpatient admission. These out-
patient events included all psychiatric care,
not associated with an inpatient admission,
and same-day hospital stays. Charges for all
services incurred on the day of an outpatient
visit were included in the cost of that outpa-
tient event. All costs were adjusted to 1985
dollars with the Medical Care Index of the
Consumer Price Index.**

Events were also defined with reference to
alcoholism treatment. An alcoholism treat-

** To compare costs among treatment types it was
appropriate to use the same deflator, rather than sepa-
rate deflators for inpatient and outpatient care.

800

ment event was defined by a diagnosis code
of 303, 305.0, or 291 appearing for any ser-
vice associated with that event. All other
events were considered as nonalcoholism
events and excluded from this analysis.
Counts of events and charges associated
with alcoholism treatments reflect these defi-
nitions. We recognize that these may under-
state the alcoholism incidence as some alco-
holics may never receive a formal diagnosis.

Descriptive Analyses

Tables 1 through 3 describe the sample by
breaking costs into several categories. Table
1 provides cost and utilization information
for each place of service during the alcohol-
ism treatment period. These data show that
alcoholism treatment accounted for 84.2%
of inpatient charges and 90.7% of inpatient
utilization (Inpatient Days), but less than
50% of outpatient utilization (Outpatient
Visits), during the treatment period.

Cost functions are modeled as separate
processes depending on whether an individ-
ual had some-inpatient or outpatient-only
treatment.t1 Table 2 shows that 59.6% (the
sum of the first 2 percentages in column 3)
of the study group received inpatient treat-
ment for alcohol dependence or alcohol
abuse in the 6 months after the first diagno-
sis of an alcohol problem. Individuals with
an alcohol dependence problem were more

tt An earlier study’ considered inpatient and outpa-
tient costs in one equation. F-tests on the equality of
coefficients of the cost functions indicated that they
should be estimated separately. The results are avail-
able from the senior author on request.
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TaBLE 2. Distribution of Individuals by Location of Treatment and Type of Alcohol Problem

Dependence Abuse Total
Location of Treatment No. % No. % No. %
Inpatient, only 332 47.1 32 19.0 364 417
Inpatient and outpatient 144 20.4 12 7.1 156 17.9
Outpatient, only 229 325 124 73.8 353 40.4
Total 705 100.0 168 100.0 873 100.0

likely to receive inpatient care than those
who were treated only for alcohol abuse
(67% and 26%, respectively).

For the comorbidity analysis, individuals
were identified depending on the type of al-
cohol problem and comorbidity which they
exhibited during the 6-month calendar pe-
riod corresponding to their first AT event.
Three categories of drug and mental illness
comorbidities were considered: drug abuse
or drug dependence (ICD-9 codes of 292,
304, 305.1-305.9), nondrug or nonalcoholic
psychoses (ICD-9 codes of 290, 293-299),
and nonpsychotic mental disorders (ICD-9
codes of 300-302, 306-319). Various combi-
nations of drug and psychiatric comorbidi-
ties led to 16 possible categories of treatment
for alcohol abuse and dependence.}t

Table 3 shows that 36.4% of the popula-
tion incurred treatment for drug problems or
mental disorders during the calendar period
corresponding to their diagnosis for an alco-
hol problem. During this period, slightly
more than 5% of the alcoholics were identi-
fied with a drug abuse or dependence prob-
lem, but no mental disorders; 10% were
treated for nonalcohol or nondrug psycho-
sis; and 21% were treated for nonpsychotic
mental disorders. (This count includes ap-
proximately 3% of the total group who re-
ceived a diagnosis of drug abuse in addition

11 Two other categories of comorbidities were used
as controls in the analysis. Chronic liver disease
(DLIVER) was defined by ICD-9 code 571. DALCREL
consisted of pellagra (265.2), alcoholic polyneuropathy
(357.5), alcoholic cardiomyopathy (425.5), alcoholic
gastritis (535.3), or portal hypertension (572.3) incurred
at any time during the treatment period.

to a mental disorder diagnosis during this
diagnosis period.)

Table 3 also shows how comorbidities are
distributed for the two categories of alcohol
problems. It suggests that comorbidities oc-
cur slightly more often with alcohol depen-
dence than with alcohol abuse. Individuals
with dependence exhibit higher rates of
both psychosis and drug problems than indi-
viduals whose alcohol problems are limited
to nondependent abuse.

Results

Prediction of Treatment Location

This section identifies the factors that pre-
dict treatment location and determine the
probability of some-inpatient or outpatient-
only treatment. Table 4 shows the choice of
treatment location estimated with a bino-
mial logit model. Predictors include type of
alcohol problem (abuse or dependence),
drug and psychiatric comorbidities, chrono-
logical time period when alcoholism treat-
ment began, age, sex, and employee group
(wage or salaried).

The presence of an abuse diagnosis (AL-
CABU = 1) indicates a higher probability of
outpatient-only treatment (positive coeffi-
cient in the logit). Holding ALCABU (the
type of alcohol problem) constant, we then
address comorbidities. Patients with drug
problems or psychosis diagnoses have signif-
icantly higher probabilities of assignment to
inpatient treatment (significantly negative
coefficients). Age, sex, and group do not sig-
nificantly affect treatment location. The
chronological time within the study period
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TaBLE 3.  Number and Percent of Individuals by Type of Alcohol Problem and Comorbidity Category

Dependence Abuse Total
Comorbidity Category No. % No. % No. %
No comorbidity 447 62.96 112 66.27 559 63.59
Drug 40 5.63 5 2.96 45 5.12
Psychosis 35 493 2 1.18 37 421
Psychosis and other mental 34 4.79 10 592 44 5.01
Other mental disorder 129 18.17 37 21.89 166 18.89
Drug and psychosis 2 0.28 0 0.00 2 0.23
Drug, psychosis, other mental 6 0.85 0 0.00 6 0.68
Drug and other mental disorder 17 2.39 3 1.78 20 2.28
Total 710 100.00 169 100.00 879 100.00

when the first alcoholism treatment oc-
curred (higher value of ATPER refers to a
late classification) has a significant coeffi-
cient. This suggests that patients whose first
diagnosis of an alcohol problem occurred
early in the study period were more likely to
be hospitalized than those whose first diag-
noses were late in the study period. Inserting
the variable means into the logit equation
leads to probabilities of 0.399 for outpatient-
only and 0.601 for some-inpatient treat-
ment.

Cost Functions

After determining treatment location, we
estimate cost functions for the two treatment

TaBLE4. Logit Regression for
Treatment Location

Variable Coefficient T-Ratio
ONE —-0.48136 -0.951
ALCABU 1.67521 8.465°
DDRUG —0.97062 —3.688°
DPSYCH1 —0.80252 -2.901°
DPSYCH2 —-0.20877 -1.118
DLIVER -1.09907 —1.838*
DALCREL —-0.70782 —0.885
ATPER 0.06628 3.277°
AGE —-0.00812 -0.952
SEX 0.05054 0.146
GROUP -0.13380 —0.538
Log-likelihood —522.02

“ Significant at 0.01 level.
® Significant at 0.10 level.
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branches (Table 5). Inpatient and outpatient
cost functions are estimated separately for
the some-inpatient branch and an outpa-
tient cost function is estimated for the out-
patient-only branch. The dependent vari-
able is the logarithm of total costs and the
explanatory variables include the number of
events and events squared, the type of alco-
hol problem, comorbidities, and sociodemo-
graphic characteristics.

Consider first the equation of outpatient
costs in the outpatient-only treatment
branch (Regression 1). The R?is 0.338. Num-
bers of outpatient visits are significant, both
linearly and quadratically. The selection pa-
rameter A is significant at the 0.10 level, in-
dicating the necessity of our correction.
Conditional on receiving outpatient-only
treatment, only drug abuse, among all co-
morbidities, has significant cost impacts.

Cost functions for inpatient and outpa-
tient care in the branch with some-inpatient
treatment are also estimated in Table 5 (Re-
gressions 2 and 3). The inpatient cost regres-
sion (Regression 2) has an R? of 0.701. The
numbers of inpatient admissions, the num-
ber of days, and days per visit are signifi-
cant. None of the comorbidities are signifi-
cant and there is no indication of selection
bias. The outpatient cost regression in this
treatment branch has explanatory power
similar to the inpatient regression (R?
= 0.787); again, there is no indication of se-
lection bias. With the exception of psychosis,
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TaBLE5. Cost Regressions for Alcoholism Treatment

Regression 3 — SI

Regression 1 — Outpatient Only Regression 2 — SI Inpatient Outpatient
Variable Coefficient T-ratio Variable Coefficient T-ratio Coefficient T-ratio
LAMBDA —3.87802 -1.793° LAMBDA —0.57625 —0.675 —1.78494 -0.807
ONE 9.06712 4.096" ONE 5.95447 10.096° -0.09166 —0.060
AQV2 0.29292 8.492¢ AlV2 1.19217 5.154° 2.44320 4.072°
AOV2S —0.00790 —4.423% AlIV2S —0.10436 —2.437° -0.30413 —2.739*
ALCABU —3.02445 —2.295¢ AOV2 0.03239 1.322 1.87407 29.476"
DLIVER 1.13288 1.046 AOV2S —-0.00253 -1.779° ~0.08696 ~23.536"
ATPER -0.10237 ~1.848° AIOV2 —0.00751 -0.617 —0.08582 -2.717%
DDRUG 2.07179 2.290° ALCABU 0.27039 0.488 1.17157 0.815
DPSYCHI1 1.18386 1.154 ADDAYS —0.01442 —1.947¢ —0.04832 -2.515¢
DPSYCH2 0.08205 0.342 ADDPV 0.07458 9.298" 0.04898 2.354°¢
DALCREL 0.06358 0.059 ATPER 0.03525 1.800° 0.03202 0.630
AGE 0.01104 1.142 DDRUG —0.11646 —0.468 -0.39711 -0.615
SEX 0.02114 0.078 DPSYCHI1 0.04955 0.235 —-0.67857 -1.905*
GROUP 0.09873 0.426 DPSYCH2 0.08541 1.065 0.12352 0.594

DALCREL -0.10217 -0.405 -0.67117 -1.025
DLIVER 0.09892 0.347 ~0.84169 -1.182
AGE 0.00254 0.761 —0.00758 —0.874
SEX —0.05448 -0.552 —0.28806 -1.126
GROUP —0.03953 —0.457 —0.28400 —1.265
N 353 N 520 520
R? 0.338 R? 0.701 0.787

“ Significant at 0.10 level.
? Significant at 0.01 level.
¢ Significant at 0.05 level.

none of the comorbidities are significant.
Thus, although drug and psychiatric comor-
bidities contributed to the choice of treat-
ment location, they had insignificant effects
on the costs, given treatment location.

Partial Effects

This section presents the partial effects of
treatment on costs for alcohol abuse and al-
cohol dependence in each treatment branch.
(The regressions from Table 5 did not distin-
guish by type of alcohol problem, measuring
utilization by the total number of outpatient
visits and inpatient days.) Because utiliza-
tion varies for alcohol abuse and alcohol de-
pendence, total costs and treatment effects
are calculated separately for these two types
of alcohol problems. Table 6 provides the
utilization figures that are used in these cal-
culations.

Table 7 begins with a baseline case with
no confounding comorbidities. A 1% in-
crease in treatment in the outpatient-only
branch for someone with alcohol depen-
dence implies a 0.899% increase in outpa-
tient costs, evaluated at the mean of 3.60
events. For alcohol abuse a 1% increase im-
plies a 0.850% increase in outpatient costs,
using a mean of 3.88 events. These partial
effects, conditional on treatment location,
suggest slightly decreasing average costs as

TaBLE 6. Mean Utilization by Treatment
Location and Type of Alcohol Problem

Abuse  Dependence
Outpatient visits
Outpatient only 3.605 3.878
Outpatient and inpatient 0.500 1.155
Inpatient admissions 1.136 1.137
Inpatient days 16.727 21.805
Days/admission 15.045 20.239
803
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TaBLE 7. Calculation of Total Effects

Dependence Abuse
Expected costs
Some inpatient
Inpatient costs $3,621.94 $2,286.39
Outpatient costs $5.56 $1.61
Outpatient only $391.17 $177.88
Total $2,381.31 $663.66
Probabilities
Some inpatient 0.6149 0.2302
Outpatient only 0.3851 0.7698
Partial effects
Outpatient-only branch
Effect of outpatient
care on outpatient
costs 0.899 0.850

Some-inpatient branch
Effect of inpatient
care on inpatient
costs 1.116 0.857
Effect of outpatient
care on outpatient
costs 1.820 0.845
Effect of inpatient
care on outpatient
costs -0.114
Effect of outpatient
care on inpatient
costs 0.021 0.011
Full effects
Effect of inpatient
treatment on total
costs 1.044 0.679
Effect of outpatient
treatment on total
costs 0.079 0.184

Total effect 1.123 0.864

—0.087

the number of outpatient visits increases.
That is, a 1% increase in the number of out-
patient visits leads to less than a 1% increase
in total costs.

Regression parameters from Table 5 (Re-
gressions 2 and 3) are used for the inpatient
and outpatient cost functions for the some-
inpatient treatment branch. With an abuse
diagnosis a 1% increase in inpatient treat-
ment increases inpatient costs by 0.857%. A
1% increase in outpatient visits for abuse in-
creases outpatient costs by 0.845%. These
partial effects suggest that average costs,
under an abuse diagnosis, decrease as treat-
ment increases.

The partial treatment effects for alcohol
dependence indicate a somewhat different
pattern than is shown for abuse. A 1% in-
crease in inpatient care increases inpatient
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costs by 1.116%, and a 1% increase in out-
patient visits increases outpatient costs by
1.820%. Therefore, both average inpatient
costs and average outpatient costs increase
as treatment increases.

Full Effects

The calculation of full treatment effects
for inpatient and outpatient treatment as de-
scribed by equations (6) and (7) is also pre-
sented in Table 7. These calculations depend
on the partial effects described above, the
probabilities of being in either some-inpa-
tient or outpatient-only treatment, and pre-
dicted costs.

For dependence, the predicted costs (in
1985 dollars) of inpatient and outpatient
treatment in the some-inpatient branch are
$3,621.94 and $5.56 (implying minimal use
of outpatient care in the some-inpatient
branch). In the outpatient-only treatment
branch, predicted costs are $391.17. The to-
tal predicted cost of $2,381.31 is the
weighted sum from equation (1), where the
weights are the probabilities of being in each
branch (0.385 and 0.615).

A 1% increase in outpatient treatment in-
creases total costs by only 0.079% while a
similar increase in inpatient admissions in-
creases total costs by 1.044%. A 1% increase
in both inpatient and outpatient treatment
(an increase of 1% in total events) implies a
cost increase equal to the sum of the two, or
1.123%. The small effect of outpatient treat-
ment in this example reflects a relatively
small (0.385) probability of being in the out-
patient-only treatment branch, and the rela-
tively small contributions of $391.17 and
$5.56 to total costs for outpatient care, com-
pared to the probability of 0.615 and costs of
$3,621.94 associated with inpatient care.
Thus, changes in outpatient costs and the
outpatient treatment effects have little im-
portance in the determination of full effects.

Next, we compare full effects under an
abuse diagnosis with those just presented
for a dependence diagnosis. The predicted
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costs for abuse (again in 1985 dollars) are
$2,286.39 and $1.61 in the inpatient treat-
ment branch and $177.88 in the outpatient-
only branch. The resulting $663.66 is the
weighted sum as noted in equation (1). The
partial effects and the probabilities of being
in the outpatient-only (0.770), and some-in-
patient treatment branches (0.230) are used
in this calculation. A 1% increase in outpa-
tient and inpatient utilization for abuse
treatment increases total costs at these 2 set-
tings by 0.184% and 0.679%, respectively.
A 1% increase in both, or a 1% increase in
the total number of events, implies a 0.864%
increase in total costs. The larger full outpa-
tient effect for abuse reflects both the higher
probability of being in the outpatient-only
branch (0.770) and its larger share of total
treatment cost.

These results suggest that short-term alco-
holism treatment is cheaper (less than 30%
of the cost) for persons with an abuse diag-
nosis, than for those with a dependence
diagnosis. With abuse, the less expensive
outpatient care is often used instead of inpa-
tient care. Abuse also yields decreasing
average costs as utilization increases. With
abuse the total effect of 0.864 implies an
8.6% increase in total costs, given a 10% in-
crease in utilization. This contrasts with the
total effect of 1.123 for treatment of a de-
pendence diagnosis, an 11.2% increase in
total costs, given a 10% increase in utiliza-
tion.

The different measures for abuse and de-
pendence suggest aggregation problems
when measuring costs. Recall that the full
treatment effect for abuse was 0.864, and for
dependence, 1.123. One can rewrite the cost
function T as:

10) T =h[AB] + (1 — h)[DE]

where AB is cost for abuse treatment and DE
is cost for dependence treatment. Parameter
h (1—h) represents probability, or frequency,
of abuse (dependence) treatment. Similarly
to equations (6) and (7), we can derive the
effect of events x on total costs T for abuse or

SHORT-TERM ALCOHOLISM TREATMENT COST FACTORS

dependence (available from the senior au-
thor on request).

Substituting from the worksheet in Table
7 yields a total treatment effect of 1.107 for
alcoholism treatment, regardless of the type
of alcohol problem. This lies between the
abuse effect of 0.864 and the dependence
effect of 1.123. It is closer to the latter be-
cause dependence is more frequently diag-
nosed and is costlier to treat; hence the
weights are higher.

This decomposition indicates the analyti-
cal problems of aggregating abuse and de-
pendence. We have noted that abuse has
slightly decreasing average costs, and that
dependence has slightly increasing average
costs. Aggregating them implies mistakenly
that alcoholism treatment leads to increasing
average costs, and hence any treatment
leads to incrementally higher costs. This is
not the case, however.

Impacts of Comorbidities

This section investigates the impacts of
differing comorbidities on treatment loca-
tion and costs. (Although we consider treat-
ment location and costs as dependent on
diagnosis, we recognize that patients who
receive only outpatient care may be more
likely to be given alcohol abuse diagnoses.
Determining whether diagnosis drives treat-
ment or treatment drives diagnosis is
beyond the scope of this research.) Comor-
bidities are treated as binary (0, 1) variables
and compared with the baseline case when
no comorbidity is present, which was dis-
cussed above. Intensity of treatment is con-
trolled by holding constant both the number
of events and the length of the admission for
inpatient care. Differences between costs
may then be attributed jointly to the type of
comorbidity and to the intensity of the treat-
ment.

Table 8 introduces the drug abuse/de-
pendence comorbidity DDRUGP. Probabili-
ties are calculated from the logit regression
in Table 4. The probability of some-inpa-
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TaBLE 8. Total Treatment Effects and Expected Costs for Alcoholism Treatment

Total Probability Total Expected Expected
Period 2 Treatment of Inpatient Treatment Inpatient Outpatient
Diagnoses Effect Treatment Costs ($) Costs ($) Costs ($)
No comorbidities
Abuse, only 0.864 0.230 663.66 526.36 137.30
Dependence 1.123 0.615 2,381.32 2,227.27 154.05
Drug diagnoses
Abuse, only 0.864 0.441 1,383.20 1,145.72 237.48
Dependence 1.129 0.808 3,187.37 3,069.95 117.42
Drug and psychoses
Abuse, only 0.866 0.638 2,219.40 2,078.43 140.97
Dependence 1.135 0.904 3,982.78 3,931.93 50.84

tient treatment in the presence of drug de-
pendence increases from 0.230 for alcohol
abuse without a comorbidity, to 0.441 for
abuse with the drug comorbidity. With alco-
hol dependence, the increase is from 0.615
to 0.808. The introduction of a drug diagno-
sis raises costs from $663.66 to $1,383.20 for
abuse and from $2,381.32 to $3,187.37 for
dependence.

Interestingly enough, total treatment ef-
fects hardly change with the introduction of
a drug comorbidity even though their com-
ponent parts do. Because inpatient care is
considerably more expensive than outpa-
tient care, a shift toward more care involving
some-inpatient treatment leads measured
effects to approach the values of 0.857 for
alcohol abuse, and 1.116 for alcohol depen-
dence, which are displayed in Table 7. As a
result, even though the incidences of care
and the total costs change, the total effects
change little.§§ Irrespective of the incidence
of comorbidities, abuse diagnoses are re-
lated to decreasing average cost treatment;
dependence diagnoses are related to in-
creasing average cost treatment.

Another comparison examines the effect
of a psychosis DPSYCH1 when it is intro-

§§ This is most apparent at the initiation of alcohol-
ism treatment, when inpatient treatment is more proba-
bly relative to outpatient care. Full treatment effects
vary considerably more in the long term for both alco-
holism and nonalcoholism treatments.
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duced in addition to drug diagnoses for both
abuse and dependence diagnoses. The prob-
ability of receiving some-inpatient treatment
again increases for both abuse (from 0.441
to 0.638) and dependence (from 0.808 to
0.904). Costs also increase from $1,383.20 to
$2,219.40 for abuse and from $3,187.37 to
$3,982.78 for dependence. For this analysis
we combine equations (1) and (4) to get:

11) C=[fD+ (1 - H)E] + [(1 — £)E|]

The first term in the square brackets can
be interpreted as expected outpatient costs
(probability of utilization multiplied by pre-
dicted costs), and the second term can be
interpreted as expected inpatient costs.

With more comorbidities, the probability
of outpatient-only treatment falls; hence
there is a higher weight on inpatient and
outpatient costs in the branch with some-in-
patient care and a lower weight on costs in
the outpatient-only branch. Because inpa-
tient costs are generally much larger than
outpatient costs in either branch, and be-
cause outpatient costs in the branch with
some-inpatient care are typically less than
costs in the outpatient-only branch, the in-
creased probability of inpatient care leads to
a relative and absolute decrease in expected
outpatient costs.

Note, for example, that the addition of
drug and psychosis diagnoses increase ex-
pected inpatient costs (in the case of abuse,
from $526.36 to $2,078.43) but that ex-
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pected outpatient costs remain virtually
constant (moving from $137.30 to $140.75),
and their share of total costs falls. The dif-
ference is more severe for dependence: the
addition of drug and psychoses diagnoses
increase expected inpatient costs from
$2,227.27 to $3,931.93, but reduce expected
outpatient costs from $154.05 to $50.84.

Conclusions and Observations

This study provides a unified framework
for estimating alcoholism treatment loca-
tion, short-term alcoholism treatment costs,
and the associated effects. The method in-
volves the two-stage modeling of treatment
location and treatment costs, with specific
attention directed toward the characteriza-
tion of comorbidities occurring jointly with
alcoholism treatment.

The two-stage analysis identified several
variables that are related to the costs of alco-
hol treatment only through their influence
on the choice of a treatment location. A
diagnosis of dependence, psychiatric and
drug comorbidities, and the initiation of alco-
holism treatment early in the study period
all increase the likelihood of inpatient treat-
ment, with its higher costs. Once in a treat-
ment branch (some-inpatient or outpatient-
only) these variables have little effect on
cost.

These findings point to the need for fur-
ther research about how the diagnosis of co-
morbidity and type of alcohol problem
(abuse vs. dependence) is related to deci-
sions about the location of care. Two hypoth-
eses might be considered. First, a history of
mental illness and drug problems may, in
itself, encourage providers to hospitalize pa-
tients. For example, the National Associa-
tion of Private Psychiatric Hospitals® lists
social and personal instability and psychiat-
ric problems as criteria for inpatient treat-
ment for alcoholism. The outpatient setting,
on the other hand, is more appropriate for
persons with stable social and personal
characteristics.

SHORT-TERM ALCOHOLISM TREATMENT COST FACTORS

A second hypothesis is that comorbidities
are more likely to be diagnosed as part of the
treatment when hospitalized than when re-
ceiving outpatient care. With opportunities
to observe patients 24 hours a day, a well-
trained hospital staff may identify symp-
toms not recognized in outpatient treatment
that involves fewer hours of observation.
Comorbidities may also represent transient
symptoms associated with acute intoxication
stages of inpatient treatment®? that are less
likely to occur during outpatient treatment.

Our results confirm that the type of alco-
hol problem is a major contributing factor to
treatment costs through its association with
treatment location. An alcohol dependence
diagnosis is much more likely to be asso-
ciated with inpatient treatment and thus
with higher treatment costs. A mental dis-
order and/or drug abuse comorbidity with
the alcoholism have additional impact on
this relationship. Such comorbidities,
through their joint impacts on treatment lo-
cation and subsequent costs, increase ex-
pected alcoholism treatment costs by as
much as 72% to 88% (depending on the co-
morbidity) for abuse, and 22% to 28% (from
a much higher base) for alcohol depen-
dence.

It is important to disaggregate an analysis
by the type of alcohol problem, abuse or de-
pendence. Failing to disaggregate can lead to
incorrect inferences about the overall costs
of treatment. In the short term covered by
this analysis, abuse has slightly decreasing
average costs and dependence has slightly
increasing average costs. Treating depen-
dence and abuse as one category would
imply mistakenly that all alcoholism treat-
ment leads to increasing average costs when
this is not true for abuse.

It is surely not surprising that treatment
for dependence is considerably more costly
than treatment for abuse. The location deci-
sion is most heavily influenced by this diag-
nosis; abuse implies outpatient treatment
only, whereas dependence is more likely to
require some-inpatient treatment. Not only
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is the dependence (and by implication, inpa-
tient) treatment more costly, but the inpa-
tient costs also increase at higher rates than
do outpatient costs. These findings alone are
reason to urge that, where severity of the
condition permits, outpatient settings be
substituted for inpatient settings.

Comorbidities raise the probability of
both inpatient treatment and of increased
treatment costs. Starting with abuse or de-
pendence, comorbidities increase costs by
between $500 and $1,500 for the 6-month
period alone. Research in progress addresses
whether the comorbidities increase costs for
same-period nonalcoholism treatment and /
or subsequent alcoholism and nonalcoho-
lism treatment. It also considers the comor-
bidity-related linkages between the inci-
dence and costs of short-term and long-term
treatment.
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Appendix A. The Two Stage Estimation of Treatment Location and Treatment Costs

The two-stage estimation model is written as follows:

f=aM+ ¢

D = B8,Vy + B;M + ¢
Ep = 6,V + 0,V,V, + 6;M + ¢
E = Vo + OV 4 6VoV, + EM + ¢,

(A1)
(A.2)
(A.3)
(A4)

The major econometric problem here involves the possible correlation of
error term ¢;, from the selection equation, with error terms ¢,, ¢;, or ¢,.
Heckman’s well-known exposition notes that failure to address this prob-
lem can lead to biased estimation of parameters in the second stage of the
analysis, and provides a method to address the selection bias problem. We
use his method as discussed in Maddala® in testing for such selection bias.
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Appendix B. Variable Glossary

Selection factor

Intercept

Number of inpatient visits for alcoholism treatment in study
period.

Number of inpatient visits squared.

Number of outpatient visits for alcoholism treatment in
study period.

Number of outpatient visits for alcoholism treatment in
study period squared.

Product of inpatient and outpatient visits for alcoholism
treatment in study period.

Type of alcohol problem during study period. 0 = Depen-
dence (ICD-9 303) or Alcoholic Psychosis (ICD-9 291); 1 =
only alcohol abuse (ICD-9 305.0).

Number of hospital days for alcoholism treatment during
study period.

Average number of days per hospital stay for alcoholism
treatment.

Chronological 6-month period (1-15) from January 1, 1980
to July 1, 1987 of first alcoholism treatment.

Drug diagnoses (ICD-9 292, 304, 305.1-305.9) at any time
during study period.

Nondrug or nonalcoholic psychosis (ICD-9 290, 293-299)
at any time during study period.

Other mental disorder diagnosis at any time during study
period.

Chronic liver disease and cirrhosis (ICD-9 571) at any time
during study period.

Other alcoholic-related diagnoses (ICD-9 265.2, 357.5,
425.5, 535.3, 572.3) during study period.

Age at first alcoholism treatment in study period.

1 = Male, 0 = Female

Employee segment: 1 = Wage, 0 = Salary
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