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Abstract
Background and Objectives  In Japan, polypharmacy reduction policy, which reduces the reimbursement of medical cost, 
was introduced to address unnecessary psychotropic polypharmacy. The rule was applied to the prescriptions of three or 
more anxiolytics or three or more hypnotics in the policy introduced in 2012. The prescriptions of four or more antidepres-
sants or four or more antipsychotics were added to the rule in the policy revised in 2014. Furthermore, the prescriptions of 
three or more drugs of anxiolytics, hypnotics, antidepressants, or antipsychotics were subject to the reduction criteria of 
the policy revision in 2016. Benzodiazepine receptor agonists (BZs) are classified both into anxiolytics and hypnotics, and 
the reduction rule was not applied to the category of BZs before April 2018. This study aimed to examine the effect of the 
policy on the prescriptions of four drug categories as well as BZs from the point of view of the number of drugs and doses.
Methods  This was a retrospective observational study using a large-scale Japanese health insurance claims database. Patients 
who were prescribed at least one psychotropic drug (anxiolytic, hypnotic, antidepressant, or antipsychotic) during the study 
period (from April 2011 to March 2017) were selected. Segmented regression analysis was used to analyze the proportions 
of patients with three or more or four or more drugs as well as patients above clinically recommended doses, and the means 
of the average daily doses by drug category.
Results  A total of 312,167 patients were identified as a study population. The proportions of patients with three or more 
drugs in anxiolytics, hypnotics, antidepressants, and antipsychotics significantly decreased after the introduction or revi-
sions of the policy, but not BZs. The proportions of patients with three or more drugs in March 2017 were 0.9%, 2.0%, 
1.2%, 2.4%, and 8.9% in anxiolytics, hypnotics, antidepressants, antipsychotics, and BZs, respectively. The effect of the 
policy in reducing the proportions of patients above clinically recommended doses was identified in antipsychotics after the 
revision in 2016, but not identified in the sum of anxiolytics and hypnotics as well as BZs after the revision in 2014, and 
antidepressants after the revision in 2016. The proportions of monotherapy were increased from April 2011 to March 2017 
only for antidepressants (76.9% → 80.8%) and antipsychotics (79.8% → 82.1%), and not changed or decreased for anxiolytics 
(85.2% → 85.7%), hypnotics (78.6% → 77.6%), sum of anxiolytics and hypnotics (68.1% → 65.7%), BZs (68.0% → 67.3%), 
and sum of psychotropic drugs (52.1% → 49.9%).
Conclusions  The polypharmacy reduction policy reduced the proportions of patients with three or more drugs in four drug 
categories, but not BZs. Only limited effects were seen for reducing the proportions of patients above clinically recommended 
doses. The policy was revised in April 2018 again. Further investigation is needed to examine the effect of the revision in 
2018.
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supplementary material, which is available to authorized users.
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1  Introduction

Psychotropic drugs such as anxiolytics, hypnotics, antide-
pressants, and antipsychotics are commonly prescribed in 
the treatment of mental and behavioral disorders [1]. Psy-
chotropic polypharmacy is also common in clinical practice 
[2–4]. Mojtabai and Olfson reported that the proportion of 
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Key Points 

The polypharmacy reduction policy for psychotropic 
drugs in Japan had some impacts on reducing the pro-
portions of patients with three or more drugs in each 
drug category. However, it is difficult to say that mono-
therapy was expanded.

Only limited effects were seen for reducing the propor-
tions of patients above clinically recommended doses 
although the proportions of patients with three or more 
drugs were decreased.

More effective interventions in addition to the reduction 
by the number of drugs should be considered.

policy introduced in April 2012. The policy was revised and 
tightened in October 2014 after the notification of the revi-
sion in April 2014, that is, antidepressants as well as antip-
sychotics were added to the fees reduction provision. The 
fee for continuous psychiatric outpatient services/consulta-
tion, prescription fees, and drug fees were not reimbursed or 
only partially reimbursed if three or more anxiolytics, three 
or more hypnotics, four or more antidepressants, or four or 
more antipsychotics were prescribed at one time. Further-
more, in April 2016, the policy was further tightened, and 
these fees were not reimbursed or only partially reimbursed 
if three or more anxiolytics, three or more hypnotics, three or 
more antidepressants, or three or more antipsychotics were 
prescribed at one time.

Okumura et al. reported the effect of the polypharmacy 
reduction policy for anxiolytics and hypnotics, which took 
effect in 2012 and 2014 [21]. Their study used a database 
of out-of-hospital prescriptions for outpatients dispensed by 
community pharmacies, thus it could not evaluate in-hospital 
prescriptions dispensed by pharmacies inside the hospitals. 
The aim of the policy is to reduce unnecessary psychotropic 
polypharmacy. Hence, it is important to follow not only out-
of-hospital prescriptions but also in-hospital prescriptions. 
Moreover, their investigation period, which was between 
April 2011 and November 2014, seems to be too short to 
evaluate the effect of the policy revision in 2014, which took 
effect in October 2014. The polypharmacy reduction policy 
introduced in 2012 and revised and tightened in 2014 and 
2016 was applied to the prescription of “3 or more” or “4 or 
more” drugs within the drug category (anxiolytics, hypnot-
ics, antidepressants, and antipsychotics) (Table 1). Benzodi-
azepine receptor agonists (BZs), which are mainstay anxio-
lytics/hypnotics and have similar mechanisms of action, are 
classified both into anxiolytics and hypnotics (Table S1 of 
the Electronic Supplementary Material [ESM]). BZs have 
high potential for tolerance, dependence, and misuse as well 
as adverse events such as cognitive impairment, accidents, 
and falls [22]. The tolerance for BZs causes the increase of 
their daily dosage [23], which might cause more dependence 
and adverse events. Hence, promotion of proper prescrip-
tion and proper use of BZs is an urgent matter. However, 
the polypharmacy reduction policy in Japan had not had a 
reduction rule for the category of BZs before April 2018. 
In addition, high-dose prescription of psychotropic drugs 
has been a problem in Japan [24, 25]. In particular, some 
studies indicate that Japanese patients receive higher doses 
of antipsychotics compared with patients in other countries 
[26–28]. It is also important to address unnecessary high-
dose treatment, but this policy had the reduction rule just for 
the number of drugs, not for total doses although the potency 
is different between drugs (Table S1 of the ESM).

patients with two or more psychotropic drugs increased from 
42.6 to 59.8% from 1996–7 to 2005–6 in office-based psy-
chiatry practices in the USA [2]. Their study reported that 
the proportions of patients with two or more drugs of sed-
ative-hypnotics, antidepressants, and antipsychotics within 
the drug category in 2005–6 were 17.8%, 25.4%, and 14.9%, 
respectively [2]. In Japan, the proportions of patients with 
two or more drugs of anxiolytics, hypnotics, antidepressants, 
and antipsychotics within the drug category were reported as 
16.4%, 27.3%, 34.7%, and 30.0%, and those of three or more 
drugs were reported as 1.9%, 6.1%, 8.9%, and 8.5% based on 
claims data from the Japan Medical Data Center’s database 
in 2009 [5]. In addition, there is a report that the proportion 
of patients with two or more drugs of any anxiolytics or hyp-
notics was 54.6% in psychiatry and 20.4% in non-psychiatry 
based on claims data from the Japanese National Database 
in 2011 [6]. However, evidence supporting psychotropic 
polypharmacy is limited [3, 7–10]. Psychotropic polyphar-
macy increases the risk of adverse events and drug–drug 
interactions [2, 9, 11–16]. Several guidelines indicate that 
combination therapy (i.e., combination of several treatments 
including pharmacological and nonpharmacological treat-
ments) and multiple prescription (i.e., prescription of two 
or more drugs within the drug category) are not standard 
therapy and should be considered only if a patient’s symp-
toms are moderate/severe or do not respond to an adequate 
dose and duration of a medication [17–19].

In Japan, polypharmacy reduction policy, which reduces 
the reimbursement of medical cost, was introduced in 
2012 to address unnecessary psychotropic polypharmacy 
(Table 1) [20]. All citizens and residents in Japan are cov-
ered by health insurance systems. The reimbursement rate 
of the fee for continuous psychiatric outpatient services/con-
sultation was reduced by 20% if three or more anxiolytics or 
three or more hypnotics were prescribed at one time in the 
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In this study, we aimed to examine the effect of the poly-
pharmacy reduction policy on the prescriptions of four 
drug categories as well as BZs from the point of view of 
the number of drugs and doses using a large-scale Japanese 
healthcare claims database. This is the first report to evalu-
ate the effect of the polypharmacy reduction policy on all 
psychotropic prescriptions including both out-of-hospital 
and in-hospital prescriptions covering the periods through 
pre-introduction to post-second revision of the policy (that 
is, between April 2011 and March 2017).

2 � Materials and Methods

2.1 � Data Source

This study was conducted using a large-scale, Japanese 
health insurance claims database developed by MinaCare 
Co., Ltd. (Tokyo, Japan). This database included about 
5 million cumulative insured persons’, mainly company 
employees and their family members’ anonymized claims 
data provided by corporate health insurance societies. 
Elderly patients (aged ≥ 75 years) were not included in the 
database. In this study, monthly administrative claims data 
including pharmacy claims, medical claims, and diagnosis 
procedure combination (DPC) claims between April 2011 
and March 2017 in health insurance societies that fully cov-
ered the investigation period were used. The DPC claims 
were based on the DPC system, which is a case-mix pay-
ment system, according to diagnosis and procedures, which 
consists of two elements: flat-fee per day payment and 
fee-for-service payment for inpatients hospitalized only in 
the DPC introduction hospitals (DPC hospitals) [29]. The 
database included information on patients’ characteristics 
(encrypted personal identifiers, age, and sex) and prescribed 
medications. Pharmacy claims included the information of 
out-of-hospital prescriptions for outpatients dispensed by 
community pharmacies, and DPC claims included that of in-
hospital prescriptions for inpatients hospitalized in the DPC 
hospitals. Medical claims included the information of in-
hospital prescriptions for outpatients as well as in-hospital 
prescriptions for inpatients admitted to the hospitals other 
than the DPC hospitals dispensed by pharmacies inside the 
hospitals.

2.2 � Study Population and Outcome Measures

Patients who were prescribed at least one psychotropic 
drug (anxiolytic, hypnotic, antidepressant, or antipsychotic) 
between April 2011 and March 2017 (study period) were 
defined as a study population. We included both prevalent 
and new users of psychotropic drugs because our study 
aim was to evaluate the effect of the policy on this entire 

population of patients. The classification of the psychotropic 
drugs was based on the polypharmacy reduction policy in 
Japan [20] (Table S1 of the ESM). The monthly utilizations 
of psychotropic drugs were measured as the total number 
of prescribed drugs in each month by drug category. The 
number of prescribed drugs was counted based on generic 
names regardless of formulation.

In addition, the average daily dose of psychotropic drugs 
was calculated for each patient in each month by drug cat-
egory and the mean of the average daily doses as well as 
the proportion of patients who were prescribed more than 
clinically recommended doses in Japan were calculated. 
Diazepam-equivalent doses for anxiolytics and hypnotics 
[30], imipramine-equivalent doses for antidepressants [31, 
32], and chlorpromazine-equivalent doses for antipsychotics 
[33–37] were used (Table S1 of the ESM). For the means of 
the average daily doses and the proportions of patients above 
clinically recommended doses, the analysis in which anxio-
lytics and hypnotics were summed was conducted because 
BZs, which are mainstay anxiolytics/hypnotics and have 
similar mechanisms of action, are classified both into anxi-
olytics and hypnotics. The analysis for BZs was also con-
ducted. The information of “days of supply” was partially 
missing (30–45% by drug category) in medical claims and 
DPC claims between April 2011 and March 2012 because 
entry of the information was not mandatory in these claims 
before April 2012 [38]. The information of “days of supply” 
was not missing after April 2012. Hence, the analyses for 
the means of the average daily doses and the proportions 
of patients above clinically recommended doses were con-
ducted for the time period after April 2012.

2.3 � Statistical Analysis

Characteristics of patients who had any prescription 
records for psychotropic drugs were summarized using 
descriptive statistics in each segment period, where the 
definition of the segment is given below. Segmented 
regression analysis of interrupted time series [39] using 
SAS proc autoreg (SAS/ETS software, version 9.4 of the 
SAS System for Microsoft Windows, SAS Institute Inc., 
Cary, NC, USA) was conducted to estimate the changes 
following the introduction or revisions of the polyp-
harmacy reduction policy for psychotropic drugs. This 
method allows the assessment of how much an interven-
tion such as policy introduction affects specific outcomes 
immediately and over time. Each segment of the series 
is allowed to exhibit both a level (intercept) and a trend 
(slope). A change in level, i.e., an increase or decrease in 
the outcome after the intervention, constitutes an abrupt 
intervention effect. A change in trend is defined by an 
increase or decrease in the slope of the segment after the 
intervention as compared with the segment preceding 
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the intervention. A change in trend represents a gradual 
change in the value of the outcome during the segment 
[39]. In this study, dependent variables of the segmented 
regression analysis were the proportions of patients in 
various categories (three or more drugs, four or more 
drugs, patients above clinically recommended doses) and 
the means of the average daily doses by drug category. 
The analysis for the proportions of patients with three 
or more or four or more drugs were conducted for four 
drug categories (anxiolytics, hypnotics, antidepressants, 
and antipsychotics) and BZs. The analyses for the propor-
tions of patients above clinically recommended doses and 
the means of the average daily doses were conducted for 
sum of anxiolytics and hypnotics, BZs, antidepressants, 
and antipsychotics. Independent variables were level and 
trend change indicator variables for each of the segmented 
period.

Study period was divided into five segments: period 1; 
“Baseline” (from April 2011 to March 2012), period 2; 
“Introduction of the policy” (from April 2012 to March 
2014), period 3; “Notification of the revision in 2014” 
(from April 2014 to September 2014), period 4; “Enforce-
ment of the revision in 2014” (from October 2014 to March 
2016), and period 5; “Revision in 2016” (from April 2016 
to March 2017). We considered the period 3 as a “phase-
in” period before the first revision because the first revi-
sion of the polypharmacy reduction policy was notified in 
April 2014 and enforced in October 2014. The segmented 
regression analysis was carried out in steps. First, stepwise 
autoregression with a significance level of 0.05 was used to 
select the appropriate autocorrelation structure for the full 
model. Following selection of the autocorrelation structure, 
the full model was examined in terms of appropriateness 
of autocorrelation structure (generalized Durbin–Watson 
test) and for the degree of heteroscedasticity (Portmanteau 
Q test, Engle’s Lagrange multiplier test). Next, the most 
parsimonious model was identified by successively elimi-
nating least significant regression terms. The significance 
level of 0.05 was used as the criterion for retention. The final 
parsimonious model was again examined for the appropri-
ateness of autocorrelation structure and for the degree of 
heteroscedasticity.

In addition, observed changes of the proportions of 
patients by the number of prescribed drugs were described 
and plotted for four drug categories of psychotropic drugs, 
sum of anxiolytics and hypnotics, BZs, and sum of psycho-
tropic drugs (i.e., sum of anxiolytics, hypnotics, antidepres-
sants, and antipsychotics) to capture the long-term prescrip-
tion trend between April 2011 and March 2017. The analysis 
restricted to the patients who were continuously enrolled 
in the database during the study period was conducted as a 
sensitivity analysis to examine the robustness of the results. 
Data analyses other than the segmented regression analysis 

were conducted using R version 3.4.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

3 � Results

3.1 � Patient Characteristics

A total of 312,167 patients had at least one prescription 
record for psychotropic drugs during the study period. The 
patient characteristics were stable throughout the study 
period (Table 2).

3.2 � Effect of the Polypharmacy Reduction Policy 
for Psychotropic Drugs

The observed changes of the proportions of patients by the 
number of prescribed drugs are shown in Table 3 and plotted 
in Fig. S1 of the ESM. The estimated changes of the pro-
portions of patients with “3 or more” or “4 or more” drugs 
following the introduction or revisions of the polypharmacy 
reduction policy based on the most parsimonious segmented 
regression model are shown in Table 4 and Fig. 1.

For anxiolytics and hypnotics, the polypharmacy reduc-
tion policy was introduced in April 2012 and revised in 
October 2014. The revision of the policy in 2014 was noti-
fied in April 2014 (Table 1). For the proportions of patients 
with three or more anxiolytics, there were immediate and 
notable decreases in the levels at three timepoints (policy 
introduction in April 2012, notification of the revision in 
April 2014, and enforcement of the revision in October 
2014); there was a slight positive change in the trend (slope) 
at the policy introduction in April 2012 compared with the 
preceding period (Table 4), but the overall slope remained 
slightly negative throughout the study period (Fig. 1a). For 
the proportions of patients with three or more hypnotics, 
there was a decrease in the level at the enforcement of the 
revision in October 2014; there were negative changes in the 
trends at two timepoints (policy introduction in April 2012 
and notification of the revision in April 2014) followed by a 
positive change in the trend after the enforcement of the revi-
sion in October 2014 (Table 4), although the overall slope 
was consistently negative after April 2012 (Fig. 1b). The 
largest negative change in the trend compared to the preced-
ing period was observed after the notification of the revision 
in April 2014. The proportions of patients with “3 or more 
anxiolytics” and “3 or more hypnotics” decreased from 1.9% 
and 4.8% in April 2011 to 0.9% and 2.0% in March 2017, 
respectively (Table 3).

The polypharmacy reduction policy for antidepressants 
and antipsychotics was introduced in October 2014 after 
the notification in April 2014 and tightened in April 2016 
(Table 1). Thus, prescription of four or more antidepressants 
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and four or more antipsychotics were subject to the reduc-
tion criteria in 2014, and prescription of three or more anti-
depressants and three or more antipsychotics were subject 
to the criteria in 2016 (Table 1). There were decreases in 
both the levels and trends of the proportions of patients 
with three or more antidepressants as well as antipsychot-
ics after the policy revision in April 2016 (Table 4, Fig. 1c, 
e). There were some changes in the levels or trends of the 
proportions of patients with four or more antidepressants as 
well as antipsychotics between April 2014 and March 2017 
(Table 4, Fig. 1d, f). Consistent downward trends (slopes) 
were seen throughout the study period, although the numeri-
cal values of the slopes varied in each segmented period for 
the proportions of patients with “3 or more” and “4 or more” 
antidepressants as well as antipsychotics (Fig. 1c–f). The 
proportions of patients with “3 or more” and “4 or more” 
antidepressants decreased from 4.5% and 0.7% in April 2011 
to 1.2% and 0.1% in March 2017, respectively (Table 3). The 
proportions of patients with “3 or more” and “4 or more” 
antipsychotics decreased from 4.9% and 1.1% in April 2011 
to 2.4% and 0.5% in March 2017, respectively (Table 3). For 
BZs, which are mainstay anxiolytics/hypnotics, the propor-
tion of patients with three or more BZs had a downward 
trend before the introduction of the policy in April 2012, 
but the continuous downward trend was not seen after April 
2012 (Table 4, Fig. 1g). In addition, there were no significant 
decreases in the levels of the proportions of patients with 
three or more BZs after the policy introduction in April 2012 
as well as after the notification and enforcement of the revi-
sion in 2014. The proportion of patients with three or more 
BZs was still 8.9% in March 2017 (Table 3).

The proportions of patients with two drugs were 
unchanged or increased in all drug categories throughout 
the study period (Table 3, Fig. S1 of the ESM), which con-
trasted with the proportions of patients with three or more 
drugs that decreased after the introduction or revisions of the 
polypharmacy reduction policy. The proportions of patients 
with monotherapy were increased from April 2011 to March 
2017 only for antidepressants (76.9% → 80.8%) and antipsy-
chotics (79.8% → 82.1%), and not changed or decreased for 
anxiolytics (85.2% → 85.7%), hypnotics (78.6% → 77.6%), 
the sum of anxiolytics and hypnotics (68.1% → 65.7%), 
BZs (68.0% → 67.3%), and the sum of psychotropic drugs 
(52.1% → 49.9%).

The estimated changes of the proportions of patients 
above clinically recommended doses and the means of the 
average daily doses after April 2012 based on the most par-
simonious segmented regression model are shown in Table 5 
and Figs. 2 and 3. The polypharmacy reduction policy for 
anxiolytics and hypnotics was introduced in April 2012 and 
tightened in October 2014, and that for antidepressants and 
antipsychotics was introduced in October 2014 and tight-
ened in April 2016. The revision of the policy in 2014 was 
notified in April 2014 (Table 1). For the sum of anxiolytics 
and hypnotics, BZs, antidepressants, and antipsychotics, the 
proportions of patients above clinically recommended doses 
had downward trends before the notification of the revision 
in April 2014, but the continuous downward trends were not 
seen after April 2014 (Table 5, Fig. 2a–d). There were some 
increases and decreases in the sum of anxiolytics and hyp-
notics, BZs, and antidepressants, but there were no statisti-
cally significant decreases in the levels or downward changes 
in the trends after the strictest revisions of the policy, that 

Table 2   Patient characteristics

N total number of patients who were prescribed at least one psychotropic drug in each segmented period, SD standard deviation
a As of the initial month of prescription records for any psychotropic drugs in each segmented period

Characteristic Period 1 Period 2 Period 3 Period 4 Period 5
April 2011– 
March 2012

April 2012– 
March 2014

April 2014– 
September 2014

October 2014– 
March 2016

April 2016– 
March 2017

(N = 105,729) (N = 152,543) (N = 76,128) (N = 126,490) (N = 99,520)

Sex (%)
 Male 46.7 46.8 47.9 47.2 47.9
 Female 53.3 53.2 52.1 52.8 52.1

Age, years (%)a

 Mean [SD] 42.7 [18.2] 42.1 [18.0] 44.3 [17.1] 43.1 [17.4] 43.7 [17.1]
 < 18 10.0 10.3 7.6 8.8 8.1
 18–24 4.6 4.8 4.3 5.1 5.1
 25–34 15.4 15.4 13.2 14.0 13.7
 35–49 32.7 33.8 35.4 34.5 34.1
 50–64 25.6 24.8 26.6 26.0 27.1
 65–74 11.7 10.9 12.8 11.5 11.8
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is after the notification and enforcement of the revision in 
2014 for anxiolytics and hypnotics, and after the revision in 
2016 for antidepressants (Table 5, Fig. 2a–c). In addition, 
the proportions of patients above clinically recommended 
doses were increased or not changed between March 2014 
(before the notification of the revision in 2014) and March 
2017 for the sum of anxiolytics and hypnotics, BZs, and anti-
depressants (Fig. 2a–c). On the other hand, for antipsychot-
ics, there was a statistically significant downward change 
in the trend after the strictest policy revision in April 2016, 
and the proportion of patients above clinically recommended 
doses was decreased after April 2016 (Table 5, Fig. 2d).

The means of average daily doses generally showed simi-
lar tendency to the proportions of patients above clinically 
recommended doses except the significant decreases after 
the enforcement of the revision in October 2014 for the sum 
of anxiolytics and hypnotics as well as BZs (Table 5, Fig. 3). 
As a whole, the means of the average daily doses were not 
decreased between March 2014 (before the notification of 
the revision in 2014) and March 2017 for antidepressants 
(Fig. 3c). On the other hand, the means of the average daily 
doses were decreased after the revision in April 2016 for the 
sum of anxiolytics and hypnotics, BZs, and antipsychotics 
(Fig. 3a, b, d).

The analysis based on the full segmented regression 
model generally yielded similar results (Tables S2 and S3 of 
the ESM). In addition, the results of the sensitivity analysis 
restricted to the patients who were continuously enrolled in 
the database during the study period supported the robust-
ness of these results (data not shown).

4 � Discussion

In this study, we investigated the effect of the polyphar-
macy reduction policy for psychotropic drugs in the period 
between April 2011 and March 2017. The proportions 
of patients with three or more anxiolytics significantly 
decreased after the introduction of the policy in 2012 as 
well as after the notification and enforcement of the revi-
sion in 2014. The proportions of patients with three or more 
hypnotics significantly decreased after the notification and 
enforcement of the revision in 2014. In addition, the propor-
tions of patients with three or more antidepressants and three 
or more antipsychotics significantly decreased after the revi-
sion in 2016. These results indicated that the polypharmacy 
reduction policy led to significant decreases in the propor-
tions of patients with three or more drugs in all categories of 
the psychotropic drugs (anxiolytics, hypnotics, antidepres-
sants, and antipsychotics). On the other hand, there were no 
significant decreases in the proportions of patients with three 
or more BZs after the policy introduction in 2012 as well 
as after the notification and enforcement of the revision in 

2014. The increases in the level of the proportion of patients 
with three or more antidepressants after the enforcement of 
the revision in October 2014 as well as with three or more 
antipsychotics after the notification of the revision in April 
2014 seemed to be due to the increases of the proportions 
of patients with three antidepressants or three antipsychotics 
after the reduction for the prescription of four or more drugs 
(Fig. S1c and S1d of the ESM). The change in the trend of 
the proportion of patients with three or more BZs after the 
introduction of the policy in April 2012 was thought to be 
due to the changes of prescriptions of anxiolytics and hyp-
notics, but there were no significant decreases after April 
2012. The proportions of patients with monotherapy were 
increased from April 2011 to March 2017 only for antide-
pressants and antipsychotics, and not changed or decreased 
for anxiolytics, hypnotics, sum of anxiolytics and hypnotics, 
BZs, and sum of psychotropic drugs. The proportions of 
patients with two or more drugs in March 2017 were still 
14.3%, 22.4%, 19.2%, and 17.9% in anxiolytics, hypnotics, 
antidepressants, and antipsychotics, and 34.3%, 32.7%, and 
50.1% in the sum of anxiolytics and hypnotics, BZs, and sum 
of psychotropic drugs, respectively.

The study using a large and representative sample of vis-
its to office-based psychiatrists in the USA reported that the 
proportions of patients with two or more drugs in 2005–6 
were 17.8%, 25.4%, and 14.9% in sedative-hypnotics, anti-
depressants, and antipsychotics, respectively [2]. The study 
using Australian pharmaceutical claims data showed that the 
proportions of patients with two or more drugs in 2015 were 
3.7%, 7.3%, and 2.9% in antidepressants, antipsychotics, and 
BZs, respectively [40]. The Research on Asian Psychotropic 
Prescription Patterns (REAP) for antidepressants reported 
that the proportions of patients with two or more antide-
pressants were 3–25% in five East Asian countries in 2004 
[41]. We cannot compare these figures directly because the 
databases, populations, and study periods were different, but 
the proportions of patients with two or more drugs within the 
drug category in Japan did not seem to be lower than these 
countries even in 2017.

In Japan, the high rate of antipsychotic polypharmacy 
compared with other countries has been known for a few 
decades [42, 43], and some clinical trials were conducted to 
simplify antipsychotic prescription in Japan [44–46]. There 
had been efforts to reduce antipsychotic polypharmacy, but 
drastic measures to address it had been needed. The poly-
pharmacy reduction policy reduced antipsychotic polyp-
harmacy and the mean daily dose of antipsychotics. The 
decreasing trend shown in the present study corresponded 
with the other report [43]. However, the REAP for antipsy-
chotics in 2016 indicated that the rate of psychotropic polyp-
harmacy including within- and between-drug categories and 
high-dose treatment for patients with schizophrenia was the 
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highest in Japan among 15 Asian countries/areas [26, 47], 
and further improvement will be needed.

The polypharmacy reduction policy in Japan had not had 
a reduction rule for the category of BZs before April 2018. 
BZs were separately classified into anxiolytics and hypnot-
ics, and therefore, if two BZs of anxiolytics and one BZ of 
hypnotics were prescribed at one time, a fees reduction was 
not applied. In the present study, there were no significant 

decreases in the proportions of patients with three or more 
BZs after the policy introduction in 2012 and the notifica-
tion and enforcement of the revision in 2014. The reduction 
policy should be applied to polypharmacy of BZs because 
they have similar mechanisms of action and safety profiles.

Various policies to reduce the prescription of BZs were 
introduced in Western countries. In the USA, Medicare Part 
D, which is a prescription drug coverage program, excluded 
BZs from coverage in 2006 [48, 49]. In the Netherlands, 
BZs were excluded from the Dutch reimbursement list when 
used as anxiolytics, hypnotics, or sedatives in 2009 [50, 51]. 
Furthermore, in France, the new payment system started in 
2012, in which general practitioners could receive monetary 
benefit in the case that they reduced the prescription of BZs 
in some criteria [52]. In the Netherlands case, the prescrip-
tion of BZs was decreased, but in the USA and France cases, 

Fig. 1   Estimated changes of the proportions of patients with three or 
more/four or more drugs by drug category based on the most parsi-
monious segmented regression model: a anxiolytics (≥ 3), b hypnot-
ics (≥ 3), c antidepressants (≥ 3), d antidepressants (≥ 4), e antipsy-
chotics (≥ 3), f antipsychotics (≥ 4), and g benzodiazepine receptor 
agonists (BZs) (≥ 3). Black circle, observed; solid line, estimated 
piecewise linear trend; dotted line, predicted curve based on an 
autoregressive model

◂

Table 5   Estimated changes of the proportions of patients above clinically recommended doses and the means of the average daily doses based on 
the most parsimonious segmented regression model

The most parsimonious model was derived from the full model by successively eliminating the least significant term with p > 0.05. Only those 
terms significant at the significance level of 0.05 at the final iteration are displayed. The time unit of trend is per year. Diazepam-equivalent 
doses for anxiolytics and hypnotics as well as BZs, imipramine-equivalent doses for antidepressants, and chlorpromazine-equivalent doses for 
antipsychotics were used. The level change parameter and its statistical significance correspond to the jump between the end of the preceding 
period and the start of the current period. The trend change parameter and its statistical significance correspond to the change in trend from the 
preceding period to the current period. Actual value of the slope in each period is computed by the sum of the baseline trend and the cumulative 
sum of the trends in the previous periods
BZs benzodiazepine receptor agonists
a Proportion of patients prescribed more than the clinically recommended doses in Japan. Values displayed are point estimates (standard errors) 
of each parameter
b Mean of the average daily doses. Values displayed are point estimates (standard errors) of each parameter

Parameter Period 2 (introduction of 
the policy)

Period 3 (notification of the 
revision in 2014)

Period 4 (enforcement of 
the revision in 2014)

Period 5 (revision in 
2016)

April 2012–March 2014 April 2014–September 2014 October 2014–March 2016 April 2016–March 2017

Intercept Baseline 
trend

Level change Trend 
change

Level 
change

Trend 
change

Level 
change

Trend change

Proportion of patients above clinically recommended doses
 Sum of anxiolytics and 

hypnotics > 15 mg/day 
(%)a

19.6607 
(0.1411)

− 0.5160 
(0.0691)

0.5013 
(0.1104)

0.6288 
(0.0905)

− 0.8028 
(0.1848)

 BZs > 15 mg/day (%)a 18.5358 
(0.1568)

− 0.3672 
(0.0766)

0.6110 
(0.1328)

0.6756 
(0.1172)

− 0.7620 
(0.2244)

 Antidepressants > 200 mg/
day (%)a

12.4249 
(0.0531)

− 0.0459 
(0.0206)

− 0.1440 
(0.0494)

0.7752 
(0.1284)

 Antipsychotics > 450 mg/
day (%)a

13.4086 
(0.1775)

− 0.9420 
(0.0862)

0.4037 
(0.1477)

1.0368 
(0.1344)

− 0.9936 
(0.2580)

Mean of average daily doses
 Sum of anxiolytics and 

hypnotics (mg/day)b
14.8746 

(0.1159)
− 0.4056 

(0.0567)
0.2834 

(0.1018)
− 0.2284 

(0.0963)
0.5580 

(0.0913)
− 0.7440 

(0.1776)
 BZs (mg/day)b 14.4497 

(0.1156)
− 0.3708 

(0.0565)
0.2773 

(0.1014)
−0.2065 

(0.0959)
0.5808 

(0.0912)
− 0.5316 

(0.1776)
 Antidepressants (mg/day)b 109.1584 

(0.3876)
1.0476 

(0.1404)
− 1.6992 

(0.2160)
1.5852 

(0.3840)
 Antipsychotics (mg/day)b 229.2387 

(2.5214)
− 7.9116 

(0.9972)
8.9544 

(2.3940)
− 16.2432 

(4.8996)
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Fig. 2   Estimated changes of the proportions of patients above clini-
cally recommended doses based on the most parsimonious segmented 
regression model: a sum of anxiolytics and hypnotics, b benzodiaze-

pine receptor agonists (BZs), c antidepressants, and d antipsychotics. 
Black circle, observed; solid line, estimated piecewise linear trend; 
dotted line, predicted curve based on an autoregressive model

the prescription of BZs was not decreased. There are limita-
tions to compare these policies because the policy charac-
teristics and environments are different between countries, 
but some political intervention will be needed in Japan based 
on the lessons from other countries. Actually, in Japan, the 
new reduction rule for BZs was introduced in April 2018, in 
which the reimbursement rates of the prescription fees are 
reduced by about 30–40% if BZs are prescribed for more 
than 12 months with the same dosage and regimen [20]. 
This fees reduction seemed to be applied in April 2019 when 
12 months passed after the rule was enforced. The effect of 
this rule needs to be investigated, but there is some doubt 
about the effect because this fees reduction is not applied if 
the dosage or regimen of BZs is changed within 12 months.

In the present study, the proportions of patients above 
clinically recommended doses were increased or not 
changed between March 2014 (before the notification of the 
revision in 2014) and March 2017 for the sum of anxiolyt-
ics and hypnotics, BZs, and antidepressants although there 
were some increases and decreases. For antipsychotics, 
the proportion of patients above clinically recommended 
doses was decreased after the revision in April 2016. There 

were immediate increases in the levels of the proportions 
of patients above clinically recommended doses for sum of 
anxiolytics and hypnotics as well as BZs after the notifi-
cation of the revision in April 2014. The increases of the 
means of the average daily doses were also identified at that 
time. The temporal increases of the doses by switching of 
medications seemed to be one of the reasons. This tendency 
corresponded with the other report [21]. The effect of the 
policy in reducing the proportions of patients above clini-
cally recommended doses was identified in antipsychotics 
after the policy revision in 2016, but not identified in the 
sum of anxiolytics and hypnotics as well as BZs after the 
notification and enforcement of the revision in 2014, and 
antidepressants after the revision in 2016. Thus, in the pre-
sent study, only limited effects were seen for reducing the 
proportions of patients above clinically recommended doses 
although the proportions of patients with three or more drugs 
were decreased after the introduction or revisions of the 
polypharmacy reduction policy. The rule considering total 
doses in addition to the number of prescribed drugs should 
be taken into account in this policy because the potency 
is different between drugs (Table S1 of the ESM). On the 
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other hand, the means of the average daily doses in the sum 
of anxiolytics and hypnotics as well as BZs were decreased 
after April 2016, although there was no policy revision for 
anxiolytics and hypnotics at that time. Further investigation 
is needed to examine the trend after March 2017.

There are some limitations in this study. First, the results 
might have been biased because of changes in the study 
population and simultaneously occurring other interventions 
[53]. However, the patient characteristics were stable during 
the study period, and the sensitivity analysis restricted to the 
patients who were continuously enrolled in the database dur-
ing the study period yielded similar results. In addition, other 
interventions, if any, should not have had a big enough impact 
to reverse the effect of the polypharmacy reduction policy 
because this policy is the only one to penalize prescribers. 
Second, because the insurance claims included a monthly sum-
mary of healthcare services provided by healthcare providers, 
drugs prescribed in each month was regarded as a simultaneous 
prescription. We did not evaluate out-of-hospital/in-hospital 
prescriptions separately and could not evaluate prescriptions 
based on psychiatry/non-psychiatry separately. However, we 
believe it is important to examine whole prescriptions for each 
patient using the claims data, which includes all prescribed 

drugs covered by the health insurance system, to evaluate the 
actual condition of psychotropic polypharmacy. Third, as men-
tioned in the methods section, we could not evaluate the effect 
of the introduction of the policy in 2012 on the proportions of 
patients above clinically recommended doses and the mean 
daily doses for the sum of anxiolytics and hypnotics as well as 
BZs because of the lack of information before April 2012. We 
were, however, able to evaluate the effect of the policy revision 
in 2014 on the proportions of patients above clinically recom-
mended doses and the means of the average daily doses. As the 
rule of the fees reduction in 2014 was much stricter than that 
in 2012 (Table 1), our study did cover the most important parts 
of the policies. Fourth, elderly patients aged ≥ 75 years were 
not included because the claims data used in this study were 
mainly for those covered by employment-based health insur-
ance. There is a limitation to generalize these findings to the 
elderly population and the population covered by other types 
of insurance. Last, we did not investigate any effectiveness 
indicators such as disease improvement or deterioration, rates 
of adverse events, medical resource utilization, and medical 
cost. Further investigation is needed to examine the effect of 
the policy on such effectiveness indicators.

Fig. 3   Estimated changes of the means of the average daily doses 
based on the most parsimonious segmented regression model: a sum 
of anxiolytics and hypnotics, b benzodiazepine receptor agonists 

(BZs), c antidepressants, and d antipsychotics. Black circle, observed; 
solid line, estimated piecewise linear trend; dotted line, predicted 
curve based on an autoregressive model
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5 � Conclusions

This study demonstrated that the polypharmacy reduction 
policy for psychotropic drugs led to decreases in the pro-
portions of patients with three or more drugs in anxiolyt-
ics, hypnotics, antidepressants, and antipsychotics, but not 
BZs. The proportions of monotherapy were increased only 
for antidepressants and antipsychotics, and not changed or 
decreased for anxiolytics, hypnotics, sum of anxiolytics 
and hypnotics, BZs, and the sum of psychotropic drugs. 
In addition, only limited effects were seen for reducing 
the proportions of patients above clinically recommended 
doses. Further investigation is needed to examine the effect 
of the following revision of the policy enforced in April 
2018 on psychotropic prescription including BZs.
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