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Introduction

The rate of multimorbidity, whereby patients are 
affected by multiple chronic illnesses, is increasing in 
ageing populations (1). Older adults with multimorbidity 
often receive multiple prescriptions. Polypharmacy 
is defined as the concurrent use of multiple drugs 
(2,3). Polypharmacy enhances clinical benefits while 
minimising risks, providing treatments that are well-
managed (4), however, it may increase the risk of 
adverse drug reactions (ADRs) (5,6). Indeed, a growing 
body of evidence suggests that polypharmacy increases 
a range of risks, including those of ADRs (7-9). Kojima 
et al. reported that outpatients taking five or more drugs 
are at an increased risk of falling; moreover, inpatients 
aged ≥ 65 years taking six or more drugs are at an 
increased risk of ADRs (10,11).
 Masnoon et al. (12) reported that in 80.4% of 
definitions, polypharmacy is defined by the numerical 

values of daily medications, whereas 10.9% of definitions 
also consider treatment duration and setting. Although 
a definitive definition of polypharmacy remains to be 
established, it commonly refers to the routine use of five 
or more drugs (3,12).
 Diabetes is associated with an increased risk of 
microangiopathy, atherosclerotic diseases, dyslipidaemia, 
hypertension, and obesity, among others. Patients 
with diabetes tend to have higher incidence rates of 
polypharmacy (8) than non-diabetics, even when 
antihyperglycemic drugs are excluded (2). Older 
patients with diabetes are more likely than their 
younger counterparts to receive polypharmacy (13-
15). The overall number of drugs prescribed tends to 
be higher for older patients with diabetes than for their 
younger counterparts. However, the number and class 
of antidiabetic and non-antidiabetic drugs prescribed to 
each age group remain unclear. Understanding the types 
and counts of drugs that are concurrently prescribed to 
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patients with diabetes may help reduce inappropriate 
polypharmacy.
 The aim of this study was to examine the number 
and class of antidiabetic and non-antidiabetic agents 
prescribed to patients aged 10–99 years, stratified by 
age (10-year age range) for decreasing polypharmacy. 
The study used a database of prescriptions handled by 
dispensing pharmacies of Matsumotokiyoshi Holdings 
for 1 year.

Materials and Methods

Study design and data source

This cross-sectional observational study was performed 
using the database of prescriptions dispensed to 
patients at 257 pharmacies of Matsumotokiyoshi 
Holdings from 1 April 2018 to 31 March 2019. These 
pharmacies were mainly located in Honshu where 
81% of Japan's population lives. Employees from the 
participating pharmacy anonymised the prescriptions, 
and subsequently extracted prescription data, including 
information on patient age, sex, and medication type and 
count. Data extraction was approved by the operating 
officer of Matsumotokiyoshi Holdings. The total 
prescription count was 3,780,193, of which 263,915 
included antidiabetic agents.
 The study protocol was approved by the Ethics 
Committee of Chiba University (No. 206), and it 
adhered to the tenets of the Declaration of Helsinki. 
Informed consent was not required because the data were 
anonymised.

Polypharmacy

We defined polypharmacy as a prescription of five or 
more drugs with no consideration of treatment duration. 
Only prescription drugs were included; over-the-counter 
drugs, complementary medicines, and supplements were 
excluded.

Data collection

Prescriptions of patients who had been prescribed at 
least one antidiabetic drug were stratified by age (10-
year age range). Drug class and count were assessed 
per age group. We counted numbers of prescribed 
drugs per prescription without consideration of dosage 
and directions of medicine. In other words, if there 
were 2 tablets of metformin (250 mg) 3 times a day 
in a prescription, the prescribed drug was counted as 
one. Antidiabetic agents were classified as dipeptidyl 
peptidase-4 inhibitors (DDP-4i), biguanides, insulins, 
sulfonylureas, sodium glucose cotransporter-2 
inhibitors (SGLT-2i), α-glucosidase inhibitors (αGI), 
thiazolidine derivatives (TZD), glinides, glucagon-
like peptide-1 (GLP-1) receptor agonists,  and 

combination drugs. The Anatomical Therapeutic 
Chemical Classification System (ATC) classification 
(16) of these agents is shown in Supplemental Table 
S1 (https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=70). "Combination drugs" 
were defined as those that included two different drug 
classes from this list.
 Non-antidiabetic agents were classif ied as 
antihypertensive, β-blocking and renin-angiotensin (RA) 
system blocking, lipid-modifying, alimentary tract, 
antithrombotic, psychotropic drugs, and others. ATC codes 
of antihypertensive, β-blocking and RA system blocking 
agents were C02, C03, C07, C08, C09, and G04CA03, 
which were mainly used for hypertension and chronic heart 
failure in Japan. Lipid-modifying drugs were included in 
ATC group C10, except for C10BX03. Alimentary tract 
medications were included in ATC group A, except for 
A10A and A10B. Antithrombotic agents were included 
in ATC groups B01A and C10AX06. Psychotropic drugs 
were coded N05, N06, and C02AC02 (Supplemental 
Table S2, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=70). "Others" drugs included 
all other ATC codes in non-antidiabetic agents. Twelve 
agents without ATC codes were classified based on 
drug efficacy (Supplemental Table S3, https://www.
globalhealthmedicine.com/site/supplementaldata.
html?ID=70).

Outcome

The outcomes of interest were the class and count of 
drugs prescribed to patients with diabetes included in the 
pharmacy database, stratified by age (10-year age range).

Statistical analysis

The prevalence of polypharmacy and drug class and 
count were compared among age groups (10-year age 
ranges) in the complete dataset. The count of drugs 
per prescription was described as mean ± standard 
deviation in each age range. We also expressed the count 
of antidiabetic or non-antidiabetic drugs prescribed as 
the mean number and the proportion compared to the 
total number of agents in each age range. The linear 
regression of mean number of drugs prescribed by age 
was analysed. The independent variable was midpoint 
of age range and the dependent variable was mean 
number of drugs calculated for each class. The slope 
of the regression line (b) was estimated and the p value 
was calculated in testing of the null hypothesis that the 
population linear coefficient was zero. The p value was 
significant below 0.05. Sex stratification was omitted 
owing to insignificant differences between prescriptions 
for males and females. The number of prescriptions in 
the age groups of 0–9 years and 100–109 years was 179 
and 36, respectively, with the overall prescription rate 
below 0.1%; therefore, we excluded these data from the 
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Mean drug count of prescriptions including antidiabetic 
agents

The overall mean counts of drugs per prescription were 
2.22 and 7.99 in individuals aged 10–19 and 90–99, 
respectively (Table 2). The number of drugs prescribed 
linearly increased with patients' age between 10–99 years 
(Figure 1). The linear regression coefficient (b) was 
0.07 (p < 0.001). The mean count of non-antidiabetic 
agents prescribed also increased with patient age from 
10–99 years (b = 0.07, p < 0.001) (Table 2). However, 
the relationship of antidiabetic drugs with age differed. 
Comparing patients aged 10–19, 50–59 and 90-99 
years, the mean count of antidiabetic prescriptions was 
1.71, 2.17 and 1.52, respectively, and the prescription 
count did not increase linearly with age (b = -0.002, p = 
0.489). The maximum mean count of antidiabetic agents 
was observed in the 50–59-year-old patients (2.17), 
decreasing to patients aged 90–99 years (Table 2).
 A multicenter cross-sectional survey in Italy 
(METABOLIC Study) showed that 49.6% of diabetic 
patients were treated with only one oral antidiabetic drug 
and 12.5% were treated with three or more, indicating 

study. Statistical Analysis System (SAS) software version 
9.4 was used for the statistical analysis.

Results and Discussion

Prevalence of polypharmacy

The total number of prescriptions for patients taking 
at least one antidiabetic drug increased with age from 
0–79 years and then decreased in patients of ≥ 80 years. 
The highest number of prescriptions was 73,431 in the 
age group of 70–79 years (Table 1). The overall rate 
of polypharmacy was 57.5%, of which 45.3% was 
5-9 drugs and 12.2% was ≥ 10 drugs, and it increased 
with age. Older patients were more likely than younger 
patients to receive 10 or more drugs (Table 1).
 The rate of polypharmacy in patients with diabetes 
had a strong relationship with age (Table 1); this is 
consistent with the results of previous studies (7,13,15). 
The class and count of drugs prescribed remain unclear 
and should be examined in age-stratified analysis 
to support policies aimed at reducing instances of 
inappropriate polypharmacy.

www.globalhealthmedicine.com

Table 1. Age-stratified prevalence of polypharmacy on prescriptions including antidiabetic agents

Age (years)

All ages
10–19
20–29
30–39
40–49
50–59
60–69
70–79
80–89
90–99

1–4

      42.5(%)
92.0
86.0
74.6
58.1
49.2
41.5
29.5
20.0
17.9

Numbers show the proportion of prescriptions in each age range/total number of prescriptions in corresponding age range. n indicates the total 
number of prescriptions including antidiabetic agents.

≥ 5

       57.5 (%)
  8.0
14.0
25.4
41.9
50.8
58.5
70.5
80.0
82.1

5-9

       45.3 (%)
  7.9
12.3
21.7
36.0
42.4
47.5
51.9
55.3
49.5

≥ 10

       12.2 (%)
  0.1
  1.6
  3.7
  5.9
  8.4
11.1
18.6
24.7
32.6

n

263,915
736

1,980
8,430

26,442
44,385
72,268
73,431
33,324
2,704

Numbers of all drugs prescribed

Table 2. Mean drug count of prescriptions including antidiabetic agents by age

Age (years)

All ages
10–19
20–29
30–39
40–49
50–59
60–69
70–79
80–89
90–99

b
p

Count of antidiabetics prescribed

1.99 ± 1.05
 1.71 ± 0.81
1.88 ± 0.96
1.96 ± 1.03
2.13 ± 1.14
2.17 ± 1.14
2.07 ± 1.10
1.92 ± 0.99
1.77 ± 0.89
 1.52 ± 0.76

-0.002
 0.489

Count of drugs per prescription is shown as means ± standard deviation in each age range. Overall count of drugs prescribed indicates the number 
of all drugs including antidiabetic and non-antidiabetic ones per prescription. n indicates the total number of prescriptions including antidiabetic 
agents. Linear regression coefficient (b) is calculated between the mean number of drugs and midpoint of age range.

Count of non-antidiabetics prescribed

3.67 ± 3.18
0.60 ± 1.19
0.82 ± 1.37
1.62 ± 2.52
2.31 ± 2.56
2.96 ± 2.87
3.40 ± 2.93
4.10 ± 3.16
5.23 ± 3.40
6.46 ± 3.50

 0.07
< 0.001

Overall count of drugs prescribed

5.60 ± 3.25
 2.22 ± 1.33
2.73 ± 2.01
3.51 ± 2.76
4.51 ± 2.84
5.12 ± 3.04
5.44 ± 3.05
6.07 ± 3.27
7.02 ± 3.40
7.99 ± 3.62

 0.07
< 0.001

n

263,915
736

1,980
8,430

26,442
44,385
72,268
73,431
33,324
2,704

Linear regression coefficients
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that the mean count of antidiabetics was approximately 
1.7 per person over 65 years old (14). There was another 
report about antidiabetic drug prescription from National 
Center Diabetes Database in Japan. It stated that only 
one antidiabetic agent was prescribed in about 30% 
of diabetic patients, two antidiabetics were used in 
about 30% of patients, and three or more antidiabetics 
were used in about 40% below the 65 years age group, 
suggesting that the mean number of antidiabetics 
prescribed was about 2.2 per person in this report (17). 
Mean drug count of antidiabetics per prescription was 
1.99 in all ages of our study, which is almost consistent 
with the data of these papers.
 The reasons for the different patterns observed 
between antidiabetic and overall drug use in association 
with age remains unclear. Combination drugs are not 
the reason because its use did not increase with age 

among patients aged 50–99 years (Table 3). However, 
international guidelines on diabetes management 
recommend different haemoglobin A1c (HbA1c) 
values, depending on patient age (18-20). Blood glucose 
and HbA1c levels may differ depending on disease 
management and complications in older patients with 
diabetes. Strict blood glucose control may not reduce 
the risk of cardiovascular disease-related death in older 
adults with diabetes (21), consequently, the recommended 
HbA1c levels of patients with complications are higher in 
older patients than in younger counterparts. Furthermore, 
the prevalence of diabetes increases rapidly in people 
over 50 years old age. Blood glucose levels in aged 
patients newly diagnosed might not be higher than those 
in younger patients. These things might be related to the 
discrepancies in the associations of the antidiabetics and 
overall prescription drugs with age.

Classification and count of antidiabetic prescriptions

Table 3 shows the age-stratified proportions of 
antidiabetic agent use. In all age groups, DDP-4i (29.2%) 
was the most used agent, followed by biguanides (16.8%), 
insulins (12.5%), sulfonylureas (10.8%), SGLT-2i (9.0%), 
and αGI (7.3%). Insulin prescription rates were 69.9% 
and 39.2% in the 10–19 and 20–29 years age groups, 
respectively, which were most frequently prescribed in 
these age groups. The rates of biguanide use were 25.3% 
and 21.4%, highest among prescribed drugs in the age 
groups of 30–39 and 40–49 years, respectively. The 
DDP-4i prescription rates were 5.5% and 51.8% in the 
10–19 and 90–99 years age groups, respectively. This 
was the most prescribed drug in patients aged 50–99 
years. TZD, glinides, and GLP-1 receptor agonists 
accounted for < 5% of antidiabetic drugs. Combination 
drugs were used at 8.1% in the 50–59 years age group, 
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Table 3. Classification and proportion of count of antidiabetic and non-antidiabetic drugs in prescriptions by age

Age (years)

Antidiabetics
     DPP-4i (%)
     Biguanides (%)
     Insulins (%)
     Sulfonylureas (%)
     SGLT-2i (%)
     αGl (%)
     TZD (%)
     Glinides (%)
     GLP-1 receptor agonists (%)
     Combination drugs (%)
Non-antidiabetics
     Antihypertensive, β-blocking and
     RA system blocking agents (%)
     Lipid modifying agents (%)
     Alimentary tract agents (%)
     Antithrombotic agents (%)
     Psychotropic agents (%)
     Others (%)

Numbers show the proportion of each drug number in age range/total number of diabetic or non-antidiabetic agents in the corresponding age range.

All ages

29.2
16.8
12.5
10.8
  9.0
  7.3
  3.2
  2.7
  1.8
  6.8

32.0

17.1
16.9
  9.3
  6.1
18.7

10–19

  5.5
12.2
69.9
  0.5
  2.9
  3.9
  1.1
  0.6
  1.9
  1.5

  5.1

  5.9
21.6
  0.0
  3.4
64.0

20–29

  9.7
23.2
39.2
  2.0
12.0
  4.8
  1.5
  1.5
  2.6
  3.6

17.1

19.8
17.7
  0.1
  3.7
41.7

30–39

14.4
25.3
24.7
  4.3
14.2
  4.2
  2.1
  1.2
  2.9
  6.7

23.4

21.7
13.6
  2.1
  7.2
32.0

40–49

19.9
21.4
15.2
  6.4
16.4
  5.0
  3.1
  1.9
  2.9
  7.8

31.2

23.5
13.7
  4.1
  3.8
23.7

50–59

23.5
20.0
11.9
  9.1
13.8
  6.1
  3.0
  2.2
  2.4
  8.1

33.9

22.5
13.1
  6.6
  4.6
19.4

60–69

28.6
18.5
11.3
11.0
  8.9
  7.2
  3.3
  2.6
  1.5
  7.1

35.1

20.3
14.7
  9.4
  4.6
15.9

70–79

34.6
13.5
11.3
13.0
  5.0
  8.6
  3.2
  3.2
  1.3
  6.3

32.4

16.5
17.3
10.7
  6.7
16.3

80–89

41.0
  9.0
10.2
14.3
  2.8
  9.2
  3.7
  4.0
  1.5
  4.4

28.8

10.9
21.2
10.6
  7.9
20.6

90–99

51.8
  5.1
  7.8
14.1
  1.9
  9.2
  2.2
  4.4
  0.9
  2.7

24.6

  5.7
22.1
  9.1
  8.7
29.8

Figure 1. Mean drug count of antidiabetic and overall 
prescription drugs by age. The number of prescribed drugs 
is expressed as mean ± standard error. Mean drug count of 
antidiabetics is shown as closed column, and that of overall 
agents prescribed is as open column.
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which was decreasing in patients aged 90–99 years 
(2.7%). The count of DDP-4i prescribed increased 
linearly with patient age from 10–99 years (b = 0.009, 
p < 0.001) (Table 4). Biguanides and SGLT-2i were the 
most prescribed agents in the age groups of 30–39 and 
40–49 years, respectively, compared to other age ranges; 
older patients were less likely to receive these drugs. 
Insulin use rates were inversely related to age from 10–
99 years (b = -0.011, p = 0.003). Sulfonylurea and αGI 
use positively related to age, yielding linear regression 
coefficients of 0.003, p < 0.001 and 0.002, p < 0.001, 
respectively in both cases (Table 4).
 A consensus statement from the Japan Diabetes 
Society (JDS) is based on the concept of the differences 
in diabetes pathology and pharmacotherapy between 
Japan, Asians, and Westerners (22). DDP-4i has the 
lowest ADR risk and effectively reduces HbA1c levels 
in Asian patients but not in non-Asian populations (23). 
These drug properties may account for the popularity of 
DDP-4i among older adults with diabetes in Japan. In 
fact, Bouchi et al. (24) reported that DDP-4i accounts 
for > 60% of first prescriptions among patients with 
diabetes included in the National Database of Health 
Insurance Claims and Specific Health Check-ups of 
Japan. The estimates of DPP-4i use in Japanese patients 
reported by Bouchi et al. (24) differ from those in this 
study. This is likely because different target populations 
were studied. For instance, Bouchi et al. (24) analysed 
newly introduced antidiabetic medications only but 
we analysed total prescribed antidiabetic drugs in this 
study. Additionally, our calculations included insulin 
and combination drugs administered through both oral 
and other routes, whereas Bouchi et al. (24) restricted 
the analysis to oral antidiabetics except injectable 
formulations of GLP-1 receptor agonists.

 The decline in biguanide use in individuals aged 
30–99 years may be associated with the contraindications 
of renal insufficiency (estimated glomerular filtration 
rate of < 30 mL/min), severe heart failure, and severe 
liver damage (18), which increase with age. Insulin is 
universally prescribed for patients with type 1 diabetes, 
which has an incidence rate of 2.3/100,000 children in 
Japan (25), this incidence is comparable to patients aged 
0–60 years (26). The incidence of type 2 diabetes is 
3.0/100,000 children (27), whereas the number increases 
rapidly among patients aged ≥ 20 years. Therefore, the 
ratio of patients with type 1/type 2 diabetes is higher 
among younger people than among older people in 
Japan, likely accounting for the high frequency of insulin 
use among patients aged 10–29 years.
 Japanese guidelines on diabetes management in 
older patients state that insulin and sulfonylurea should 
be used with caution in cases associated with multiple 
complications (18). Sulfonylureas were prescribed to > 
10% of patients aged 60–99 years in our study. Future 
studies are required to evaluate the safety and efficacy 
profiles of this approach. SGLT-2i may reduce the risks 
of heart failure and chronic kidney disease; herein, the 
associated prescription rate was 9.0% overall. SGLT-
2i has been previously reported as first-line treatment 
in 7.6% of patients (24). This rate will likely increase in 
Japan in the future.

Classification and count of non-antidiabetic prescriptions

Table 3 shows the age-stratified proportions of non-
antidiabetic drugs prescribed. The proportion of 
antihypertensive, β-blocking and RA system blocking 
agents was 32.0%, the most prescribed group of non-
antidiabetic medications in all age groups. Overall, five 
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Table 4. Classification and count of antidiabetic and non-antidiabetic drugs in prescriptions by age

Age (years)

Antidiabetics
     DPP-4i
     Biguanides
     Insulins
     Sulfonylureas
     SGLT-2i
     αGl
     TZD
     Glinides
     GLP-1 receptor agonists
     Combination drugs
Non-antidiabetics
     Antihypertensive, β-blocking and
     RA system blocking agents
     Lipid modifying agents
     Alimentary tract agents
     Antithrombotic agents
     Psychotropic agents
     Others

10–19

0.10
0.21
1.22
0.01
0.05
0.07
0.02
0.01
0.03
0.03

0.03

0.03
0.11
0.00
0.02
0.32

20–29

0.18
0.44
0.74
0.04
0.23
0.09
0.03
0.03
0.05
0.07

0.12

0.15
0.13
0.00
0.03
0.30

30–39

0.29
0.50
0.49
0.09
0.28
0.08
0.04
0.02
0.06
0.13

0.33

0.31
0.19
0.03
0.10
0.45

40–49

0.43
0.46
0.33
0.14
0.36
0.11
0.07
0.04
0.06
0.17

0.62

0.47
0.27
0.08
0.08
0.47

50–59

0.51
0.44
0.26
0.20
0.30
0.13
0.07
0.05
0.05
0.18

0.82

0.55
0.32
0.16
0.11
0.47

60–69

0.59
0.38
0.23
0.23
0.19
0.15
0.07
0.05
0.03
0.15

0.97

0.56
0.40
0.26
0.13
0.44

70–79

0.66
0.26
0.22
0.25
0.10
0.17
0.06
0.06
0.03
0.12

1.06

0.54
0.57
0.35
0.22
0.54

80–89

0.72
0.16
0.18
0.25
0.05
0.16
0.07
0.07
0.03
0.08

1.29

0.49
0.95
0.48
0.36
0.93

90–99

0.80
0.08
0.12
0.22
0.03
0.14
0.03
0.07
0.01
0.04

1.54

0.36
1.39
0.57
0.54
1.87

b

 0.009
-0.003
-0.011
 0.003
-0.002
 0.002
 0.000
 0.001
 0.000
 0.000

 0.019

 0.005
 0.014
 0.008
 0.006
 0.014

p

< 0.001
   0.102
   0.003
< 0.001
   0.254
< 0.001
   0.239
< 0.001
   0.075
   0.950

< 0.001

   0.036
   0.001
< 0.001
   0.001
   0.019

Numbers present the mean count of each drug per prescription in age range. Linear regression coefficient (b) is calculated between midpoint of age 
range and the mean count of each drug.
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groups which were antihypertensive, β-blocking and 
RA system blocking, lipid-modifying, alimentary tract, 
antithrombotic, and psychotropic agents accounted 
for 81.3% of non-antidiabetic drugs. In patients aged 
10–39 and 90–99 years, 'others' in non-antidiabetic 
medications, excluding these five most prescribed ones, 
were the most highly prescribed. However, in patients 
aged 40–89 years, antihypertensive, β-blocking and RA 
system blocking agents were the most highly prescribed 
medications. Lipid-modifying drugs were prescribed 
most commonly in 40–49-year-olds compared to other 
age ranges.
 The counts of these five frequently used drugs except 
lipid modifying ones increased with patient age (Table 
4). The number of antihypertensive, β-blocking and RA 
system blocking drugs, and antithrombotic drugs showed 
strong relation to age (b = 0.019, p < 0.001; and b = 0.008, 
p < 0.001, respectively) (Table 4).
 The counts of antihypertensive, β-blocking and 
RA system blocking agents, and antithrombotic agents 
increase with age, likely owing to the increases in the 
occurrence of vascular complications associated with 
diabetes. The proportion of lipid-modifying agent use 
decreased in patients aged ≥ 40 years. O'Keeffe et al. (28) 
reported slight HbA1c level increases and low-density 
lipoprotein cholesterol (LDL-C) decreases in women 
aged 53–69 years in the United Kingdom, suggesting that 
glucose and LDL-C do not respond synergistically. The 
relationship between HbA1c and LDL-C levels and age 
should be elucidated. The use of psychotropic medicines, 
especially benzodiazepines, is known to increase with 
age (29), these findings are consistent with those of this 
study. The most prescribed drugs in the age group of 10–
39 years were in the category "others". The composition 
of this category remains unclear and should be evaluated.
 Our data on the different patterns between 
antidiabetic and non-antidiabetic drug use with age, 
suggests that antidiabetic agents are not targets for 
reduction of polypharmacy in older people with diabetes. 
As for non-antidiabetic drugs, those excluding lipid-
modifying agents increased with patient age. From 
these results alone, it is hard to determine which class 
of drugs we need to focus on for reducing inappropriate 
polypharmacy. Generally, the increase of prescribed 
drugs is closely related with the potentially inappropriate 
medication (PIM) (15). Large parts of PIM are 
benzodiazepines in psychotropic drugs and H2-receptor 
antagonists in alimentary tract agents seen in a survey in 
Japan (30). Our data demonstrated that the prescription of 
alimentary tract and psychotropic medications increased 
with patient age. Therefore, we think that it is important 
to be careful using benzodiazepines and H2-receptor 
antagonists to reduce inappropriate polypharmacy closely 
related with PIM.
 This study had some limitations. First, we only 
examined patients with diabetes who were taking 
antidiabetic drugs; thus, rates of polypharmacy in 

patients with diabetes who were not taking such drugs 
remain unclear. Second, patient clinical signs and 
symptoms were not evaluated in this study; therefore, 
the rates of suitable and unsuitable polypharmacy remain 
unclear. Third, we could not distinguish between type 1 
and type 2 diabetes mellitus. It is important to recognise 
diabetic types because the treatments and causes of 
the diseases differ. Fourth, it is possible that a patient 
visited two or more departments in different hospitals to 
treat complications and received several prescriptions 
dispensed from different pharmacies. In these cases, 
the accurate number of non-antidiabetic drugs would 
be higher than that determined in our study. Finally, as 
our study was observational, the true causes of different 
patterns of antidiabetic and non-antidiabetic drug use 
associated with age could not be determined.
 In conclusion, among Japanese patients with diabetes, 
the mean overall and non-antidiabetic number of drugs 
per prescription increased with age. However, the count 
of antidiabetic drugs did not relate to age and the highest 
number of these prescriptions was observed in the 
age group of 50–59 years, suggesting that antidiabetic 
drugs are not targets for reducing inappropriate 
polypharmacy in older people with diabetes. We need 
to aim non-antidiabetic agents with PIM. DDP-4i, and 
antihypertensive, β-blocking and RA system blocking 
drugs were the most prescribed antidiabetic and non-
antidiabetic agents in the studied patients, respectively.
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