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Abstract This study examines the changes in marginal

revenue during psychiatric inpatient stays in a large Swiss

psychiatric hospital after the introduction of a mixed

reimbursement system with tariff rates that vary over

length of stay. A discrete time duration model with a dif-

ference-in-difference specification and time-varying coef-

ficients is estimated to assess variations in policy effects

over length of stay. Among patients whose costs are fully

reimbursed by the mixed scheme, the model demonstrates a

significant effect of marginal revenue on length of stay. No

significant policy effects are found among patients for

whom only health insurance rates are delivered as mixed

tariffs and government contributions are made retrospec-

tively. The results indicate that marginal revenue can affect

length of stay in inpatient psychiatry facilities, but that the

reduction in marginal revenue must be sufficiently large.
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Introduction

The use of prospective payment systems for inpatient

psychiatry is increasing internationally. Prospective pay-

ment systems reimburse care by predetermined rates

regardless of actual costs. In inpatient care, prospective

payment systems typically include a patient classification

system and per-case payments to establish incentives for

the efficient provision of care. Patient classification sys-

tems aim to form homogeneous cost groups with tariff rates

close to actual costs to reduce incentives for the under- or

over-provision of services to patients with above or below

average costs. Per-case payments are intended to reduce

length of stay by decreasing marginal revenue per inpatient

day. A disadvantage of per-case payments is that they

deviate more from the actual cost per episode than rev-

enues from a per diem system, which are adjusted for

observed length of stay. The introduction of a per-case

reimbursement system thus creates a trade-off between the

accuracy of tariff rates and incentives to reduce the average

length of stay. The accuracy of tariff rates is a critical issue

in inpatient psychiatry, in which length of stay varies

substantially within cost groups [1–6].

Many studies have investigated the effect of per-case

payment on length of stay in inpatient psychiatry (for a

review see Chalkley and Malcomson [7]). The early results

stem from evaluations of the U.S. Medicaid and Medicare

payment reforms. Frank and Lave [8] explored variations

in the manner in which state Medicaid programs reim-

bursed psychiatric care between 1981 and 1984. They

found that the average length of a stay in inpatient psy-

chiatry was lower under per-case prospective payment

systems than with cost-based reimbursement. Freiman

et al. [9] documented a reduction in the length of stay for

psychiatric patients treated in acute care hospitals after the

1984 Medicare prospective payment reform. The effect,

which was greatest during the first months of the new

system, began before it even came into effect, indicating

anticipatory behavior by hospitals. An evaluation of the
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and McGuire [10] showed significant reductions in the

average length of stay of psychiatric patients, but increased

length of stay for short episodes. The authors interpreted

this result as evidence of quality competition among hos-

pitals for profitable patients, as postulated by Dranove and

White [11]. A second explanation for the increase in length

of stay for short episodes was provided by Norton et al.

[12], who analyzed the responsiveness of length of stay to

changes in marginal and average revenue per inpatient day

in the cross-section. Their results suggest that providers of

inpatient psychiatric care did not respond to changes in

marginal revenue, but only to changes in average revenue

per inpatient day, which was higher for short episodes. The

absence of a marginal price effect has important policy

implications: it means that a switch from per diem to per-

case reimbursement reduces the accuracy of the tariff rates

and leads to over- and under-treatment, but does not nec-

essarily establish incentives to reduce average length of

stay.

This study examines the decrease in marginal revenue

after the switch from a per diem system to a mixed reim-

bursement system in a large psychiatric hospital in the

Swiss canton of Zurich. The evaluated mixed system

consists of a high per diem rate during the first 5 days of a

stay, a per-case payment on day 6, and a low per diem rate

thereafter. The objective of this study is to test whether the

payment reform affected length of stay by altering the

marginal or average revenue per inpatient day.

Background

During the observation period of this study (between 2008

and 2011), the cost of inpatient psychiatric care in the

Swiss canton of Zurich was assumed in roughly equal

amounts by private health insurance companies and the

government. Prior to 2009, health insurance companies

paid their share of the cost in the form of per diem rates,

which differed among hospitals, resulting from negotia-

tions between hospitals and health insurance companies. At

that time, the delivery mode for government contributions

depended on the patient’s canton of residence. The canton

of Zurich made retrospective annual payments to hospitals;

however, other cantons reimbursed the costs of their resi-

dents who were treated in the canton of Zurich in the form

of per diem rates.1 These tariff rates from other cantons

were intended to cover the expected cost per inpatient day

after subtracting health insurance rates. At the time of this

study, no patient classification system has been

implemented.

In 2009, the health administration of the canton of

Zurich introduced a mixed reimbursement system to the

state-run Psychiatric University Hospital of Zurich (here-

after, ‘‘intervention hospital’’) while all other hospitals in

the canton of Zurich (hereafter, ‘‘comparison hospitals’’)

remained in the traditional per diem system.2 In the new

mixed system, tariff payments made by health insurance

companies consisted of a high per diem rate for the first 5

days of a stay, a per-case payment on day 6, and a low per

diem rate for subsequent days (Table 1).3 The canton of

Zurich continued to make retrospective global payments

based on the deficits of the prior year. However, govern-

ment contributions for stays of residents from other cantons

were also delivered in the form of a mixed tariff, with a

per-case payment on day 6 and a low per diem rate

thereafter. As a consequence, the costs of residents from

the canton of Zurich were reimbursed using mixed health

insurance rates and retrospective government contributions

1 Between 2008 and 2011, the following cantons had reimbursement

agreements with the canton of Zurich that allowed their residents to

be treated in Zurich hospitals: Appenzell-Innerhoden, Appenzell-

Auserrhoden, Glarus, Graubünden, St. Gallen, Schaffhausen, Thur-

gau, and Zug. Patients from other cantons or from abroad had to pay

the government share themselves.
2 According to staff of the health administration of the canton of

Zurich the intervention hospital was selected because it was a state

run hospital and because it treated a typical patient population. The

comparison group also included state-run hospitals.
3 As an example, a stay of 20 days in the intervention hospital was

reimbursed by health insurance with 20� 309 ¼ 6180 in 2008, and

3062þ 5� 356þ 15� 217 ¼ 8097 in 2009.

Table 1 Reimbursement rates (CHF) for stays in the Psychiatric University Hospital Zurich by canton of residence

Year 2008 2009 2010 2011

Per diem Per diem Per-case Per diem Per-case Per diem Per-case

Days 1–60 60? 1–5 6? 6 1–5 6? 6 1–5 6? 6

Health insurance

Zurich and non-Zurich residents 309 217 356 217 3062 374 228 3218 374 228 3218

Government contributions

Zurich residents Annual payment Annual payment Annual payment Annual payment

Non-Zurich residents 494 321 541 329 4658 585 370 5059 585 370 5059
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while the costs of residents from other cantons were fully

reimbursed by the mixed scheme.

In the comparison hospitals, health insurance companies

reimbursed the cost of care in the form of per diem rates for

the entire observation period of this study. Hospitals with a

reimbursement agreement received government contribu-

tions from the canton of residence of each patient. Hospi-

tals without reimbursement agreements did not receive

government contributions. The delivery mode of the gov-

ernment contributions made to comparison hospitals was

dependent on the canton of residence of each patient. The

canton of Zurich made annual payments while government

contributions by other cantons were delivered as per diem

rates. Tariff rates and government contributions differed

among comparison hospitals due to negotiations between

the hospitals, health insurance companies, and the canton

of Zurich.

Hypotheses

According to Cutler [13], a switch from cost-based to

prospective payment can affect length of stay by altering

the marginal and average revenue per inpatient day. The

decrease in marginal revenue alone creates an incentive for

the provider to reduce length of stay because each inpatient

day increases cost, but not revenue. Such a marginal price

effect only occurs if physicians have preferences for hos-

pital profit [14–16]. A second mechanism through which

per-case payment can affect length of stay is average rev-

enue per inpatient day or, equivalently, total revenue per

episode. An average price effect occurs when physicians

have preferences for medical benefit of their patients and

use the available resources to maximize the quality of care

under the constraint of non-negative profits. Physicians,

who are imperfect agents of their patients, react to changes

in marginal revenue because these changes affect the utility

maximizing length of stay, and they react to changes in

average revenue because these changes determine the

maximum length of stay associated with non-negative

hospital profit. In this model, a change in average revenue

affects an imperfect agent’s choice only if the profitability

constraint is binding, i.e. if the maximum affordable length

of stay is shorter than the agent’s utility-maximizing

choice.

The research question of this study is whether the switch

from per diem to mixed reimbursement affected length of

stay in the intervention hospital by altering the marginal or

average revenue per inpatient day. The payment reform left

the revenue during the first 5 days essentially unchanged.

On day 6, the per-case payment increased the average

revenue per inpatient day while the reduction in per diem

rates decreased the marginal revenue. Total revenue per

episode increased on day 6, but was lower than in the old

per diem system after 36 or 40 days, depending on the

canton of residence.4 In a homogeneous patient population,

with a constant marginal cost per inpatient day, a per diem

tariff must yield non-negative profits for an infinite number

of days to allow the provision of a positive amount of care

without losses. This assumption suggests that the prof-

itability constraint was not binding before the reform and

its loosening did not affect length of stay. Therefore, I do

not expect the increase in average revenue between days 6

and 36 (or 40) to affect length of stay in this interval, but

only later, when the profitability constraint was tighter than

it was previously. However, the decrease in average rev-

enue after day 36 (or 40) did not necessarily increase the

incentive to discharge patients because the profitability

constraint was relaxed by retrospective government

financing. Because the government of the canton of Zurich

covered the deficits from the treatment of both Zurich and

non-Zurich residents, the opportunity to treat a patient who

yielded a negative profit did not depend on the canton of

residence. However, the marginal price effect should not be

affected by retrospective government financing because a

decrease in marginal revenue per inpatient day reduces the

utility maximizing length of stay regardless of total profit.

Based on the information provided above, I hypothesize

that the introduction of the mixed Zurich system produced

the following effects:

• Marginal price effect the decrease in marginal revenue

on day 6 increases the probability of discharge.

• Average price effect the decrease in average revenue

after day 36 (non-Zurich residents) or day 40 (Zurich

residents) increases the probability of discharge.

• Heterogeneity in response the effects of the payment

reform are larger among non-Zurich residents, for

whom both the health insurance rates and government

contributions were subject to the reform.

Empirical strategy

This study exploits the introduction of the mixed Zurich

system in only one hospital; all other hospitals remained in

the traditional per diem system. The unaffected hospitals

serve as a comparison group to control for a counterfactual

situation in a difference-in-difference framework. Because

the marginal and average price effects of the payment

4 An episode of a non-Zurich resident of 36 days was reimbursed by

health insurance and the government with 36� 803 ¼ 28;908 in

2008, and with 7720þ 5� 897þ 31� 546 ¼ 29;131 in 2009. The

revenue from health insurance for a stay of a Zurich resident of 40

days was 40� 309 ¼ 12;360 in 2008, and 3062þ 5� 356þ 35�
217 ¼ 12;437 in 2009.
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reform are expected to manifest at different time points

during inpatient stays, a duration model with time-varying

coefficients is estimated. A change in the shape of the

hazard curve over specified intervals is regarded as evi-

dence of a marginal or average price effect.

Because the length of stay (los) of psychiatric patients is

recorded in discrete intervals of days, a discrete time

duration model is estimated. The discrete time hazard rate

kðtÞ is defined as the conditional probability that an event

would occur during time period t, given that it had not yet

occurred [17].

hðtÞ ¼ Pðlos ¼ tjlos� tÞ ð1Þ

The hazard rate h(t) can be estimated as the probability of

discharge Pðdischarget ¼ 1Þ at time t by a discrete choice

model in a dataset containing one observation per inpatient

day. The dependent binary variable (discharget) indicates

whether a patient is discharged on day t. A link function

specifies the dependence of the hazard on predictors and

time. Commonly used link functions for discrete time

duration models are probit, logit, and complementary log–

log. This study uses the complementary log–log specifi-

cation, as shown in Eq. (2), which is the discrete time

counterpart of continuous time proportional hazards mod-

els [18]. Complementary log–log models are a popular

choice for grouped continuous time variables because the

coefficients are the same as the coefficients from the cor-

responding continuous time proportional hazards model

[19, 47], and the coefficients are invariant to the length of

the discrete time intervals [20]. Complementary log–log

models invoke the proportional hazards assumption,

whereas logit models depend on the proportional odds

assumption, which is less well integrated into the survival

time theory. Although logit and complementary log–log

functions yield similar results when hazards are low, a logit

link is also tested in sensitivity analyses.

To test the formulated hypotheses, each inpatient epi-

sode is characterized by predictors of the hazard rate during

time period t. Let Di be a binary variable indicating whe-

ther an episode was recorded at the intervention hospital,

and let Ti be an indicator of admission during the post-

intervention period (after January 1, 2009). The interaction

term DiTi captures the exposure to the payment reform.

Because this study focuses on the effect of the mixed

Zurich system on the shape of the hazard function, the

treatment effect is allowed to vary over length of stay using

an interaction term between the DiTi term and interval

dummies I6þ, I36þ, I40þ and I60þ; in accordance with the

proposed hypotheses, the interval dummies indicate whe-

ther an inpatient day is observed later than day 6, day 36,

day 40, or day 60, respectively. With such a backward

difference coding, the treatment effect in an interval is

compared with the effect in the prior interval. This model

describes the effect of the payment reform on within-spell

variation in the hazard rate, not only a proportional shift.

Indicator variables for hospitals in the comparison group

Hi and indicators of the quarter of admission Qi counted

from January 1, 2008, are used to control for hospital and

quarterly fixed effects. The time dependence of the prob-

ability of discharge is controlled for by piecewise constant

baseline hazards Bt. The piecewise baseline hazards are

estimated in daily intervals for the first 2 weeks, in 2-day

intervals during days 15–28, in weekly intervals between

days 29 and 63, in monthly intervals from day 64 to day

183, and in quarters thereafter.

Pðdischarget ¼ 1Þ ¼ 1� e�egð�Þ

gð�Þ ¼ atBt þ bHi þ cQi þ dDi þ eTi þ gtIt þ htItDi þ jtItTi
þ kDiTi þ ltItDiTi ð2Þ

In this non-linear difference-in-difference model the marginal

price effect of the payment reform on the hazard rate is not

identified by the coefficient lt, but by its incremental effect

h1i ðtÞ� h0i ðtÞ at a given day [21]. Because the incremental

effect of lt on the hazard rate is only positive if lt is positive
one can still interpret the sign of the coefficient lt [22].

h1i ðtÞ ¼ 1� e�eat þ dþ eþ gt þ ht þ jt þ kþ lt

h0i ðtÞ ¼ 1� e�eat þ dþ eþ gt þ ht þ jt þ k
ð3Þ

The empirical model identifies the marginal and average

price effects of the payment reform by examining changes

in the shape of the hazard curve under the following

assumptions. The first assumption is that the shape of the

hazard curves in the intervention and comparison hospitals

would have similarly changed in the absence of the pay-

ment reform. Differing shapes of the hazard curves before

the policy reform and deviating trends in overall length of

stay do not affect the estimates as long as the shape of the

hazard curves follows a common trend. Under the common

trend assumption, an endogenous treatment assignment that

is based on pre-intervention outcomes also does not affect

the parameter estimates. Unfortunately, the assumption of a

common trend in the shape of the hazard curves cannot be

tested using only one pre-intervention year. However, it

seems plausible that the hazard curves would follow the

same general trend because all of the analyzed hospitals

operate in the same geographically small jurisdiction and

adhere to the same regulations.

The second critical assumption of the difference-in-

difference strategy is the absence of anticipatory responses

to the policy reform. The health administration of the

canton of Zurich announced the policy reform only four

months before it came into effect, making anticipatory

effects unlikely.
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The third assumption is that the marginal costs per

inpatient day were unaffected by the payment reform and

remained constant throughout the length of stay. If the

physicians had responded to the payment reform by

reducing the intensity of care, a decrease in marginal and

average revenue per inpatient day would not transform into

the same decrease in marginal and average profit per

inpatient day. The decrease in average revenue could create

incentives for physicians with preferences for patient

benefit to reduce marginal costs and maintain the length of

stay for patients who primarily need time in a protected

environment. However, the decrease in marginal revenue is

not expected to increase the incentive to reduce marginal

costs because physicians with preferences for hospital

profit could have increased the hospital profit by reducing

marginal costs even before the payment reform. Unfortu-

nately, the policy effects on marginal costs per inpatient

day cannot be examined because no data regarding these

costs of care are available.

If the marginal costs per inpatient day decreased over the

length of stay, the effects of the changes in marginal and

average revenue on marginal and average profit per inpatient

day would depend on the length of stay. When the patterns

of marginal costs over the length of stay differ between

patients, the payment reform could show heterogeneous

policy effects. However, the variation in the marginal costs

over the length of stay is not an obstacle to the identification

strategy of this study because a change in marginal and

average revenue transforms into an identical change in

marginal and average profit per inpatient day as long as the

patterns did not change after the payment reform.

The effects of the payment reform on the hazard rate can

be affected by three types of endogeneity. First, the inter-

vention hospital could have diverted more high-cost

patients to outpatient care or day care facilities. Such a

response would create a sample selection bias that cannot

be corrected because no information about these outpatient

or day care cases is available. Second, the intervention

hospital could have diverted high-cost patients to other

psychiatric hospitals. Altered patient selection leading to

shifts between hospitals is controlled for by using an

extensive set of patient characteristics as covariates in the

sensitivity analysis. Early discharges to other hospitals are

not excluded because patients cannot be identified across

hospitals and the focus of this study is on the incentives

created by the payment reform in the intervention hospital

regardless of each patient’s destination after discharge.

Third, the results may be affected by dynamic selection

because only those patients who remain hospitalized can

experience changes in marginal and average revenue. The

use of patients’ individual characteristics as covariates in

the sensitivity analysis should also control for the hetero-

geneity in the baseline hazard.

Data

The primary data source analyzed in this study is the

PSYREC registry, a database of all inpatient episodes in 13

psychiatric hospitals in the canton of Zurich between 2008

and 2012. The PSYREC registry contains information

about patient characteristics, diagnoses, therapies, and

clinical assessments of functioning and symptom severity.

The variable of interest in this study is the length of

psychiatric inpatient stays in days. Non-reimbursable

therapeutic leaves during a stay are not counted as days

spent in the hospital. The patient identification numbers in

the PSYREC registry allow the identification of readmis-

sions to the same hospital, but not to other hospitals.

Inpatient episodes in different hospitals, therefore, cannot

be attributed to specific patients.

Together with the mixed Zurich system, the health

administration of the canton of Zurich introduced a new

definition for treatment episodes in the intervention hos-

pital. Beginning on January 1, 2009, readmissions within

30 days after the last discharge from the intervention

hospital were reimbursed as a treatment continuation after

a non-reimbursable therapeutic leave. To allow a compar-

ison between the intervention hospital and the comparison

hospitals and to obtain a consistent picture over time, I

apply this definition to all the episodes in the dataset and

connect readmissions to the same hospital within 30 days

to the previous episode. This strategy leads to a reduction

in the number of spells and an increase in the average

length of stay compared with other publications using the

PSYREC registry data.

For this study, only data from patients 18 to 65 years of

age at admission were available. The sample includes only

completed spells of 365 days or less with an admission date

between February 1, 2008, and December 31, 2011. I do

not consider the period between January 1 and January 31,

2008, in this analysis to ensure that after recoding read-

missions within 30 days as continuations of previous stays,

all studied episodes begin during the observation period.

The year 2012 is excluded because hospital financing was

reformed in the entire country that year.

Results

Descriptive statistics

Between 2008 and 2011, there were 10,644 inpatient epi-

sodes that fulfill the inclusion criteria described in Sect. 5

in the intervention hospital and 24,794 inpatient episodes in

the comparison hospitals (Table 2). The intervention hos-

pital is a large provider of psychiatric inpatient care in the

canton of Zurich and provides care to approximately 30 %

Marginal revenue and length of stay in inpatient psychiatry 901
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Table 2 Mean values of explanatory variables before and after the payment reform in intervention and comparison hospitals

Pre-intervention (2008) Post-intervention (2009–2011)

Comparison

hospitals

Intervention

hospital

Comparison

hospitals

Intervention

hospital

Length of stay (days) 38.27 30.09 37.37 29.26

Zurich resident (%) 89.50 95.30 89.51 94.88

Age (years) 40.64 39.31 40.80 40.00

Female (%) 49.71 49.54 49.95 49.14

Married (%) 29.86 23.07 28.67 23.63

Foreign (%) 19.39 31.48 18.41 31.10

Education ¼ no education (%) 4.90 4.53 3.79 5.70

Education ¼mandatory schooling (%) 17.94 22.25 16.44 11.07

Education ¼ apprenticeship (%) 36.80 26.21 38.30 20.53

Education ¼ A-level degree (%) 3.17 6.14 3.57 4.59

Education ¼ higher professional education (%) 7.34 8.40 8.21 6.90

Education ¼ university degree (%) 5.52 5.57 6.43 6.86

Education ¼ unknown (%) 24.34 26.90 23.25 44.34

Working (full- or part-time) (%) 36.49 40.79 37.99 29.44

Supplementary hospital insurance (%) 11.56 4.18 12.60 4.17

Compulsory hospitalization (%) 6.45 1.39 4.04 5.93

Main diagnosis F0 (%) 1.45 1.31 1.43 1.81

Main diagnosis F1 (%) 33.17 20.72 30.73 19.41

Main diagnosis F2 (%) 16.54 24.34 15.58 27.30

Main diagnosis F3 (%) 26.44 18.59 28.37 23.31

Main diagnosis F4 (%) 12.61 15.45 14.74 16.29

Main diagnosis F5 (%) 0.95 0.65 0.76 0.29

Main diagnosis F6 (%) 6.37 10.62 6.84 10.05

Main diagnosis F7 (%) 0.64 0.30 0.52 0.52

Main diagnosis F8 (%) 0.10 0.04 0.06 0.20

Main diagnosis F9 (%) 1.73 7.97 0.97 0.81

CGIa ¼ 1 (normal, not at all ill) (%) 0.17 0.09 0.01 0.05

CGI ¼ 2 (borderline mentally ill) (%) 1.30 1.35 0.68 2.00

CGI ¼ 3 (mildly ill) (%) 5.36 3.40 2.92 5.68

CGI ¼ 4 (moderately ill) (%) 21.23 19.16 20.75 30.56

CGI ¼ 5 (markedly ill) (%) 42.27 47.58 47.38 41.64

CGI ¼ 6 (severely ill) (%) 16.14 19.85 17.78 14.60

CGI ¼ 7 (extremely ill) (%) 0.76 1.83 1.33 1.09

CGI ¼ not assessable (%) 3.67 6.75 4.83 4.37

CGI ¼ not rated (%) 9.10 0.00 4.32 0.00

Location after discharge ¼ home (%) 72.16 57.16 73.19 66.77

Location after discharge ¼ sheltered home (%) 10.55 12.28 10.38 12.74

Location after discharge ¼ psychiatric hospital (%) 5.92 3.70 4.48 3.98

Location after discharge ¼ rehabilitation hospital (%) 1.09 0.35 1.61 0.92

Location after discharge ¼ acute care hospital (%) 0.67 1.39 0.97 1.09

Location after discharge ¼ penal institution (%) 0.87 0.74 0.93 0.83

Location after discharge ¼ homeless (%) 1.56 1.92 1.60 1.82

Location after discharge ¼ other (%) 7.18 22.46 6.85 11.86

N 5780 2297 19,014 8347

a Clinical Global Impression Scale at admission
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of all psychiatric patients. The vast majority of the patients

treated in the included hospitals lived in the canton of

Zurich. In 2008, residents of the canton of Zurich consti-

tuted 95.30 % of the patients in the intervention hospital

and 89.50 % in the comparison hospitals.

The average length of stay was shorter in the intervention

hospital than in the comparison hospitals during the entire

observation period, although it followed a similar trend

(Fig. 1). Both groups exhibited an increase from 2008 to

2009, followed by a steady decline until 2011. Compared

with the year 2008, the average post-intervention length of

stay was 0.83 days shorter in the intervention hospital and

0.90 days shorter in the comparison hospitals (Table 2).

The observed density of length of stay exhibited a dif-

ferent pattern in the intervention hospital than in the

comparison hospitals (Fig. 2). A much greater proportion

of patients were discharged from the intervention hospital

during the first 5 days of hospitalization. The peak on day 5

shown in Fig. 2 can be explained by the standard ‘‘crisis

intervention’’ package, which lasts for exactly 5 days,

provided in the intervention hospital. The higher proportion

of episodes lasting 2, 3, or 4 days could be a consequence

of early discharges from crisis intervention. Unfortunately,

the data does not allow to identify cases treated using crisis

intervention. However, in the regression analysis, the initial

difference in the shape of the hazard curves between the

intervention and comparison hospitals is controlled for

using piecewise constants and should not pose a threat to

the empirical approach of this study. In addition, the use of

individual characteristics as covariates in the sensitivity

analysis controls for the differing patient populations in the

intervention and comparison hospitals.

In 2008, the patient populations of the intervention and

comparison hospitals exhibited different characteristics.

The intervention hospital accommodated more patients of

foreign nationalities, fewer patients with supplementary

private insurance plans and fewer patients undergoing

compulsory hospitalization. The proportions of cases of

psychotic disorders (ICD-10 F2) and disorders in childhood

and adolescence (ICD-10 F9) were higher, and the pro-

portion of cases of affective disorders (ICD-10 F3) was

lower than in the comparison hospitals. The intervention

hospital has a long tradition in the treatment of

schizophrenia and still specializes in this field.

The descriptive statistics presented in Table 2 also

reveal some changes in the patient population of the

intervention hospital between the pre- and post-interven-

tion periods. The proportion of patients with mandatory

schooling decreased from 22.25 to 11.07 %, and the pro-

portion of patients with an apprenticeship declined from

26.21 to 20.53 %. These reductions in the number of

patients with low educational status accompany an increase

in the number of records with unknown educational status

from 26.90 to 44.34 %. The proportion of patients with a

paid job decreased from 40.79 to 29.44 % in the inter-

vention hospital, but increased slightly from 36.49 to

37.99 % in the comparison hospitals. After the payment

reform the combined proportion of patients with a main

diagnosis of a psychotic (ICD-10 code F2) or affective

disorder (ICD-10 code F3) increased from 42.93 to

50.61 %, while the proportion of patients with a disorder

occurring in childhood and adolescence (ICD-10 F9)

decreased from 7.97 to 0.81 %. The intervention hospital

appears to have become even more specialized in the

treatment of schizophrenia than before the payment reform.

The frequency of patients undergoing compulsory hospi-

talization increased markedly from 1.39 to 5.93 % in the

intervention hospital but decreased from 6.45 to 4.04 % in

the comparison hospitals. The illness severity at admission,

which was measured using the Clinical Global Impression

Scale (CGI), shifted toward lower severity in the inter-

vention hospital.
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Some of the observed changes in patient characteristics

may be the consequence of revised coding practices. The

lower severity ratings, the higher proportion of jobless

patients, and the altered distribution of main diagnoses,

however, may indicate altered patient selection after the

switch from per diem to mixed reimbursement. A model

with covariates from Table 2 is, therefore, estimated to

examine the effects of compositional changes in the patient

population. The increase in the number of compulsory

hospitalizations is unlikely to be a consequence of altered

patient selection because these admissions are primarily

initiated by an adult protection authority representative

who also has input into the decisions regarding the

patient’s discharge.

Regression results

A regression analysis is used to test whether the payment

reform changed the shape of the hazard curve over the

length of stay in the intervention hospital. The coefficient of

the interaction term treat� post gives a difference-in-dif-

ference estimate of the policy effect on the probability of

discharge during the first 5 days of inpatient episodes. This

coefficient alone cannot be interpreted in a non-linear model

because the marginal effect of the payment reform in this

interval depends on the expected outcome of each patient

and is not constant across the treated group [21, 22]. The

coefficient of the multiple interaction treat� post� I6þ
indicates the increase in the treatment effect after day 6

compared with the first 5 days. This coefficient demonstrates

how the payment reform changed the shape of the hazard

curve on day 6. The positive coefficient of 0.6322

(p \ 0:005) in the group of non-Zurich residents is inter-

preted as evidence of a marginal price effect of the payment

reform on length of stay. In the group of Zurich residents,

however, this coefficient is close to zero and shows no

marginal price effect. The coefficients of the interaction

terms treat� post� I40þ (Zurich residents) and treat�
post� I36þ (non-Zurich residents) indicate whether the

probability of discharge increased after day 40 or day 36

compared with the earlier days of inpatient episodes, which

could be interpreted as an average price effect. The analysis

does not reveal a significant change in the treatment effect in

this time interval, thus providing no evidence of an average

price effect. The decrease in the probability of discharge

after day 60 does not necessarily represent an effect of the

mixed tariff system because the per diem rates in the com-

parison hospitals and the pre-intervention rates in the

intervention hospital also decreased after day 60 (Table 1).

A prediction of the hazard functions of the post-inter-

vention episodes in the intervention hospital and the

counterfactual functions of the same episodes, without the

treatment effect, allow a graphical representation of the

regression results (Fig. 3). For this exercise, I simulate the

treatment effect for the second quarter of 2009, which had

the smallest quarterly fixed effect. The hazard curves of

Zurich residents are predicted to be essentially unaffected

by the policy reform. The hazard curves of non-Zurich

residents, however, exhibit a pronounced change in shape.

Robustness tests

The robustness tests that are performed include a specifi-

cation with covariates, a comparison between the com-

plementary log–log function and the logit link function,

and two subgroup analyses. The short pre-intervention

period does not allow a test of the vital common trend

assumption. A finer temporal resolution would provide too

few observations per period, particularly in the group of

non-Zurich residents.
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Fig. 3 Predicted hazard functions of post-intervention spells in the intervention hospital vs. counterfactual hazard functions. a Zurich residents.

b Non-Zurich residents
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Model with covariates

A model with covariates is estimated to determine

whether the results are influenced by compositional

changes in the patient populations or by dynamic selec-

tion over length of stay. When the patient characteristics

listed in Table 2 are controlled for, the standard errors in

the non-Zurich sample become smaller, and the sizes of

the coefficients increase slightly (Table 3). The

coefficient of the interaction term treat � post� I6þ,
however, does not change considerably, indicating that

the base case results are not biased by patient selection

or by ‘‘spurious’’ duration dependence because of unob-

served heterogeneity [23, p. 64]. Unfortunately, the effect

of unobserved heterogeneity cannot be tested using a

complementary log–log model with gamma frailty

because the likelihood function cannot be maximized in

specification (2).

Table 3 Regression results
Full sample Zurich residents Non-Zurich residents

Coef. p-value Coef. p-value Coef. p-value

Complementary log–log link function, without covariates

Treat� post �0.0188 0.7486 �0.0009 0.9877 �0.2890 0.1694

Treat� post� I6þ 0.0572 0.4279 0.0230 0.7558 0.6322�� 0.0281

Treat� post� I36þ 0.1278 0.4496 0.1952 0.6791

Treat� post� I40þ �0.2422 0.1901 �0.1099 0.2613

Treat� post� I60þ 0.0484 0.6612 0.0883 0.4379 �1.1748�� 0.0393

Hospital fixed effects Yes Yes Yes

Quarterly fixed effects Yes Yes Yes

Covariates No No No

Log-likelihood �157,656 �143,160 �14,192

Spells 35,438 32,302 3136

Inpatient days 1,209,650 1,076,817 132,833

Complementary log–log link function, with covariates

Treat� post �0.1240�� 0.0351 �0.1088� 0.0760 �0.3714� 0.0809

Treat� post� I6þ 0.0787 0.2754 0.0411 0.5788 0.6546�� 0.0235

Treat� post� I36þ 0.1123 0.5066 0.4210 0.3733

Treat� post� I40þ �0.2413 0.1918 �0.1280 0.1906

Treat� post� I60þ 0.0486 0.6600 0.1001 0.3795 �1.4640�� 0.0109

Hospital fixed effects Yes Yes Yes

Quarterly fixed effects Yes Yes Yes

Covariates Yes Yes Yes

Log-likelihood �155,587 �141,190 �14,011

Spells 35,438 32,302 3136

Inpatient days 1,209,650 1,076,817 132,833

Logit link function, without covariates

Treat� post �0.0196 0.7455 �0.0010 0.9877 �0.2982 0.1769

Treat� post� I6þ 0.0587 0.4283 0.0234 0.7579 0.6471�� 0.0301

Treat� post� I36þ 0.1295 0.4496 0.1972 0.6801

Treat� post� I40þ �0.2456 0.1897 �0.1115 0.2608

Treat� post� I60þ 0.0485 0.6644 0.0889 0.4404 �1.1955�� 0.0387

Hospital fixed effects Yes Yes Yes

Quarterly fixed effects Yes Yes Yes

Covariates No No No

Log-likelihood �157,661 �143,165 �14,191

Spells 35,438 32,302 3136

Inpatient days 1,209,650 1,076,817 132,833

* p\0.10, ** p\0.05, *** p\0.01

Marginal revenue and length of stay in inpatient psychiatry 905

123



Alternative link function

The complementary log–log link function seems particu-

larly appropriate for the problem at hand because the

dependent variable is a grouped continuous time variable

[19]. An alternative specification with a logit link function

is estimated to examine whether the results are sensitive to

the choice of the link function. As shown in Table 3, this is

not the case; the results are similar in both estimations.

Subgroup analyses

The results of this study are in contrast to the findings of

Norton et al. [12], who did not find a marginal price effect

among patients with schizophrenia and affective disorder.

A subgroup analysis by main diagnosis at discharge could

reveal whether this selection of patients could explain some

of the differences between my results and those of Norton

et al. [12]. Indeed, the estimation among non-Zurich resi-

dents with psychotic and affective disorders (ICD-10 codes

F2 and F3) produces smaller coefficients for the shift after

day 6, indicating that the marginal price effect is weaker in

this patient group (Table 4).

A second subgroup analysis by the severity of illness,

measured using the global clinical impression (CGI) at

admission as a proxy for cost per day, is performed.5

Patients with scores between 1 and 4 are classified as

moderate cases, and those with scores above 5 are consid-

ered to be severe cases. According to the model estimates in

Table 5 and the graphs in Fig. 4, the marginal price effect

among non-Zurich residents is stronger in moderately ill

patients. This result indicates that the payment reform does

not disproportionately affect patients with greater needs.

Discussion

At a time when many countries are implementing

prospective payment systems for inpatient psychiatry, this

study produced some interesting policy-related findings.

The results indicate that the marginal revenue per inpatient

5 The CGI rating is an overall assessment of symptom severity by the

treating physician; its scores range from 1 (normal, not at all ill) to 7

(extremely ill).

Table 4 Complementary log–

log estimates by diagnostic

group

Full sample Zurich residents Non-Zurich residents

Coef. p-value Coef. p-value Coef. p-value

Schizophrenia and affective disorder (F2, F3)

Treat� post �0.0078 0.9408 �0.0132 0.9047 �0.1309 0.7161

Treat� post� I6þ 0.1464 0.2396 0.1483 0.2483 0.3392 0.4502

Treat� post� I36þ 0.2762 0.2268 �0.0248 0.9660

Treat� post� I40þ �0.4172� 0.0903 �0.1504 0.2611

Treat� post� I60þ �0.0234 0.8706 0.0190 0.8977 �0.9066 0.2219

Hospital fixed effects Yes Yes Yes

Quarterly fixed effects Yes Yes Yes

Covariates No No No

Log-likelihood �73,894 �66,951 �6776

Spells 16,052 14,543 1509

Inpatient days 625,824 565,785 60,039

Other diagnoses (F0, F1, F4–F9)

Treat� post 0.0297 0.6740 0.0521 0.4776 �0.1896 0.4728

Treat� post� I6þ �0.0186 0.8358 �0.0733 0.4237 0.6401 0.1082

Treat� post� I36þ �0.1648 0.5164 0.6536 0.4331

Treat� post� I40þ �0.0405 0.8854 �0.1951 0.1819

Treat� post� I60þ 0.1523 0.3840 0.1958 0.2777 �1.4350 0.1332

Hospital fixed effects Yes Yes Yes

Quarterly fixed effects Yes Yes Yes

Covariates No No No

Log-likelihood �82,819 �75,304 �7335

Spells 19,386 17,759 1627

Inpatient days 583,826 511,032 72,794

* p\0:10, ** p\0:05, *** p\0:01
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day can affect length of stay and that a switch from per

diem to per-case or mixed reimbursement can reduce

length of stay even if the average revenue remains similar.

A significant change in the shape of the hazard curve is

found only for the subgroup of non-Zurich residents, for

whom the payments by both the health insurance compa-

nies and the government were delivered as mixed tariff

rates. No effect is found in the subgroup of Zurich residents

for whom only health insurance rates were subject to the

payment reform, and government contributions were

delivered as retrospective annual payments based on

accumulated losses. The difference between the Zurich and

non-Zurich residents suggests that the decrease in marginal

revenue must be sufficiently large to establish incentives to

reduce length of stay. A small change in marginal revenue

may not be a strong incentive, for example, when the

management and optimization of patients’ length of stay is

costly. Another possible explanation for the heterogeneity

in response is that simultaneous retrospective government

financing could function as a disincentive for improving

operational efficiency. The retrospective government

financing mechanism may also be responsible for the lack

of evidence of an average price effect because this mech-

anism allows hospitals to make negative profits if they have

medical motives for treating patients longer than the tariffs

allow.

The subgroup analysis produces larger estimates of the

marginal price effect among moderately ill non-Zurich

residents and smaller estimates among the severely ill. A

stronger marginal price effect among the less severe cases

suggests that the motive to make a financial profit is

stronger in the treatment of moderately ill patients, whereas

the motive to create medical benefit is relatively stronger in

the treatment of severely ill patients. This interpretation

could allay concerns that a switch to a prospective payment

system particularly harms patients with greater needs.

This study also reveals differences between diagnostic

subgroups. The estimated effect of the decrease in marginal

revenue is smaller among the patients with psychotic (ICD-

10 F2) and affective (ICD-10 F3) disorders. If this obser-

vation is generally valid, it might explain the difference

between the results of this study and those of Norton et al.

Table 5 Complementary log–

log estimates by severity of

illness

Full sample Zurich residents Non-Zurich residents

Coef. p-value Coef. p-value Coef. p-value

Severe cases (CGIa ¼ 5, 6, 7)

Treat� post �0.1560� 0.0561 �0.1410� 0.0968 �0.3927 0.1901

Treat� post� I6þ 0.1047 0.2801 0.0749 0.4512 0.5114 0.1810

Treat� post� I36þ 0.1558 0.4188 0.1735 0.7441

Treat� post� I40þ �0.1942 0.3571 �0.0389 0.7365

Treat� post� I60þ 0.0474 0.7103 0.0893 0.4969 �0.3328 0.6149

Hospital fixed effects Yes Yes Yes

Quarterly fixed effects Yes Yes Yes

Covariates No No No

Log-likelihood �102,616 �93,502 �8933

Spells 22,438 20,491 1947

Inpatient days 840,137 757,010 83,127

Moderate cases (CGI ¼ 1, 2, 3, 4)

Treat� post �0.0628 0.4971 �0.0560 0.5605 �0.0837 0.8066

Treat� post� I6þ 0.0121 0.9212 �0.0398 0.7518 1.0470�� 0.0444

Treat� post� I36þ 0.3202 0.4734 0.6559 0.5773

Treat� post� I40þ �0.2375 0.6277 0.0683 0.7719

Treat� post� I60þ �0.1998 0.5138 �0.0095 0.9760 �5.5227��� 0.0003

Hospital fixed effects Yes Yes Yes

Quarterly fixed effects Yes Yes Yes

Covariates No No No

Log-likelihood �40,100 �37,351 �2652

Spells 10,002 9331 671

Inpatient days 231,075 213,433 17,642

aClinical Global Impression Scale at admission

* p\0:10, ** p\0:05, *** p\0:01
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Fig. 4 Predicted hazard functions of post-intervention spells in the

intervention hospital vs. counterfactual hazard functions by severity

of illness. a Full sample: severe cases. b Full sample: moderate cases.

c Zurich residents: severe cases. d Zurich residents: moderate cases.

e Non-Zurich residents: severe cases. f Non-Zurich residents:

moderate cases
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[12], who did not find evidence of a marginal price effect.

One possible interpretation of the effect heterogeneity

across diagnostic subgroups is quality competition for

profitable patients. Because the intervention hospital spe-

cializes in the treatment of psychotic disorders, it may be

more efficient in the treatment of these cases and could

respond less markedly to the payment reform compared

with cases of other diagnostic groups.

The heterogeneity of the effects underlines the need for

an accurate patient classification in prospective payment

systems. Considering that per-case payments come at the

price of a higher deviation of tariff rates from actual costs,

the per-case component of a mixed tariff could be higher in

more homogeneous cost groups, in which the per-case

payments are closer to actual costs, and in moderately ill

patients, in which incentives for a reduction in length of

stay are more effective.

The empirical model uses variations in marginal and

average revenue over length of stay to test for the presence

of marginal and average price effects. In the special case of

the mixed Zurich system, which has a per-case payment on

day 6 and a lower per diem rate thereafter, the marginal

price effect is measured by testing for changes in the shape

of the hazard curve over specified intervals. The difference-

in-difference approach controls for the initial difference in

the shape of the hazard curve between the intervention and

comparison hospitals and identifies the policy effects

according to different changes in the shape of the hazard

curves. The use of an extensive set of patient characteris-

tics as control variables in the sensitivity analysis showed

that the results are not affected by altered patient selection

as a reaction to the payment reform.

Note that this analysis has some limitations. The first and

major limitation is that, with only one pre-intervention year,

I cannot examine the pre-intervention trends to support the

vital common trend assumption. Second, the identification

of the average price effect is based on the assumption that

the marginal costs per inpatient day were unaffected by the

payment reform. If physicians reduced the intensity of care

to maintain length of stay, the decrease in average revenue

might not lead to a decrease in length of stay. However, the

marginal price effect should not be affected by such a

quality-quantity substitution as the increase in total profit

resulting from a decrease in marginal costs is the same

under both reimbursement systems. Third, I do not analyze

the effects of the payment reform on readmission rates or on

the total number of inpatient days. However, the simulta-

neous policy regulation stipulating that readmissions to the

intervention hospital within 30 days should be reimbursed

as a continuation of the previous stay may have partially

offset the incentives to increase the number of cases. Future

research should shed more light on the effects of the pay-

ment reform on readmissions and the total number of

inpatient days. Fourth, the analysis does not inform the

reader about the effects of the payment reform on the

overall length of stay or destination after discharge. The

non-linear model does not identify the marginal price effect

on overall length of stay and the length of stay in the

intervention hospital may underestimate the duration of

inpatient care per disease episode if patients are discharged

to other hospitals. Unfortunately, the data do not allow

identifying patients across hospitals and analyzing dis-

charges made to other hospitals. However, the focus of this

study is on the incentives created by changes in marginal

and average revenue per inpatient day in the intervention

hospital; both of these factors are independent of the des-

tination after discharge. Fifth, this study cannot estimate the

exact elasticities of the length of stay with respect to mar-

ginal revenue in the cross-section because the comparison

hospitals cannot be identified for legal reasons and no tariff

rates can be attached to the inpatient episodes. A compar-

ison between the presented duration approach and the

elasticities estimated in the cross-section might produce

some interesting methodological insights.

Acknowledgments I am very grateful to Claude Jeanrenaud, Per

Johansson, and Simon Wieser for their support and guidance. Carsten

Colombier, Peter Zweifel, Maarten Lindeboom, Jürgen Maurer,

Alberto Holly, Mark Dusheiko, and other participants of the Swiss

Health Economics Workshop and the SSPH? PhD seminar provided

useful comments. I also thank the two anonymous reviewers whose

comments helped improve and clarify this manuscript. All errors are

my own.

Compliance with ethical standards

Funding There are no current external funding sources for this

study.

Conflict of interest The author declares that there are no conflicts

of interest.

References

1. Ashcraft, M.L.F., Fries, B.E., Nerenz, D.R., Falcon, S., Srivas-

tava, S.V., Lee, C.Z., Berki, S.E., Errera, P.: A psychiatric patient

classification system: an alternative to diagnosis-related groups.

Med. Care 27(5), 543–557 (1989)

2. Siegel, C., Alexander, M.J., Lin, S., Laska, E.: An alternative to

drugs: a clinically meaningful and cost-reducing approach. Med.

Care 24(5), 407–417 (1986)
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