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Abstract

Awidely discussed shortcoming of long-term care in nursing homes for elderly is the inappropriate
or suboptimal drug utilization, in particular the utilization of psychotropic drugs. This paper
estimates the effect of institutionalization on the drug intake of frail elderly using administrative
data from the largest sickness fund in Germany. Difference-in-differences propensity score
matching techniques are used to compare drug prescriptions of frail elderly who entered a nursing
home with those who remained in the out-patient care system. The findings suggest that nursing
home inhabitants receive more doses of antipsychotics, antidepressants and analgesics. The
potential oversupply goes along with estimated drug costs of about € 87 million per year.
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1 Introduction and Literature Review

The rapidly ageing population is creating a number of challenges for both developed and
developing countries. In Germany, the number of people in need of long-term care
increased between 1999 and 2009 from 2.0 million to 2.3 million (Statistisches
Bundesamt, 2011). At the same time, the institutionalization of care gains importance.
The increasing importance of independent living arrangements, resulting in smaller
household sizes, as well as an increasing female labour force participation are among
others responsible for the rising demand for in-patient care. In Germany, the number of
frail elderly living in nursing homes increased from 1999 till 2009 by about 11%. While
in 1999 28% of all people in need of care were living in nursing homes, this number

raised to 31% in 2009 (Statistisches Bundesamt, 2011).

A challenging aspect of this development is the quality of care in nursing homes, as
providers of in-patient long-term care might allow for high doses of sedative
medications and other psychotropic substances to reduce the workload of the nurses
and increase the profits by employing as few nurses as possible (see e.g. Dowideit, 2012;
Waxman, Klein, and Carner, 1985).1 In such cases, the administered medicine may be
considered as a chemical restraint or chemical violence being equivalent to being tied to
the bed (Park and Tang, 2007). Such medication does not only imply poor quality of
provided care services, but also high costs for the payers, i.e. the insurance companies
that carry the costs of the medications and necessary treatments caused by
inappropriate prescriptions. Moreover, it is well known that polypharmacy and high
drug doses exert detrimental effects on morbidity and mortality in elderly (see e.g.
Routledge, 0'Mahony, and Woodhouse, 2004; Hajjar, Cafiero, and Hanlon, 2007; Ziere et
al,, 2006). Hence, the prevention and recognition of drug related problems in the elderly
belong to the principal challenges regarding the assurance of patient safety as well as

quality of care.

Although German nursing homes are only allowed to apply psychoactive substances that
were prescribed by the resident’s physician, they have a relevant impact on a resident’s

medication by deciding on the frequency of doctor visits, selecting physicians, and

! Note that German nursing homes do not carry the costs for medication as they are paid by the health
insurance fund or the patients themselves.
4



providing information on the resident’s mental and physical condition.z For German
physicians, serving a nursing home usually is not a lucrative business (Gross, 2011). In
fact, they have an incentive to minimize time spent examining and talking with
residents. Following the nursing home’s medication policy arguably is an effective
strategy to save time. For instance, they can reduce the length of patient consultations if
they gather information on the residents’ condition and (medical) needs from the

nurses.

While there exists a large literature on the quality of health services provided by
hospitals (see e.g. Gowrisankaran and Town, 1999; Lien, Chou, and Liu, 2008;
Needleman et al, 2002; Sloan et al,, 2001), there is relatively little research on the
quality of nursing homes (see e.g. Grabowski et al, 2013; Mukamel et al, 2003).
Nevertheless, since decades nursing homes are suspected to provide poor quality of care
(see e.g. Dowideit, 2012; Fahey et al., 2003; Institute of Medicine, 1986, 2001; Werner et
al,, 2012). Several studies indicate a high usage of psychotropic drugs (see e.g. Avorn et
al.,, 1992; Alanen et al., 2006; Azermai et al., 2011; Mann et al., 2009; Pittrow et al., 2003;
Ruths, Straand, and Nygaard, 2001; Waxman, Klein, and Carner, 1985) as well as
potentially inappropriate medication prescribing in nursing homes (see e.g. Barber et al,,
2009; Beers et al, 1992; Fialova et al., 2005; Ruths, Straand, and Nygaard, 2001).
Especially, there are concerns about the prescription of antipsychotics, hypnotics, and
anxiolytics as these drugs are described as chemical restraints, in that they are used to
sedate and subdue patients, partly to minimize staff contact and to compensate for poor

staffing levels (Hughes and Lapane, 2005).

Apart from these studies indicating suboptimal prescriptions of medication as a
shortcoming of the quality of care in the in-patient nursing care sector, only few studies
analyse whether the problem of potential inappropriate medication is a shortcoming of
nursing homes or a general problem in both the field of informal and formal care. In
their descriptive comparison of prescriptions for in- and out-patients, Hach et al. (2004)
alert the problem of inappropriate medication in nursing homes. According to their
findings, psychotropics are prescribed in higher amounts to frail elderly living in in-

patient institutions. Rothgang et al. (2008) also indicate a possible oversupply of

? An average German nursing home cooperates with 23 physicians and nurses decide in roughly 86% of all
cases about the need of a medical check-up. They also choose in 72% of all cases the respective physician
(Van den Bussche et al.,, 2009).
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psycholeptics and antidementia agents in nursing homes estimating multivariate linear
regression models with administrative data. Nevertheless, as the existing studies neglect
the problems of selection into treatment, i.e. nursing home entry, the estimated results
should be considered with caution. If, for example, only elderly with severe health
problems choose to live in in-patient institutions, the relatively higher usage of
medication in these institutions may be a necessity of the negative selection of patients
into these institutions. Moreover, so far, no study estimated the costs of suboptimal

medication in nursing homes.

The aim of this study is to analyse the provided quality of care in nursing homes
comparing drug prescriptions in the in- and out-patient long-term care sector. Using
claims data from the largest sickness fund in Germany potential drug oversupply in
nursing homes is analysed by performing a comparison of the medication prescriptions
for in-patients and out-patients controlling for their observable characteristics and
diseases via matching techniques. The types of drugs analysed in this study are
psychotropic drugs including antipsychotics, antidepressants, hypnotics and sedatives,
anxiolytics as well as analgesics, antidementia and antiparkinson agents, all prescribed
drugs, and drugs from the Priscus-list. The latter is an official register of potentially
inappropriate medication for frail elderly people in Germany (Holt, Schmiedl, and
Thiirmann, 2010) that resembles similar international lists such as the Beers-list (Beers,
1997). The list identifies medications that pose potential risks (including harmful side
effects that may be life-threatening and other adverse drug events) that outweigh
potential benefits for people 65 and older. The use of such inappropriate medication is
associated with a high risk of adverse health outcomes especially in the elderly living in

nursing homes (Perri et al., 2005).

This study contributes to the existing literature in several ways. First, this is the first
study that addresses the potential self-selection bias in the estimated effects of in-
patient nursing on the extent of medication using propensity score techniques instead of
linear regressions. Second, while existing studies on the drug utilization in the in- and
out-patient nursing care sector rely on cross-sectional data, this study uses a panel data
set, which allows us to rely on difference-in-differences propensity score matching as

identification strategy. Third, the underlying data set is much larger than the data used



in previous analyses. Finally, this paper builds upon existing literature calculating the

drug costs of the potential drug oversupply.

As the matching approach is applied to administrative data generated through billing
processes between health care institutions and the insurance company, data reliability
should be relatively high. Moreover, besides the large sample size the data is
characterized by its wealth of information regarding socio-economic characteristics and
health outcomes allowing the consideration of aspects that cannot be answered with
data collected in interviews. The estimation results suggest a possible oversupply in
nursing homes regarding antipsychotics, antidepressants and analgesics. Even though
no evidence is found for more prescriptions of inappropriate drugs in nursing homes
regarding the Pricsus-list, the oversupply of the drugs mentioned above may also
provide evidence for inappropriate medication as they can be considered as chemical
restraints administered to relieve the care effort (Dowideit, 2012; Waxman, Klein, and

Carner, 1985).

The paper is structured as follows. Section 2 describes the empirical approach and
explains the data used in the empirical analysis. The quality of the propensity score
matching is discussed in Section 3. Section 4 shows the results and discusses several

sensitivity analyses. A summary and discussion is given in Section 5.

2 Empirical Strategy and Data
2.1 Matching

The major question addressed in this paper is whether the utilization of in-patient care
services has an impact on the prescriptions of certain drugs. To address the presence of
selection is essential for the research question at hand as the individuals’ choice to live
in a nursing home may be affected by reasons that cannot be observed by the researcher
and may concurrently affect the dependent variable. Such unobservables might be
preferences, health shocks as well as environmental and family influences. A simple
comparison of the outcomes of the compared groups (in- and out-patients) may suffer
from bias due to the selection into treatment-problem (Heckman, Ichimura, and Todd,
1998). Hence, difference-in-differences matching techniques are applied in order to
answer the underlying question and to account for the selection process into in-patient

care services.



The basic idea behind statistical matching (Rubin, 1974) is to find individuals in the
control group that closely resemble the members of the treatment group. According to
Rosenbaum and Rubin (1983, 1985) it is also sufficient to focus on a balancing score
instead of conditioning the matching on a whole set of variables. The propensity score,
which is estimated using a binary choice model, is the most popular balancing score
(Mensah, Oppong, and Schmidt, 2010). It condenses the information of the observed
covariates into a single index function as for treated and non-treated with the same
balancing score the distribution on the covariates are the same. In order to identify valid
comparable observations, the covariates included in the binary choice model have to
fulfill the conditional independence assumption (CIA) entailed by matching. Conditional
on the covariates, the outcome variable and the treatment indicator are assumed to be
independent. In particular, in order to give the estimates a casual interpretation, it is
assumed that conditional on the covariates, the outcomes of treated in the state of non-

treatment are the same as the outcomes of non-treated.

This assumption can be relaxed by the difference-in-differences propensity score
matching addressing the problem of possible unobservable characteristics causing
biased estimates due to unobserved heterogeneity. This approach extends the
conventional difference-in-differences estimator by defining outcomes conditional on
the propensity score. It is implemented by subtracting differences in the outcome
variables between the treatment and the control group before the treatment period
from the respective differences after the treatment period to cancel out time-invariant
unobservables. In this case, the counterfactual outcome of the treated is allowed to differ
from the observed outcomes of the untreated, as long as their trend is the same
(Heckman, Ichimura, and Todd, 1998). Hence, the strong assumption of the conventional
matching estimator that all relevant variables that determine the treatment and
influence the outcome variable are included in the data set and incorporated into the
matching model is relaxed. As this matching estimator brings together the literature on
selection on observables with the literature on unobservables, it is regarded to be
superior to pure cross-sectional matching estimators (Heckman, Ichimura, and Todd,
1997). Moreover, the difference-in-differences propensity score matching is more

robust than the traditional propensity score matching (Smith and Todd, 2005).



The parameter to be estimated by the matching is the average treatment effect on the
treated (ATT). This parameter indicates how treated persons have fared relative to a
counterfactual situation in which these individuals would have not been treated. In
general, the difference-in-differences propensity score matching estimator of the ATT

can be written as (Heckman, Ichimura, and Todd, 1997; Smith and Todd, 2005):

I 1 ..
ATT = ~Yie,[AY1; = Tjer, 0@ 1) - AYys], (1)
where ni is the number of cases in the treatment group I1. Ip indicates the control group

observations and w(j, j) is a matching procedure specific weight.

2.2 Data

For the estimation of the ATT this paper makes use of administrative data from the
sickness fund Techniker Krankenkasse (TK) on care dependent elderly in 2007-20009.
The data provides detailed and very accurate information on health service utilization as
well as measures of a wide range of health outcomes. Among others, the available data
include detailed information on individual characteristics as well as all ascertained
diagnoses and prescribed drugs. Extensive data on these topics is essential for the given
research purpose in order to compare the medication of frail elderly controlling for their
health status and further observable characteristics. The advantages of utilizing
administrative data for the analysis in comparison to data obtained from interviews are
twofold. First, data coverage and completeness should be relatively high as the TK
insures about 12% of the German population. Hence, this paper is based on a larger data
set than previous studies in this field of research. Second, data reliability should be
superior to survey data since most records are reported by institutions of the in-patient
and out-patient medical sector, which means that the data on health outcomes is
generated by experts such as physicians and is thus less liable to subjective perception
that may bias outcomes in survey data. This fact also allows data generation for senile
people and persons suffering from other diseases which make them not able to answer
any questionnaires in a proper way. This aspect is of relevance in this paper as the

analysis is restricted to high-maintenance individuals aged 65 years and older that are



assigned to any of the three care levels, which are formally assessed by the independent

Medical Review Board of the Statutory Health Insurance Funds.3

2.2.1 Outcome Variables

This study analyses nine different types of prescribed drugs. The prescriptions are
measured in daily defined doses (DDDs) and are identified using the Anatomical
Therapeutic Chemical (ATC) classification. The considered drugs are antipsychotics
(ATC: NO5A), antidepressants (ATC: N06A), sedatives and hypnotics (ATC: NO5C),
anxiolytics, (ATC: NO5B), analgesics (ATC: NO02) antidementia (ATC: N06D) and
antiparkinson agents (ATC: NO4), drugs from the Priscus-list as well as all prescribed
drugs. Each variable measures the yearly prescribed amount of DDDs of the considered
drug class. Whereas the drugs from the Priscus-list are obviously inappropriate for
elderly people, the other drug classes might be appropriate. However, higher amounts of
prescribed psychotropic drugs (i.e. antipsychotics, antidepressants, anxiolytics as well
as hypnotics and sedatives) in nursing homes might indicate the usage of these drugs as
chemical restraints (see e.g. Dowideit, 2012). Moreover, it should also be considered
that the remaining drug classes might provide interesting insights into the drug
prescriptions in the in- and out-patient care as it is possible that there are differences in
psychotropic drug prescriptions while there are no prescription differences considering
other drugs. Especially the overall medication variable may reveal whether effects on
certain drugs are due to an overall higher prescription trend. Hence, in this paper it is
analysed, whether there is a general over- or undersupply of drugs in nursing homes or
if only inappropriate or the critically discussed psychotropic drugs are prescribed more

or less often.

2.2.2 Treatment and Control Group

For the difference-in-differences propensity score matching the data set is constrained
to frail elderly individuals living at their homes during the year 2007. Moreover, the data

is restricted to those individuals that can be observed until the end of 2009 and that

*In Germany, care recipients are classified into three care levels by the Medical Review Board of the
Statutory Health Insurance Funds. While care level 1 goes along with nursing needs of, on average, at least
90 minutes per day, care level 2 includes, on average, at least 180 minutes of daily nursing needs. Care
level 3 is the highest one and stands for, on average, over 300 minutes of daily care.
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received either in-patient or out-patient care during the year 2009. Those individuals
who changed the way of received care in 2008 and live in a nursing home in 2009 are
considered as treated. Hence, the difference-in-differences matching is based on the
individual probability of transition from out-patient to in-patient care in 2008 and living
in a nursing home in 2009. Figure I provides an overview of the construction of the

treatment and control groups.
Figure I about here.

As the dependent variable is measured by the sum of DDDs prescribed in a certain year,
individuals that are not observed during the whole 3 years or changed from out-patient
to in-patient nursing care in another year than 2008 are deleted to avoid any bias.
Furthermore, observations with values above the 99th percentile - including
implausibly high values - are also excluded from both the balanced and unbalanced

sample to reduce problems with outliers.*

2.2.3 Descriptive Statistics and the Propensity Score

This section describes the conditioning variables in the sample used in the difference-in-
differences propensity score matching. Tablel includes descriptive statistics of the
covariates for the relevant subsample of 9,276 individuals that allows to contrast the
prescription outcomes of individuals who entered a nursing home in 2008 (treated) and
who remained in out-patient care (controls). All pre-treatment variables in this analysis
refer to the year 2007. The variables on different diseases are binary outcomes
identified using the International Classification of Diseases 10 (ICD-10). The descriptive
statistics show that the treated elderly tend to be older and - regarding the pre-
treatment period - have more prescribed DDDs of antipsychotics and antidementia
agents but less prescribed DDDs of drugs from the Priscus-list. The considered variables
are not only potential correlates of the institutionalization choice, but are also likely to
be related to drug utilization outcomes under study. As the identification strategy builds
on the assumption that the model includes all variables that simultaneously influence
the probability of institutionalization and drug intake, the choice of the conditioning

variables is crucial. Since this study relies on rich administrative data, it is not limited to

4 However, the results are robust to not trimming the data. The respective regression results are available
from the author upon request.
11



the inclusion of a long list of conditioning variables containing many variables
measuring the health status, but can also condition on the drug intake prior to the

treatment.

The wide range of personal characteristics serves as principal pieces of information for
constructing balanced samples of treated and controls. The last columns of Table I
present the estimated results of a logistic regression used to calculate the propensity
scores. The results show that the likelihood of receiving in-patient care increases for
care dependent elderly with rising age and diseases such as dementia and other mental

disorders. 5

Table I about here.

2.3 Matching Algorithms

The estimated coefficients reported on TableI are used to estimate the propensity
scores that predict the probability of becoming a nursing home inhabitant. The
estimated propensity scores again are used as principal vehicles to match treated to
untreated individuals applying state-of-the-art matching algorithms. While in small
samples the choice of the matching approach may be important (Heckman, Ichimura,
and Todd, 1997), with growing sample sizes all matching approaches become closer to
exact matching and should yield asymptotically the same result (Smith, 2000). The four
adopted matching techniques in this study are the 5-to-1 nearest-neighbor matching®
with replacement, 1-to-1 nearest-neighbor matching without replacement as well as
radius and kernel matching. The first method matches individuals who have switched
from out-patient care to in-patient care with control individuals who display the nearest
value of the propensity score. As the nearest-neighbor matching faces the risk of bad
matches if the closest neighbor is far away, a tolerance on the maximum distance of the
propensity scores allowed is imposed, using caliper matching. The radius matching is a
variant of the caliper matching. The basic idea of this variant is to use not only the
nearest-neighbor within each caliper but all of the units within the caliper. In the kernel

approach treated individuals are matched with a weighted average of all controls, with

> Results refer to marginal effects that are not presented in addition to the coefficients for the cause of
brevity.
®5-to-1 nearest-neighbour matching assigns the five closest control group observations to any treatment
group observation.
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weights that are inversely proportional to the distance between treated and controls.
Kernel is applied implicitly with replacement (Becker and Ichino, 2002). A caliper of
width 0.01 is used in the nearest-neighbor and radius matching, and a bandwidth of also
0.01 is used in the kernel matching algorithm. The fairly strict caliper and bandwidth
allow requiring a high degree of observational similarity between treatment and control
cases and still find matching control cases for the treatment cases. Nevertheless, all

variations of the caliper or bandwidth generate very similar results.

3 Matching Quality

[t is important to check the overlap of common support region for the treated and non-
treated before presenting the results. The visual analysis of the density distribution of
the propensity score in both treated and non-treated is given in Figure II. The upper part
of the figure displays the propensity score distribution for the treated, the lower part
refers to the control group. It becomes evident that the distributions are skewed to the
left. As problems arise when distributions do not overlap, the common support is
implemented in the matching approach and observations, whose propensity score is
smaller than the minimum and higher than the maximum in the comparison group are
disregarded. Clearly, for treated individuals who fall outside the common support, the
treatment effect cannot be estimated. In cases of small numbers of lost individuals only
few problems arise, but if the proportion of lost individuals is large, the remaining
individuals may be considered as not representative (Bryson, Dorsett, and Purdon,
2002). Figure I makes clear that the overlap between treated and non-treated is good
and the number of lost individuals is fairly low with one to four observations as can be

seen in the last row of Table III.
Figure Il about here.

Following Rosenbaum and Rubin (1985) the quality of the matching procedure is
investigated by comparing the means of the covariates of the treatment and control
group. Table II shows that the matching procedure results in a good balance of both
groups. All matching approaches achieve satisfactory balance in the observables as

differences are insignificant in the matched samples.

Table Il about here
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After the propensity scores has been used to construct two equivalent groups of treated
and non-treated, the ATT is measured using differences in outcomes between these two

groups. They are reported in the next section.

4 Results

Table Il shows the raw mean outcomes for treated and controls and the estimates of the
ATT of institutionalization based on the difference-in-differences propensity score
matching. The considered outcomes represent differences of the prescribed DDDs
between 2009 and 2007. Again, the first two columns present the raw means, while the
ATTs are presented from the third column on. The estimated results confirm previous
research indicating a potential overmedication regarding certain psychotropic drugs in
the in-patient nursing care sector. Frail elderly living in a nursing home display
significantly higher amounts of prescribed DDDs of antipsychotics, antidepressants and
analgesics. No differences can be found for hypnotics and sedatives, anxiolytics,
antidementia agents, antiparkinson agents, drugs from the Pricsus-list as well as all
drugs together. Overall, the estimates of the institutionalization effect on drug

prescriptions are very robust according to the employed econometric techniques.
Table I1l about here.

In order to obtain an idea of the estimation results in terms of costs from the payer’s
perspective, i.e. the sickness funds, a back-on-the-envelope calculation is performed for
the significant results. The results are extrapolated to the entire German population in
nursing homes in 2009. In the in-patient nursing care sector one DDD of antipsychotics
costs on average € 4.36,7 thus the potential oversupply in nursing homes goes along
with spendings of about € 39,791,421 a year. In case of antidepressants (€ 0.74/DDD)
the estimated costs are about € 12,678,909 and the potential oversupply of analgesics
(€ 2.00/DDD) goes along with spendings of about € 34,855,664.8 Note, however, that
these amounts comprise only the direct spendings for the considered drugs. Further cost

aspects like treatment expenses, consultation costs or costs caused by adverse drug

7 This information (as well as the other information on prices for DDDs of certain drugs) is obtained from
the underlying data set for the year 2009.
8 Calculations: antipsychotis: € 4.36/DDD * 717,490 dependent persons in nursing homes * 12.72 effect
from NN with Repl,; antidepressants: € 0.74/DDD * 717,490 dependent persons in nursing homes * 23.88
effect from NN with Repl.; analgesics: € 2.00/DDD * 717,490 dependent persons in nursing homes * 24.29
effect from NN with Repl.

14



effects etc. are not considered. As the number of frail elderly is expected to increase in
the future, the direct costs will also increase given that the potential oversupply will

continue to exist.

As mentioned above, the estimation of treatment effects with matching estimators is
based on the CIA. Thus, if the treated and non-treated differ in unobserved
characteristics, there may be a bias against which the matching estimator is not robust.
Even though the difference-in-differences propensity score matching eliminates any
time invariant differences between the treatment and control group and thus allows for
selection on both observed as well unobserved characteristics that are constant over
time, the problem of time varying unobservables remains. This potential problem is
addressed with the bounding approach proposed by Rosenbaum (2002). This approach
calculates upper and lower bounds on the test-statistics used to test the hypothesis of no
institutionalization effect for different values of hidden bias, i.e. it determines how
strongly an unobserved variable must influence the selection process in order to

undermine the implications of the matching analysis.

Table IV presents the bounding results for the difference-in-differences propensity score
giving the outcome of the p-values from the Wilcoxon sign-rank test for the average
treatment effect on the treated, while setting the level of hidden bias to a certain value I'.
The parameter I reflects the assumption about hidden bias in treatment assignment. At
each I a hypothetical significance level is calculated, which represents the bound on the
significance level of the treatment effect in case of hidden bias. By comparing the
Rosenbaum bounds on treatment effects at certain levels of T it is possible to assess the
strength, the unmeasured heterogeneity or endogeneity would require so that the
obtained effects from the matching analysis would have arisen solely through selection
effects. Table V shows that the robustness to hidden bias varies considerably across the
outcome variables. In case of antipsychotics, the statistics imply that at I'=1.15 the
treatment effect is no longer statistically significant at p=0.05. For antidepressants this
is the case at I'=1.25 and for analgesics at I'=1.30. The large values of I' considering
antidepressants and analgesics suggest that, having matched on observed covariates, the
unobserved confounding variable would have to increase the likelihood of treatment by

around 25% in case of antidepressants and by around 30% in case of analgesics.

Table 1V about here.
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The hypothetical hidden bias may directly result from an impairment of the health
status. Even though we compare treated and untreated individuals that have similar
probabilities to enter a nursing home in 2008 based on their characteristics and health
outcomes in 2007 using propensity score matching approaches, the health outcomes
may change rapidly and the treated may suffer from a greater health impairment
causing their entrance in a nursing home. To analyse whether institutionalized elderly
suffer from greater health impairment than non-institutionalized, we compare health
outcomes of these two groups using again the difference-in-differences propensity score
matching. In this analysis the treatment is the same as in the main analysis in this paper,
namely the institutionalization of out-patient frail elderly in 2008. The considered

outcome variables are the disease outcomes. Table V documents the estimated ATT.
Table V about here.

A robust and significant result indicating a health related impairment between 2007 and
2009 in case of institutionalized elderly can be observed solely in case of dementia. All
other diseases indicate no impairment or even a health improvement for elderly, who
decided to move into a nursing home. Thus, the higher amounts of prescribed DDDs of
antipsychotics, antidepressants and analgesics are most likely not caused by health
impairments of institutionalized frail elderly but indicate a potential overmedication

with these drugs in nursing homes.

5 Discussion

This paper examines the effect of institutionalization of the elderly on prescriptions of
various drug categories using administrative records from one of Germany’s largest
sickness funds. Difference-in-differences propensity score matching approaches are
used to empirically compare the prescriptions of the DDDs of institutionalized frail
elderly and those who remained in out-patient care, taking observable covariate
differences into account. This method as well as the underlying data has not been used
in this field of research so far. As the propensity score matching removes most of the
bias attributable to observables, the differences in mean outcomes in the matched
sample can be used to obtain an estimate of the ATT. In order to check the robustness of
the results from the nearest-neighbor, kernel and radius matching is applied as well. The

empirical results are robust to the applied econometric methods. Moreover, the
16



sensitivity analysis using Rosenbaum bounds shows that the obtained results for

antidepressants and analgesics are robust to theoretically possible hidden bias.

Even though a range of variables on the individual’s health is controlled for, an
impairment of the health status in the considered period may influence the choice of
entering a nursing home, since the question of health developments remains delicate. As
[ am not able to control for health impairments, I analyse whether certain health
outcomes changed between treated and controls using propensity score matching
techniques. This analysis reveals that treated people are significantly more often
demented. Nevertheless, no indications for higher prescriptions of antidementia agents
for in-patients are observed in the comparison of drug prescriptions. Instead, evidence
is found for higher prescribed amounts of DDDs of antipsychotics, antidepressants and
analgesics for institutionalized elderly. As a range of observable characteristics and the
health status are controlled for in the analysis, these higher amounts can be considered
as evidence for a potential oversupply of these drugs in nursing homes, which may be
caused by the adoption of these drugs as chemical restraints in order to relieve the care
effort of the nursing staff. The yearly costs of this potential oversupply are estimated to
reach almost € 87 million. However, the estimated costs include only the direct
spendings for the drugs. In a complete analysis one should also account for consultation
and treatment costs as well as further costs caused by adverse effects of the drugs. The
possible impairment of the individual quality of life should be also taken into account.

Thus, the real costs are expected to be much higher.

Certainly, this analysis provides only a first empirical hint towards the widely discussed
suspicion of a psychotropic drug oversupply in nursing homes as the given question is
considered solely from a quantitative point of view and many qualitative aspects remain
unconsidered. Since it is difficult to define appropriate amounts of drugs for certain
individuals, the higher prescriptions in nursing homes can only be supposed to describe
a drug oversupply, as one could also consider these results to provide evidence for an
undersupply in the out-patient care sector. However, given the large literature on
inappropriate medication in nursing homes that is discussed above, the latter
interpretation can be considered as less reasonable. In any case, action is required from

all concerns.
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Tables

Table I: Covariates — Descriptive Statistics and the Propensity Score

Means Difference Propensity Score
Logit
Variable Treated Controls t-values Coeffs. Std. E.
Individual characteristics
Female 0.64 0.50 5.80*** 0.331**  (0118)
Age 83.28 78.33 12.48**  0.068***  (0.007)
Pre-treatment care dependency
Care Level 2 0.36 0.34 1.16 0.015 (0.112)
Care Level 3 0.05 0.08 -2.29%* - (0.243)
0.780%**
Pre-treatment health status
Depression and bipolar disorder 0.34 0.31 0.99 -0.046 (0121)
Schizophrenia, schizotypal and delusional 0.05 0.03 1.82* -0.118 (0.266)
disorders
Dementia 0.50 0.21 13.88**  0.907*** (0.116)
Mental disorders due to psychoactive substance  0.03 0.06 -1.98** -0.409 (0.286)
use
Other mental disorders 0.10 0.03 9.71%** 1.086***  (0.190)
Stroke 0.28 0.33 -2.35%* 0.092 (0.121)
Cardiac infarction 0.06 0.07 -0.72 -0.003 (0.213)
Other diseases of the circulatory system 0.11 0.93 0.18 -0.180 (0.210)
Invasive neoplasms 0.20 0.23 -1.14 -0.079 (0.129)
Diseases of the musculoskeletal system 0.74 0.73 0.53 -0.048 (0.124)
Diseases of the genitourinary system 0.54 0.59 -2.39%* -0.200* (0.110)
Parkinson’s disease 0.18 0.14 2.31% 0.164 (0.143)
Injuries and poisoning 2.34 2.04 1.61 0.017 (0.014)
Number of consultations 49.88 48.81 -2.34%* -0.003 (0.002)
Number of hospitalizations 1.00 0.78 3.27%x* - (0.030)
0.107***

Pre-treatment medication [DDDs per year]
Antipsychotics 31.82 10.52 4,94 0.003***  (0.001)
Antidepressants 101.79 70.81 1.63 0.000 (0.000)
Hypnotics and Sedatives 19.32 13.49 0.80 0.001 (0.001)
Anxiolytics 9.47 9.07 0.22 0.000 (0.001)
Analgetics 84.33 65.47 -0.34 0.000 (0.000)
Antidementia agents 50.37 23.67 8.03*** 0.001***  (0.000)
Antiparkinson agents 1.71 1.06 -0.75 -0.005 (0.006)
Priscus-list 72.03 86.07 -1.88* -0.001 (0.000)
All drugs 1930.14 2054.06 -2.34** -0.000 (0.000)
Observations 425 8,663

Notes: Significant at ***: 1% level; **: 5% level; *: 10% level; Pseudo R-squared = 0.1090.
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Table II: Covariate Balance - Individual t-Test

Variable Unmatched NN with NN Radius? Kernel?

Difference Repl. V) without

Repl. D

Idividual characteristics
Female 5.80%** -0.27 -0.14 -0.16 -0.18
Age 12.48%** -0.78 0.24 -0.41 -0.55
Pre-treatment care dependency
Care Level 2 1.16 -0.30 -1.07 -0.18 -0.18
Care Level 3 -2.29%* 0.26 0.49 -0.19 -0.26
Pre-treatment health status
Depression and bipolar disorder 0.99 0.05 -0.15 0.15 0.10
Schizophrenia, schizotypal and 1.82* 1.01 0.17 0.44 0.45
delusional disorders
Dementia 13.88%** 0.46 0.07 0.36 0.32
Mental disorders due to psychoactive =~ -1.98** -0.41 -0.37 0.13 0.11
substance use
Other mental disorders 9.771%** 0.32 0.12 0.37 0.41
Stroke -2.35%* 0.22 -0.53 0.15 0.12
Cardiac infarction -0.72 -0.03 -0.14 0.22 0.25
Other diseases of the circulatory 0.18 -0.61 -0.70 -0.23 -0.23
system
Invasive neoplasms -1.14 -0.06 -0.34 0.10 0.15
Diseases of the musculoskeletal 0.53 -0.08 0.24 -0.04 0.00
system
Diseases of the genitourinary system -2.39%* 0.17 -0.62 0.01 0.03
Parkinson’s disease 2.31%* -0.45 -0.35 -0.19 -0.21
Injuries and poisoning 1.61 0.04 0.49 0.17 0.18
Number of consultations -2.34** -0.25 -0.11 0.05 0.09
Number of hospitalizations 3.27%%* 0.42 -0.02 0.64 0.63
Pre-treatment medication
Antipsychotics 4,94%** 0.35 -0.40 0.21 0.17
Antidepressants 1.63 -0.15 0.28 0.16 0.20
Hypnotics and Sedatives 0.80 -0.37 0.82 -0.13 -0.16
Anxiolytics 0.22 -0.30 -0.09 -0.14 -0.14
Analgetics -0.34 -0.31 1.12 -0.12 -0.14
Antidementia agents 8.03*** 0.22 -0.43 -0.10 -0.17
Antiparkinson agents -0.75 -0.22 1.71 -0.04 -0.07
Priscus-list -1.88* -0.17 1.26 0.09 0.07
All drugs -2.34** -0.30 0.34 -0.14 -0.13

Notes: Significant at ***: 1% level; **: 5% level; *: 10% level. Baseline categories: “Care
level: 3”.— B Imposed caliper width: 0.01.”. —2 Imposed bandwidth: 0.01.

20



Table III: Treatment Effects of Institutionalization on Drug Prescriptions (Preferred

Model)
Variable Means ATT (t-values)
Treated Controls NN NN Radius? Kernel?
with without
Repl.h) Repl.h)
Antipsychotics 11.64 1.09 12.72%** 12.46%*+* 12.20%+* 12.31%*+*
(3.88) (3.42) (3.87) (3.90)
Antidepressants 20.47 2.39 23.88%** 23.10** 24.60%** 24.42%*
(2.71) (2.25) (2.90) (2.88)
Hypnotics and Sedatives  3.49 0.25 2.93 0.35 3.23 3.30
(0.63) (0.07) (0.71) (0.73)
Anxiolytics 0.44 0.49 -0.37 0.23 0.16 0.19
(-0.17) (0.09) (0.08) (0.09)
Analgetics 27.48 6.16 24.29%+* 26.08** 23.01%** 23.25%**
(3.48) (3.34) (3.45) (3.48)
Antidementia agents -8.82 1.62 -7.36 -9.58 -5.80 -5.77
(-1.08) (-1.18) (-0.89) (-0.89)
Antiparkinson agents 1.21 0.05 1.13 0.30 0.97 0.99
(1.27) (0.26) (1.14) (1.16)
Priscus-list -5.44 -7.24 1.20 -0.71 0.81 0.82
(0.16) (-0.09) (0.11) (0.12)
All drugs 104.87 75.62 57.70 71.92 58.24 59.04
(1.04) (1.14) (1.09) (1.11)
Treated 425 8,663 424 421 424 424

Notes: Significant at ***: 1% level; **: 5% level; *: 10% level. T-values in parentheses.
Baseline categories: “Care level: 3”. —1 Imposed caliper width: 0.01. ”. —2) Imposed

bandwidth: 0.01.
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Table IV: Rosenbaum Bounds

Variable P-Critical atT:
1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35
Antipsychotics 0.004 0.012 0.033 0.074 0.141 0.235 0.355 0.477
Antidepressants <0.001 0.001 0.004 0.012 0.029 0.062 0.116 0.193
0.034 0.070 0.126

Analgetics <0.001  <0.001  0.002 0.005 0.015

Notes: Results for NN w/ Repl. p-critical is p+
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Table V: Treatment Effects of Institutionalization on Health Impairment

Effects

Variable NN with NN without Radius? Kernel?

Repl.l Repl.V)
Depression and bipolar disorder -0.027 -0.017 -0.006 -0.005
Schizophrenia, schizotypal and 0.012 0.010 0.015 0.015
delusional disorders
Dementia 0.150%** 0.114%* 0.166*** 0.165%*+*
Mental disorders due to psychoactive ~ 0.002 0.012 0.004 0.005
substance use
Other mental disorders 0.009 0.017 0.007 0.007
Stroke 0.034 0.048 0.018 0.017
Cardiac infarction 0.000 -0.017 0.008 0.008
Other diseases of the circulatory -0.018 -0.014 -0.015 -0.015
system
Invasive neoplasms -0.079%** -0.060** -0.072%** -0.0771%**
Diseases of the musculoskeletal -0.087*** -0.105%** -0.078** -0.078**
system
Diseases of the genitourinary system 0.027 0.024 0.036 0.037
Parkinson’s disease 0.031 0.033 0.022 0.023

Notes: Significant at ***: 1% level; **: 5% level; *: 10% level. Baseline categories: “Care
level: 3”. - U Imposed caliper width: 0.01. ”. - 2 Imposed bandwidth: 0.01.
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