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data

Tasuku Okui' and Jinsang Park?

Abstract

Background: In Japan, there has been no investigation of regional differences in the number or amount of prescrip-
tions of anxiolytics or hypnotics. Attributes related to the high amount of prescriptions for these drugs are unknown.
We investigated recent trends and regional differences in the amount of prescriptions of hypnotics and anxiolytics in
Japan and identified factors associated with these regional differences.

Methods: The National Database of Health Insurance Claims and Specific Health Checkups of Japan (NDB) Open
data from 2015 to 2018 were used. We calculated diazepam-equivalent doses (mg) for each drug and the total
amount of prescriptions per capita for hypnotics and anxiolytics by sex and age. In addition, we calculated the
standardized claim ratio (SCR) of the amount of prescriptions by prefecture. We investigated factors associated with
regional differences in the SCRs of hypnotics and anxiolytics using the prefectures' medical, socioeconomic, and physi-
cal characteristics by an ecological study using a linear mixed-effects model.

Results: The amount of prescriptions of hypnotics and anxiolytics, specifically, the amount of prescriptions of ben-
zodiazepine receptor agonists (BZRAs), decreased in many of the adult age groups from 2015 to 2018. The regression
analysis revealed that the number of medical clinics per capita, the number of public assistance recipients per capita,
the proportion of persons whose HbA1c > 6.5%, and the proportion of persons whose BMI >25kg/m? were positively
and significantly associated with the SCR of hypnosis. In contrast, the number of public assistance recipients per
capita and the proportion of persons whose BMI >25 kg/m? were positively and significantly associated with the SCR
of anxiolytics.

Conclusions: Factors associated with prescription amount of hypnotics and anxiolytics were revealed in this study,
and a further study is needed for investigating causal relationships between the prescriptions amount and the associ-
ated factors using individual data.
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Background

Multidrug prescriptions or polypharmacy of psycho-

tropic drugs is a significant public health problem in
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bill check and payment organization” began to decrease
when three or more types of hypnotics or anxiolytics
were prescribed simultaneously [1]. After that, restric-
tions of multidrug prescription increased every time a
medical fee revision was conducted. Prescription fees
began to be reduced from 2018 also when four or more
types of drugs (hypnotics or anxiolytics) were prescribed
simultaneously [1]. Particularly, the number of benzodi-
azepine receptor agonists (BZRAs) prescriptions is high
among hypnotics and anxiolytics in Japan [2]. Also, many
studies reported adverse effects of BZRAs, such as falls
and venous thromboembolism [3, 4]. However, in recent
years, hypnotics and anxiolytics or BZRAs prescription
trends have not been revealed using nationwide statis-
tics data. It is important to understand the attributes of
patients who receive large numbers of prescriptions and
reduce psychotropic drug use.

Some studies investigated prescription trends or the
amount of anxiolytics or hypnotics prescribed in Japan
[5, 6]. However, few studies investigated the physical or
socioeconomic attributes of patients prescribed anxio-
lytics or hypnotics [7]. Also, few studies investigated
regional differences in the prevalence of patients with
psychiatric diseases or the amount of prescriptions of
psychotropic drugs [8]. No studies investigated regional
differences in the number of prescriptions of anxiolyt-
ics or hypnotics. By revealing regional differences in the
amount of prescriptions of anxiolytics or hypnotics, and
finding factors associated with the difference, we can
infer the physical or socioeconomic attributes related to
the prescription. We can also identify prefectures with
high amount of prescriptions, and we might be able to
inspect the effect of the high number of prescriptions
on residents’ health or take some administrative meas-
ures against those prefectures. The National Database of
Health Insurance Claims and Specific Health Checkups
of Japan (NDB) has valuable data for revealing the actual
conditions of prescriptions in Japan [9]. The NDB is an
accumulation of health insurance claims data from all of
Japan. These data have been used for revealing the pre-
scription trends of some drugs [8, 10].

This study aimed to determine the trend and regional
differences in the amount of prescriptions of hypnotics
and anxiolytics in Japan using NDB data and identify the
factors associated with the regional differences by an eco-
logical study.

Methods

We used NDB Open data from 2015 to 2018 in this
analysis [11]. Aggregated data of the NDB are publicly
available as NDB Open data, and data on the amount of
prescriptions of drugs in all of Japan are also available.
We used data on the amount of prescriptions of internal
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medicines by age groups and sex and data on the amount
of prescriptions by medicines and prefectures. Data on
the amount of in-hospital, out-of-hospital, and hospi-
talization prescriptions are available, and we used all the
data. We used data on internal medicines whose generic
names are designated as hypnotics and anxiolytics by the
Ministry of Health, Labor, and Welfare [12]. Although
phenobarbital is included as a hypnotics [12], we did not
include it in the analysis because it is mainly used as an
antiepileptic drug. The drug unit is different depending
on the drug, and there were units, such as a tablet, ml, g,
capsule, and mg. Therefore, we converted the units of all
the prescription data into mg by surveying the contents
of each drug. In addition, a titer (force of drug) differs
depending on the generic name of the drug [13]. There-
fore, we calculated diazepam-equivalent doses (mg) of
the amount of prescriptions for each drug as in a previous
study [5]. However, titers of suvorexant, triclofos sodium,
hydroxyzine pamoate, ramelteon, gamma oryzanol, and
hydroxyzine hydrochloride were unknown. Thus, we
used the mean titers of other hypnotics and anziolytics as
the titers of these drugs. In addition, we obtained popula-
tion data by sex and age group from data on the survey of
the basic resident register in Japan [14]. In addition, data
of drugs whose prescription amount was not available in
all age groups or all prefectures were removed from the
analysis.

We calculated the amount of prescriptions (mg) by sex,
age group, and year per person for hypnotics, anxiolyt-
ics, BZRAs, and Z-drugs. In addition, we calculated the
amount of prescriptions per person for each prefecture
by year. Age group and sex-specific prescription data are
not available for each prefecture, and we calculated the
standardized claim ratios (SCRs) for the amount of pre-
scriptions of hypnotics and anxiolytics to correct differ-
ences in age and sex distribution among prefectures. We
used the same SCR calculation method as in previous
studies [15, 16], and the mean of the SCR is 100.

In addition, we investigated factors associated with
regional differences in the SCRs of hypnotics and anxio-
lytics using the prefectures’ medical, socioeconomic, and
physical characteristics. As medical characteristics, we
used the number of medical clinics per 100,000 persons,
the number of hospitals per 100,000 persons, the number
of pharmacies per 100,000 persons, the number of hospi-
tals with a psychiatric department per 100,000 persons,
and the number of psychiatric beds per 100,000 persons.
These variables were obtained from the Survey of medi-
cal institutions and the Report on Public Health Admin-
istration and Services [17]. We used the number of
public assistance recipients per 1000 persons and taxable
income per capita regarding socioeconomic characteris-
tics. We obtained data on the number of public assistance
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recipients from the National Survey on Public Assistance
Recipients [17]. Data on taxable income were obtained
from the Survey of Status of Taxation for Municipal Tax
[17].

Regarding physical characteristics of prefectures,
the proportion of persons with an HbAlc>6.5%, the
proportion of persons whose systolic blood pressure
(SBP) > 140mmHg, the proportion of persons whose
body mass index (BMI) > 25kg/m?, and the proportion of
persons whose triglycerides >150mg/dl were used. Per-
sons with these characteristics are diagnosed with diabe-
tes, hypertension, obesity, and dyslipidemia, respectively,
by Japanese criteria. The data on these variables came
from the Specific Health Checkups [11], which target all
the insured persons aged 40—74years in Japan [18].

We used a linear mixed-effects model to investigate
the association between the SCR and the explanatory
variables and conducted an ecological study using prefec-
ture data. We used each prefecture as a random effect in
the analysis, and adopted a random intercept and slope
model. We calculated a standardized partial regression
coefficient (SPRC) and 95% confidence intervals for each
explanatory variable. All the statistical analyses were con-
ducted using R version 3.6.3 [19].

Results

Table 1 shows the number of drugs for hypnotics and
anxiolytics available in the NDB Open data by each
generic name of drug and year. BZRAs account for most
hypnotics and anxiolytics. The yearly fluctuation in the
number of drugs in the data for each generic name was
relatively small.

Table 2 shows the prescription amount (Diazepam-
equivalent doses in milligrams) per capita by type of
drugs for men. BZRAs comprise most of the amount of
prescriptions of hypnotics and anxiolytics. The amount
of prescriptions decreased in many age groups except
for younger age groups. This decrease did not occur in
Z-drugs in young and middle-aged persons, although a
decrease was observed among older age groups.

Table 3 shows the prescription amount (Diazepam-
equivalent doses in milligrams) per capita by type of
drug for women. BZRAs comprise most of the amount
of prescriptions of hypnotics and anxiolytics as in men.
The amount of prescriptions of hypnotics and anxiolytics
tended to be greater compared to men in older ages, and
the decrease in Z-drugs prescriptions for women over the
years was not observed in the oldest age groups, unlike
that which was observed in men.

Table 4 shows the SCRs of hypnotics and anxiolytics
for each prefecture and year. The SCR of hypnotics for
Hokkaido was the largest every year, and the SCR of anxi-
olytics for Akita was the largest every year. On the other
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hand, the SCR for Fukui tended to be the smallest among
prefectures both for hypnotics and anxiolytics.

Table 5 shows the SCRs of BZRAs and Z-drugs for each
prefecture and year. The SCR for Hokkaido and Akita
were particularly large in the periods for BZRAs. On
the other hand, the SCR for Nagasaki was the largest for
Z-drugs throughtout the periods.

Table 6 shows the results of regression analysis. The
number of medical clinics per 100,000 persons, the num-
ber of public assistance recipients per 1000 persons, the
proportion of persons whose HbAlc > 6.5%, and the pro-
portion of persons whose BMI >25kg/m? were positively
and significantly associated with the SCR of hypnosis. In
contrast, The number of public assistance recipients per
1000 persons and the proportion of persons whose BMI
>25kg/m?* were positively and significantly associated
with the SCR of anxiolytics.

Discussion

We showed trends and regional differences in the amount
of prescriptions of hypnotics and anxiolytics in all of
Japan in recent years. We also identified factors associ-
ated with regional differences. BZRAs account for most
of the prescriptions of hypnotics and anxiolytics in Japan,
whereas the amount of BZRAs prescriptions decreased
in the periods. We interpret the results and discuss pos-
sible reasons for the results below.

One possible factor for the decrease of BZRA prescrip-
tions is the recent publication of guidelines concerning
these prescriptions. The Japan Geriatrics Society pub-
lished the “Guidelines for Medical Treatment and Its
Safety In The Elderly 2015” In this guideline, benzodi-
azepines and Z-drugs (non-benzodiazepines) were des-
ignated drugs to be prescribed with caution in elderly
persons [20]. BZRAs consist of benzodiazepines and
Z-drugs [21, 22]. Benzodiazepines were already not rec-
ommended in some guidelines before the analysis peri-
ods [23, 24], and Z-drugs were also designated as drugs
that need to be prescribed with caution in 2015. BZRAs
comprise most of the prescribed hypnotics and anxiolyt-
ics in Japan, and a decrease in the amount of BZRAs pre-
scriptions led to a decrease in hypnotics and anxiolytics.
In addition, some medical fee revisions were conducted
in the 2010s to regulate multidrug prescriptions of hyp-
notics and anxiolytics, as explained in the Introduction
[1], and it is also considered related to the decrease of
amount of prescriptions.

Number of medical clinics per capita was found to be
associated with regional differences in the prescription
amounts of hypnotics. It might be natural that the pre-
scription amount increases as the number of medical
clinics with a psychiatric department increase because
psychotropic drugs are prescribed in medical clinics;
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Table 1 Number of types of drugs by generic name of drug and year in the data

Year
Typr of drug Hypnotics Anxiolytics BZRAs Z-drugs 2015 2016 2017 2018
Estazolam (@) (@) 9 9 9 10
Flurazepam (@) (@) 1 1 1 1
Nitrazepam @) O 16 14 14 14
Nimetazepam (@) (@) 1 0 0 0
Triazolam (@) (@) 19 17 17 17
Flunitrazepam (@) @) 21 22 22 24
Brotizolam (@) (@) 40 43 45 41
Lormetazepam O O 5 5 4 3
Oxazolam (@) (@) 2 2 2 2
Cloxazolam @] O 6 6 6 6
Diazepam O O 25 24 24 23
Fludiazepam O O 2 2 2 2
Bromazepam (@) (@) 13 13 13 13
Medazepam (@) (@) 2 1 1 0
Lorazepam O O 12 12 12 12
Alprazolam O O 18 15 15 15
Flutazolam O (@) 1 0 0 0
Tofisopam O O 6 9 8 7
Flutoprazepam O (@) 1 0 0 0
Ethyl loflazepate O O 8 9 9 9
Quazepam O O 4 3 3 2
Triclofos sodium O 3 3 3 3
Rilmazafone O O 10 10 10 10
Zopiclone O (@) O 17 17 15 15
Tandospirone citrate (@) 5 3 3 4
Zolpidem @] O @] 39 46 49 54
Eszopiclone O O O 7 7 7 8
Hydroxyzine hydrochloride O 2 2 2 2
Clotiazepam (@) (@) 10 10 10 10
Hydroxyzine pamoate O 3 3 3 3
Etizolam @) @) 38 37 37 39
Ramelteon (@) 3 3 3 3
Suvorexant O 6 9 9
Gamma Oryzanol (@) 32 29 30 26

BZRAs benzodiazepine receptor agonists

however, it is unclear why the association was observed
only for hypnotics.

The number of public assistance recipients was posi-
tively associated with the regional amount of hypnotics
and anxiolytics prescriptions. There is little evidence for
an association between socioeconomic indicators and
use of hypnotics or anxiolytics in Japan [7]. However, the
prevalence of psychological distress is higher in persons
with a low socioeconomic status in Japan [25, 26]. In
addition, there is an association between unemployment
and insomnia symptoms among working-age persons in

Japan [27]. One study showed that higher-grade employ-
ees had better sleep quality than lower grades in Japanese
men [28]. Moreover, patients with sleep disturbances
in whom hypnotics and anxiolytics are prescribed have
some difficulties in working than the general population
[29, 30], and some of these patients may become public
assistance recipients. The prevalence of psychiatric dis-
eases among public assistance recipients is known to be
high in Japan [31]. Therefore, it is considered that the
high prevalence of sleep disorder and anxiety symptoms
in persons of low socioeconomic status or patients with
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Table 4 The SCRs of hypnotics and anxiolytics for each prefecture and year

Hypnotics Anxiolytics
Prefecture 2015 2016 2017 2018 2015 2016 2017 2018
Hokkaido 1327 1316 1309 1323 123.0 1253 1235 126.8
Aomori 815 83.0 823 829 1274 1287 1247 1243
Iwate 86.3 85.1 86.3 86.3 118.8 1185 116.0 1174
Miyagi 99.8 99.7 96.8 97.3 122.0 1215 120.2 120.8
Akita 111.0 110.1 110.5 110.1 1511 150.1 148.2 145.8
Yamagata 106.2 107.3 109.1 108.5 1111 1120 111.0 1120
Fukushima 1139 1126 1134 1127 120.5 1216 1221 1213
Ibaraki 82.0 83.0 83.2 824 924 914 90.8 913
Tochigi 93.8 937 927 927 103.8 1024 101.2 100.8
Gunma 1009 102.1 102.7 1029 1084 109.0 109.7 1117
Saitama 81.2 814 813 80.8 89.9 90.5 90.9 90.3
Chiba 80.7 82.1 80.9 822 87.7 87.6 876 875
Tokyo 1120 1123 111.0 110.1 1135 1135 1141 1132
Kanagawa 88.6 88.6 87.5 89.0 89.9 91.2 919 914
Niigata 94.7 933 93.1 923 1119 110.0 107.8 106.0
Toyama 84.9 83.6 859 86.2 89.7 894 879 90.3
Ishikawa 85.8 84.6 85.8 859 89.0 88.1 87.3 86.6
Fukui 84.1 84.1 85.7 84.1 80.0 79.9 78.8 79.2
Yamanashi 97.8 95.7 92.5 90.7 87.9 85.8 83.5 83.1
Nagano 1014 1029 1025 102.6 983 983 98.6 989
Gifu 94.2 943 94.8 949 88.1 87.5 879 87.8
Shizuoka 87.1 883 88.1 883 824 83.0 833 84.8
Aichi 99.4 1004 99.4 100.7 93.6 925 915 90.5
Mie 89.8 89.7 91.8 90.3 105.9 104.5 104.8 102.7
Shiga 90.9 87.0 87.9 88.7 86.3 83.8 83.6 82.0
Kyoto 105.8 104.5 105.1 104.0 84.9 834 827 823
Osaka 1104 1109 1105 1104 98.9 98.7 99.8 100.0
Hyogo 100.6 99.2 98.7 98.0 99.7 99.3 99.1 988
Nara 90.9 91.5 932 929 90.2 90.2 91.0 916
Wakayama 1132 1146 1185 1171 1213 1223 1236 1243
Tottori 870 853 85.2 829 87.8 89.0 88.7 88.1
Shimane 107.6 107.3 1074 106.2 96.9 96.5 98.1 979
Okayama 110.1 1083 107.3 104.2 97.2 96.2 96.1 94.8
Hiroshima 113.1 1121 110.6 109.8 101.3 99.9 100.2 99.9
Yamaguchi 94.0 94.1 923 93.7 101.6 101.5 1024 103.6
Tokushima 90.2 89.9 90.8 90.4 100.2 100.5 1009 102.0
Kagawa 97.1 976 97.7 100.1 97.8 97.7 98.0 984
Ehime 100.5 101.5 103.7 104.5 99.0 97.7 98.6 100.3
Kochi 101.3 102.9 99.8 100.9 109.8 109.1 108.9 108.2
Fukuoka 116.2 1164 119.8 117.8 91.9 932 94.0 94.7
Saga 101.6 103.0 107.2 105.8 844 844 86.1 87.0
Nagasaki 108.5 106.9 1113 1122 92.7 93.7 94.9 95.7
Kumamoto 90.6 92.1 934 94.8 98.1 101.1 101.3 1014
Oita 1133 1112 117.2 116.1 988 99.5 101.0 102.2
Miyazaki 106.0 1069 107.4 107.8 984 98.0 97.2 98.1
Kagoshima 904 90.7 929 955 97.5 96.5 989 99.8
Okinawa 955 94.7 983 100.0 953 95.8 959 955

SCR standardized claim ratio
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Table 5 The SCRs of BZRAs and Z-drugs for each prefecture and year

BZRAs Z-drugs
Prefecture 2015 2016 2017 2018 2015 2016 2017 2018
Hokkaido 128.7 129.1 1281 130.8 1224 1174 116.3 1175
Aomori 1004 1013 99.1 984 77.8 784 782 77.8
Iwate 100.0 99.1 98.5 98.6 88.2 84.4 84.1 84.8
Miyagi 109.9 109.0 1071 106.9 97.0 96.5 928 91.1
Akita 1284 1273 126.6 124.7 103.2 99.5 100.0 100.5
Yamagata 108.3 109.5 110.2 110.1 92.1 919 939 94.1
Fukushima 1172 1176 1177 1173 115.5 114.2 1132 1126
Ibaraki 86.3 86.6 86.2 86.1 679 694 704 72.3
Tochigi 98.2 97.8 96.3 96.4 843 83.7 822 843
Gunma 103.7 1053 105.7 1073 73.7 74.8 76.2 79.0
Saitama 85.2 85.8 85.7 853 783 81.7 819 83.2
Chiba 836 84.1 835 84.1 829 83.1 83.1 82.0
Tokyo 1129 1133 1126 1122 118.0 1216 1220 1230
Kanagawa 89.2 89.6 89.6 89.9 923 94.8 96.1 97.0
Niigata 101.9 100.1 99.0 974 95.5 933 91.1 89.9
Toyama 86.9 86.1 86.2 87.8 84.5 80.9 79.5 81.8
Ishikawa 86.8 85.7 853 85.0 105.8 103.5 102.2 101.8
Fukui 82.0 81.8 82.1 81.0 95.1 916 90.6 9.7
Yamanashi 926 90.5 87.9 85.9 1034 1024 99.0 96.3
Nagano 99.8 100.2 1004 99.5 83.1 84.7 87.0 874
Gifu 923 926 929 933 1039 1034 1023 101.7
Shizuoka 84.6 85.0 855 84.8 90.1 90.8 90.9 90.5
Aichi 96.8 96.6 95.8 95.9 102.5 102.1 100.0 994
Mie 95.8 95.7 96.5 95.6 785 80.5 80.9 816
Shiga 879 84.7 85.1 85.2 80.9 794 80.9 829
Kyoto 97.1 96.3 96.2 964 984 97.5 95.8 95.8
Osaka 105.5 1054 106.1 106.3 1121 111.5 1118 111.5
Hyogo 100.0 99.1 98.7 984 109.9 108.1 106.1 105.6
Nara 90.3 90.8 91.9 92.5 91.2 90.7 89.8 89.3
Wakayama 116.6 118.1 1211 1216 102.7 104.5 106.1 102.9
Tottori 879 87.8 87.0 84.8 80.3 773 756 744
Shimane 103.9 104.3 104.2 103.6 1128 109.7 1108 1120
Okayama 103.7 102.7 1013 99.5 98.6 939 934 923
Hiroshima 108.0 106.4 106.0 104.5 108.7 106.3 105.2 102.4
Yamaguchi 97.3 97.1 9.3 97.0 1173 1134 1134 1119
Tokushima 94.6 94.9 95.1 953 95.0 96.0 93.6 90.7
Kagawa 974 97.2 98.2 98.7 86.8 86.3 854 86.4
Ehime 99.8 99.8 101.6 102.7 1035 104.1 103.7 103.9
Kochi 105.0 104.8 103.7 102.7 115.8 1143 1128 110.7
Fukuoka 106.2 1073 1094 109.1 107.2 1074 108.8 106.5
Saga 94.5 95.7 98.6 98.7 98.1 99.6 98.7 95.7
Nagasaki 101.2 101.2 104.2 105.8 134.5 1313 133.0 1334
Kumamoto 928 93.6 94.6 94.2 103.7 1039 1064 1079
Oita 106.6 106.7 110.7 1121 104.4 104.4 107.6 107.6
Miyazaki 1033 103.1 103.9 104.1 114.5 115.0 116.7 115.8
Kagoshima 94.0 934 95.7 98.0 96.5 100.2 105.7 107.8
Okinawa 954 94.5 97.1 96.0 108.2 106.0 111.6 109.6

SCR standardized claim ratio; BZRAs benzodiazepine receptor agonists
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Table 6 Result of the regression analysis

Hypnotics Anxiolytics
Explanatory variable SPRC (95% CI) p-value SPRC (95% Cl) p-value
Year —0.096 (—0.202, 0.008) 0.081 —0.055 (—0.132,0.020) 0.161
Medical characteristics
Number of hospitals per 100,000 persons 0.141 (=0.267, 0.540) 0.506 —0.215(=0.551,0.123) 0.205
Number of medical clinics per 100,000 persons 0.296 (0.049, 0.551) 0.026 0.001 (—0.206, 0.210) 0.996
Number of pharmacies per 100,000 persons 0.152 (—0.034, 0.343) 0.122 —0.004 (—0.140,0.137) 0.960
Number of hospitals with a psychiatric department per 0.018 (=0.178,0.219) 0.858 0.051 (—0.079, 0.185) 0.453
100,000 persons
Number of psychiatric beds per 100,000 persons —0.347 (= 0.751,0.064) 0.105 0.148 (—0.155,0.451) 0.350
Socioeconomic characteristics
Number of public assistance recipients per 1000 persons 0.296 (0.072,0.522) 0.015 0.284 (0.096, 0.476) 0.004
Taxable income per capita —0.138 (—0.403,0.131) 0.326 —0.075 (—0.280,0.131) 0486
Physical characteristics
Proportion of persons whose HbA1c > 6.5% 0.142 (0.078,0.205) <0.001 0.029 (—0.011, 0.068) 0.165
Proportion of persons whose SBP > 140 mmHg —0.045 (—=0.122,0.032) 0.230 0.024 (—0.024,0.073) 0.327
Proportion of persons whose BMI > 25 kg/m? 0.289 (0.031, 0.545) 0.032 0.201 (0.008, 0.398) 0.045
Proportion of persons whose triglycerides >150mg/d| —0.100 (—0.204, 0.009) 0.074 —0.034 (—0.103,0.037) 0.338

SPRC standardized partial regression coefficient; C/ confidence intervals; SBP, systolic blood pressure; BMI body mass index

psychiatric diseases in a prefecture affected many anxio-
lytics and hypnotics prescriptions in the prefecture.

Prevalence of obesity was positively associated with
a higher amount of the prescriptions of hypnotics and
anxiolytics, and prevalence of diabetes was also positively
associated with the prescription of hypnotics. Obesity
was correlated with high psychiatric agent use among
prefectures in Japan [8], and this study indicated a simi-
lar result for hypnotics and anxiolytics. Sleep disturbance
and obesity are closely associated, and sleep disturbance
and obesity mutually affect each other [32]. In addition,
sleeping pill users had a higher risk of metabolic syn-
drome in Japan [33]. Moreover, an association between
psychiatric disease and diabetes [34] is known, and a high
prevalence of obesity and diabetes was observed in out-
patients with schizophrenia in Japan [35]. Mental health
problems are comorbidities of diabetes [36], and diabetes
or obesity patients often use hypnotics and anxiolytics.
In addition, it is considered that patients with psychiatric
diseases tend to be obese or diabetic because occurring
psychiatric diseases can lead to poverty. Low socioeco-
nomic status is associated with a high prevalence of obe-
sity or diabetes in Japan [37, 38].

No studies investigated regional differences in sleep
disorders or anxiety disorders in Japan, and it is consid-
ered that regional differences in the amount of hypnot-
ics and anxiolytics prescriptions indicate differences in
the number of patients with these diseases. However,
BZRAs comprise most hypnotics and anxiolytics pre-
scriptions in Japan, and patients in prefectures with

more prescriptions are more exposed to BZRAs. There-
fore, prefectures with a particularly high amount of the
prescriptions need to take measures to reduce them for
the health of residents. Prefectures with a particularly
high amount of the prescriptions need to protect high-
risk persons, such as individuals with low socioeconomic
status and patients with lifestyle-related diseases, from
occuirng psychiatric diseases. In addition, there might
be cases where unnecessary multidrug prescriptions of
hypnotics and anxiolytics are habitually provided, and
it is important for physicians in regions with a particu-
larly high amount of the prescriptions to recheck their
prescriptions behaviors. Moreover, it will be meaning-
ful to investigate the current conditions of prescriptions
against public assistance recipients to determine whether
they received inappropriate multidrug prescriptions. Fur-
thermore, differences in the amount of hypnotics and
anxiolytics prescriptions affect regional differences in
medical costs. The social cost of insomnia and anxiety
disorder is estimated to be enormous in Japan [39, 40].
Therefore, finding a way to reduce the regional difference
in the amount of prescriptions will help reduce medical
costs in Japan.

There are several limitations to this study. First, it is an
ecological study, and an epidemiological study investigat-
ing an association between the amount of prescriptions
and persons’ physical and socioeconomic characteristics
using individual data is needed to verify the results. Sec-
ond, there were a few drugs whose titer (force value) was
unknown, and we complemented the mean of titers for
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these drugs. A study investigating titers of new drugs is
also warranted. Third, data on the top 100 drugs whose
prescribed number is high are publicly available for each
therapeutic category in the NDB Open data, and data
on drugs whose prescribed number is low are not avail-
able. A study using NDB data comprising all hypnotics
and anxiolytics is also needed to verify the results of this
study. Similarly, there were cases where the prescribed
amount of some drugs was unavailable in some age
groups because the prescribed amount is not published
in the NDB Open data when the prescribed number is
below 10 in an age group. Fourth, it is also important to
know the number of patients prescribed with hypnotics
and anxiolytics or the prescribed amount per patient,
whereas these values are unavailable from the NDB Open
data. A study investigating these indicators using NDB
data is also warranted. Additionally, there is a possibility
that a decrease in the prescription amount was caused
by the decrease in the number of patients; however, the
prevalence of mental service use has increased in the past
decade in Japan [41]. Moreover, the estimated number of
patients with neurotic, stress-related, and somatoform
disorders, psychiatric diseases, and sleep disorders has
been increasing in Japan over recent decades [42]. There-
fore, it is likely that the decrease in the prescription is
not caused by the decrease in the number of patients or
medical service use rates. Fifth, the diagnosis and indica-
tion might have changed over the analyzed years, and it is
a possible confounder of the trend observed in prescrip-
tion amounts. However, there is no evidence of change
in the diagnosis criteria or decrease in indication of the
psychotropic drugs over the analyzed time periods. A
study using individual-level data is warranted to take into
account for disease prevalence in the analysis.

Sixth, we used the data of Special Health Checkups,
which cover only physical characteristics of persons aged
40-74years. We used this data because they are national
data covering approximately half of all persons aged
40-74years in Japan and because it is the only available
source of national data that covers the physical character-
istics of each prefecture in Japan over the analyzed time
periods. On the other hand, data of the physical charac-
teristics do not represent the true values of persons in
all ages for prefectures, and statistically biased estimates
were obtained in this study. However, we could not eval-
uate degree of the bias for using these data, and this is a
limitation of this study. It is also possible that the results
do not much change when using true values of physical
characteristics instead of the Specific Health Checkups
data because it is considered that the values of physical
characteristics for persons aged 40—74years and those of
all ages are correlated among prefectures. Actually, it was
shown in previous studies that aggregated values of the
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physical characteristics in the Specific Health Checkups
were significantly associated with population health out-
comes (i.e., life expectancy and healthy life expectancy)
across prefectures [43, 44].

Conclusions

We investigated the regional differences in the amount
of hypnotics and anxiolytics prescriptions in Japan and
identified factors associated with these regional differ-
ences by an ecological study. The amount of hypnot-
ics and anxiolytics prescriptions, specifically those for
BZRAs, decreased in many age groups in adults from
2015 to 2018. The regression analysis revealed that the
number of medical clinics per capita, the number of
public assistance recipients per capita, the proportion of
persons whose HbAlc> 6.5%, and the proportion of per-
sons whose BMI >25kg/m?* were positively and signifi-
cantly associated with the SCR of hypnosis. In contrast,
The number of public assistance recipients per capita and
the proportion of persons whose BMI >25kg/m?* were
positively and significantly associated with the SCR of
anxiolytics.

Abbreviations

SPRC: standardized partial regression coefficient; Cl: confidence intervals; SBP:
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BZRAs: Benzodiazepine receptor agonists; NDB: National Database of Health
Insurance Claims and Specific Health Checkups of Japan.

Acknowledgments
Enago has proofread the manuscript.

Authors’ contributions

Conceptualization: TO, JP. Data curation: TO. Formal analysis: TO. Methodology:
TO. Funding acquisition: JP. Writing- original draft: TO. Writing - review & edit-
ing: TO, JP. The author(s) read and approved the final manuscript.

Funding
This research was supported by the JSPS KAKENHI Grant Number 21K17231.

Availability of data and materials

The data used in this study can be obtained from websites of government
statistics in Japan. Population data were obtained from the Survey of the
basic resident register ([cited 1 August 2021]. Available from: https://www.e-
stat.gojp/stat-search/files?page=18&toukei=00200241&tstat=0000010395
91). Data on the medical and socioeconomic characteristics in prefectures
were obtained from e-Stat General counter for government statistics([cited
1 August 2021]. Available from: https://www.e-stat.gojp/regional-statistics/
ssdsview). Data on the prescription amount and the physical characteristics
for prefectures were obtained from NDB Open data ([cited 1 August 2021].
Available from: https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/00001
77182.html).

Declarations

Ethics approval and consent to participate

All the methods were carried out in accordance with relevant guidelines

and regulations. An ethical approval by an institutional review board is not
required for this study because we analyzed aggregated data that are publicly
available as government statistics. Informed consent is also not needed for


https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00200241&tstat=000001039591
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00200241&tstat=000001039591
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00200241&tstat=000001039591
https://www.e-stat.go.jp/regional-statistics/ssdsview
https://www.e-stat.go.jp/regional-statistics/ssdsview
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000177182.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000177182.html

Okui and Park BMC Psychiatry (2022) 22:44

this study because we did not obtain the data from individual patients, and
individual information are not included in the data.
Not applicable.

Consent for publication.
Not applicable.

Competing interests
The authors have no conflict of interest associated with the material pre-
sented in this paper.

Author details

"Medical Information Center, Kyushu University Hospital, 812-8582 Maid-
ashi3-1-1 Higashi-ku, Fukuoka City, Fukuoka Prefecture, Japan. 2Department
of Pharmaceutical Sciences, International University of Health and Welfare,
831-8501 Enokizu 137-1, Okawa, Fukuoka Prefecture, Japan.

Received: 5 August 2021 Accepted: 14 December 2021
Published online: 19 January 2022

References

1. Ministry of Health, Labour and Welfare. Medical fee revision. https://www.
mhlw.go.jp/stf/seisakunitsuite/bunya/0000106602.html. Accessed 1T Aug
2021. (in Japanese).

2. Murasaki M. Current status and prospects of psychotropic drugs in Japan
—aiming fror 21th century. Jon J Clin Psychopharmacol. 2001;4:3-27 (in
Japanese).

3. ChenTY, Winkelman JW, Mao WC, Tzeng NS, Kuo TBJ, Yang CCH, et al.
Real-world evidence on the use of benzodiazepine receptor agonists
and the risk of venous thromboembolism. J Thromb Haemost. 2020
Nov;18(11):2878-88.

4. Lee JY, Farrell B, Holbrook AM. Deprescribing benzodiazepine receptor
agonists taken for insomnia: a review and key messages from practice
guidelines. Pol Arch Intern Med. 2019 Jan 31;129(1):43-9.

5. Hirano, liY.Changes in prescription of psychotropic drugs after intro-
duction of Polypharmacy reduction policy in Japan based on a large-
scale claims database. Clin Drug Investig. 2019 Nov;39(11):1077-92.

6. Inada K, Enomoto M, Yamato K, Mishima K. Prescribing pattern of hyp-
notic medications in patients initiating treatment at Japanese hospitals:
a Nationwide, Retrospective, Longitudinal, Observational Study Using a
Claims Database. Drugs Real World Outcomes. 2021.

7. DoiY,Minowa M, Okawa M, Uchiyama M. Prevalence of sleep disturbance
and hypnotic medication use in relation to sociodemographic factors in
the general Japanese adult population. J Epidemiol. 2000;10(2):79-86.

8. Matsumoto J, Hirano Y, Sudo C, Shimizu E, Yokote K. Relationship
between the number of adult obesity and neuropsychiatric prescription
drugs. Chiba Survey Res J. 2018;7(1):14-20.

9. Nakayama T, Imanaka Y, OkunoY, Kato G, Kuroda T, Goto R, Tanaka S,
Tamura H, Fukuhara S, Fukuma S, Muto M, Yanagita M, Yamamoto Y;
BiIDAME: Big Data Analysis of Medical Care for the Elderly in Kyoto.
Analysis of the evidence-practice gap to facilitate proper medical care
for the elderly: investigation, using databases, of utilization measures
for National Database of Health Insurance Claims and Specific Health
Checkups of Japan (NDB). Environ Health Prev Med. 2017;22(1):51.

10. Inoue R, Nishi H, Tanaka T, Nangaku M. Regional variance in patterns
of prescriptions for chronic kidney disease in Japan. Clin Exp Nephrol.
2019,23(6):859-64.

11. Ministry of Health, Labour and Welfare of Japan. NDB Open. https.//www.
mhlw.go.jp/stf/seisakunitsuite/bunya/0000177182.html. Accessed 1
August 2021. (in Japanese).

12. Chart of medical fees (April 2018). 1st ed. Tokyo: Igakutusinsya; 2018.

13. Inagaki A, Inada T. Dose equivalence of psychotropic drugs. Part 24:
dose equivalence of anti-anxiolytics/hypnotics: eszopiclone. Jpn J Clin
Psychopharmacol. 2012;15:1403-6 (in Japanese).

14. Ministry of Internal Affairs and Communications. The Survey of popula-
tion, demographics, and household number based on the basic resident
register. https://www.e-stat.go.jo/stat-search/files?page=1&toukei=
00200241&tstat=000001039591. Accessed 1 August 2021. (in Japanese).

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

Page 11 of 12

. TairaK, MoriT, Ishimaru M, lwagami M, Sakata N, Watanabe T, et al.

Regional inequality in dental care utilization in Japan: an ecological study
using the National Database of health insurance claims. Lancet Regional
Health - Western Pacific. 2021.

. Tamaki J, Fujimori K, Ikehara S, Kamiya K, Nakatoh S, Okimoto N, et al. Iki

M; working Group of Japan Osteoporosis Foundation. Estimates of hip
fracture incidence in Japan using the National Health Insurance Claim
Database in 2012-2015. Osteoporos Int. 2019 May;30(5):975-83.

. Ministry of Internal Affairs and Communications. State of prefectures

and municipalities (System of social and demographic statistics). https://
www.e-stat.go,jp/regional-statistics/ssdsview. Accessed 1 August 2021.
(in Japanese).

. Tsushita K, S Hosler A, Miura K, Ito Y, Fukuda T, Kitamura a, Tatara K. ration-

ale and descriptive analysis of specific health guidance: the Nationwide
lifestyle intervention program targeting metabolic syndrome in Japan. J
Atheroscler Thromb 2018;25(4):308-322.

. R CoreTeam. R: A language and environment for statistical computing. R

Foundation for Statistical Computing, Vienna, Austria. [cited 2021 Octo-
ber 14]. Available from: https://www.R-project.org/.

The Japan Geriatrics Society. Guidelines for medical treatment and

its safety in the elderly 2015. Tokyo: Medical View Co., Ltd,; 2015. (in
Japanese)

Wang MT, Wang YH, Chang HA, Tsai CL, Yang YS, Lin CW, et al. Benzodi-
azepine and Z-drug use and risk of pneumonia in patients with chronic
kidney disease: a population-based nested case-control study. PLoS One.
2017;12(7):e0179472.

Grimmsmann T, Harden M, Fi T, Himmel W. The influence of hospitalisa-
tion on the initiation, continuation and discontinuation of benzodiaz-
epines and Z-drugs - an observational study. Swiss Med Wkly. 2018 Feb
14;148:w14590.

American Geriatrics Society 2012 Beers Criteria Update Expert Panel.
American Geriatrics Society updated Beers Criteria for potentially
inappropriate medication use in older adults. J Am Geriatr Soc.
2012,60(4):616-31.

The Japanese Society of Sleep Research. Clinical Practice Guideline for
the proper use and cessation of hypnotics. http://www.jssr.jp/data/pdf/
suiminyaku-guideline.pdf. Accessed 1 Aug 2021. (in Japanese).

KachiY, Abe A, Ando E, Kawada T. Socioeconomic disparities in psy-
chological distress in a nationally representative sample of Japanese
adolescents: a time trend study. Aust N Z J Psychiatry. 2017,51(3):278-86.
Fukuda 'Y, Hiyoshi A. Influences of income and employment on psycho-
logical distress and depression treatment in Japanese adults. Environ
Health Prev Med. 2012;17(1):10-7.

Maeda M, Filomeno R, Kawata Y, Sato T, Maruyama K, Wada H, et al. Asso-
ciation between unemployment and insomnia-related symptoms based
on the comprehensive survey of living conditions: a large cross-sectional
Japanese population survey. Ind Health. 2019;57(6):701-10.

Sekine M, Chandola T, Martikainen P, McGeoghegan D, Marmot M, Kag-
amimori S. Explaining social inequalities in health by sleep: the Japanese
civil servants study. J Public Health (Oxf). 2006;28(1):63-70.

Ishibashi Y, Shimura A. Association between work productivity and sleep
health: a cross-sectional study in Japan. Sleep Health. 2020;6(3):270-6.
Bolge SC, Doan JF, Kannan H, Baran RW. Association of insomnia with
quality of life, work productivity, and activity impairment. Qual Life Res.
2009;18(4):415-22.

Ministry of Health, Labour and Welfare of Japan. Number of suicides
among recipients of public assistance. ttps://www.mhlw.go.jp/stf/hou-
dou/2r985200000050lm-img/2r9852000000500v.pdf. Accessed 1 Aug
2021. (in Japanese).

Beccuti G, Pannain S. Sleep and obesity. Curr Opin Clin Nutr Metab Care.
2011;14(4):402-12.

Izumida T, Nakamura Y, Sato Y, Ishikawa S. The association between sleep-
ing pill use and metabolic syndrome in an apparently healthy population
in Japan: JMS-Il cohort study. J Epidemiol. 2020;7.

Maia AC, Braga Ade A, Brouwers A, Nardi AE. Oliveira e Silva AC. Preva-
lence of psychiatric disorders in patients with diabetes types 1 and 2.
Compr Psychiatry. 2012;53(8):1169-73.

Sugai T, Suzuki Y, Yamazaki M, Shimoda K, Mori T, Ozeki Y, et al. High
prevalence of obesity, hypertension, hyperlipidemia, and diabetes mel-
litus in Japanese outpatients with schizophrenia: a Nationwide survey.
PLoS One. 2016;11(11):e0166429.


https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000106602.html.%20Accessed%201%20Aug%202021
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000106602.html.%20Accessed%201%20Aug%202021
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000106602.html.%20Accessed%201%20Aug%202021
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000177182.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000177182.html
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00200241&tstat=000001039591
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00200241&tstat=000001039591
https://www.e-stat.go.jp/regional-statistics/ssdsview
https://www.e-stat.go.jp/regional-statistics/ssdsview
https://www.r-project.org/
http://www.jssr.jp/data/pdf/suiminyaku-guideline.pdf
http://www.jssr.jp/data/pdf/suiminyaku-guideline.pdf
http://www.mhlw.go.jp/stf/houdou/2r98520000005olm-img/2r98520000005oov.pdf
http://www.mhlw.go.jp/stf/houdou/2r98520000005olm-img/2r98520000005oov.pdf

Okui and Park BMC Psychiatry

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2022) 22:44

Ducat L, Philipson LH, Anderson BJ. The mental health comorbidities of
diabetes. JAMA. 2014;312(7):691-2.

Nakamura T, Nakamura Y, Saitoh S, Okamura T, Yanagita M, Yoshita K,

Kita Y, Murakami Y, Yokomichi H, Nishi N, Okuda N, Kadota A, Ohkubo T,
Ueshima H, Okayama A, Miura K. Relationship Between Socioeconomic
Status and the Prevalence of Underweight, Overweight or Obesity in a
General Japanese Population: NIPPON DATA 2010. J Epidemiol. 2018;28
(Suppl 3):510-S16.

Hayashino Y, Yamazaki S, Nakayama T, Sokejima S, Fukuhara S. The
association between socioeconomic status and prevalence of diabetes
mellitus in rural Japan. Arch Environ Occup Health. 2010;65(4):224-9.
Sado M, Takechi S, Inagaki A, Fujisawa D, Koreki A, Mimura M, et al. Cost
of anxiety disorders in Japan in 2008: a prevalence-based approach. BMC
Psychiatry. 2013;13:338.

Wade AG. The societal costs of insomnia. Neuropsychiatr Dis Treat.
2010;7:1-18.

Nishi D, Ishikawa H, Kawakami N. Prevalence of mental disorders

and mental health service use in Japan. Psychiatry Clin Neurosci.
2019;73(8):458-65.

Ministry of Health, Labour and Welfare of Japan. Patient Survey. https://
www.e-stat.gojp/stat-search/files?page=18&toukei=00450022&tstat=
000001031167. Accessed 14 Oct 2021. (in Japanese).

NagakuraY, Kato H, Asano S, Jinno Y, Tanei S. The significant association
between health examination results and population health: a cross-
sectional ecological study using a nation-wide health checkup database
in Japan. Int J Environ Res Public Health. 2021;18(2):836.

Inoue H, Suzuki T, Kojima M, Inoshita E, Lee J, Tanaka S, Fujiyoshi A,
Hayakawa T, Miura K. [factors related to life expectancy in prefectures: an
ecological study using the National Database]. Nihon Koshu Eisei Zasshi.
2019;66(7):370-377. Japanese.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450022&tstat=000001031167
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450022&tstat=000001031167
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450022&tstat=000001031167

	Analysis of regional differences in the amount of hypnotic and anxiolytic prescriptions in Japan using nationwide claims data
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgments
	References


