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24 Abstract

25 Objectives 

26 To assess the prevalence of potentially inappropriate medication (PIM) use in Hong Kong elderly 

27 patients visiting general outpatient clinics (GOPCs) between 2006 and 2014 and to identify factors 

28 associated with PIM use among older adults visiting GOPCs in 2014.

29

30 Design

31 Cross-sectional study.

32

33 Setting

34 General outpatient clinics.

35

36 Participants

37 Two study samples were constructed including a total of 844,910 patients aged 65 and above from 

38 2006 to 2014 and a cohort of 489,301 elderly patients in 2014.

39

40 Measurements

41 Two subsets of the 2015 Beers criteria—PIMs independent of diagnosis and PIMs due to drug-

42 disease interactions—were used to estimate the prevalence of PIM use over 12 months. PIMs that 

43 were not included in the Hospital Authority drug formulary or with any specific restriction or 

44 exception in terms of indication, dose, or therapy duration were excluded. Characteristics of PIM 
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45 users and non-PIM users visiting GOPCs in 2014 were compared. Independent associations 

46 between patient variables and PIM use were assessed by stepwise multivariable logistic regression 

47 analysis.

48

49 Results 

50 The 12-month period prevalence of PIM use decreased from 55.56% (95%CI=55.39–55.72) in 

51 2006 to 47.51% (95%CI=47.37–47.65) in 2014, with a statistically significant decline assuming a 

52 linear trend. In the multivariable regression analysis, the strongest factor associated with PIM use 

53 was the number of different drugs prescribed. Being female and having a greater number of GOPC 

54 visits as well as more than six diagnoses were associated with higher rates of PIM use.

55

56 Conclusions 

57 The overall prevalence of PIM use in older adults visiting GOPCs in Hong Kong was high using 

58 the major subsets of the 2015 Beers criteria. Interventions such as medication review, evidence-

59 based drug therapy recommendation guidelines for prescribers, and patient education should be 

60 strengthened, particularly in the context of older adults who are prescribed numerous medications.

61

62 Keywords

63 potentially inappropriate medication; Beers criteria; older adults; Hong Kong

64

65 Article Summary

66 Strengths and limitations of this study
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67  This is the first territory-wide study assessing the prevalence of potentially inappropriate 

68 medication use in older adults over a nine-year period from 2006 to 2014 in Hong Kong. 

69  This study is one of the first attempts to identify the factors associated with potentially 

70 inappropriate medication use in older adults in Hong Kong. 

71  The prevalence of potentially inappropriate medication use may be underestimated because 

72 the statements from the Beers criteria related to indication, dose, and therapy duration were 

73 unaddressed in this study.

74
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75 Background

76 Potentially inappropriate medication (PIM) use occurs when patients are prescribed drugs the 

77 associated risks of which outweigh potential benefits [1], especially when effective alternatives are 

78 available. PIM use can cause adverse drug events, which contribute to increased morbidity and 

79 mortality as well as higher healthcare expenditures [2]. Older adults are particularly at risk for PIM 

80 use because of the high likelihood of comorbid diseases, necessitating the prescription of multiple 

81 medications [3]. In Hong Kong, people aged 65 years or older (hereafter referred to as “older 

82 adults”), accounted for 15.9% of the total population in mid-2016, and this percentage is estimated 

83 to reach 33.7% by 2066 [4]. To present a wider perspective, in 2019, the proportions of older adults 

84 in the populations of Europe and North America were estimated to be 18.8% and 16.4%, 

85 respectively [5]. Therefore, the detection of PIM use among older adults worldwide, including 

86 Hong Kong, has become an important public health concern.

87

88 PIM use among older adults can be assessed by explicit criterion-based measures [6], which are 

89 usually developed by consensus techniques through literature reviews [7]. One of the most widely 

90 used measures in clinical practice and research is the Beers criteria, created in 1991 [8] in the US 

91 and updated in 1997 [9] and 2003 [10]. However, as these early versions incurred criticism [11,12], in 

92 2012, a major revision was made by incorporating new evidence of safety and efficacy of drug use 

93 [13]. The contents of the 2012 Beers criteria mainly included three categories: drugs that should be 

94 generally avoided, drugs that should be avoided due to specific diseases or syndromes, and drugs 

95 that should be used with caution in older adults [13]. Subsequently, two new categories—drug-drug 

96 interactions and drugs to avoid based on kidney function—were added to the 2015 Beers criteria 

97 [14]. These five categories remain in the 2019 version, which is the most up-to-date [15]. 
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98 Explicit criteria can be applied to large samples to measure prescribing quality at the macro level 

99 [16]. Hence, a variety of studies have been conducted to assess the prevalence of PIM use in 

100 different countries using nationwide population databases [17-20]. In a systematic review of studies 

101 using administrative databases to detect PIM use, the majority of which applied the Beers criteria, 

102 the findings indicated that the prevalence of PIM use ranged from 11.5% to 62.5% worldwide [19]. 

103 Although several studies have showed a decreasing trend of PIM use over time [11,20,21], it is still 

104 very common to prescribe or dispense PIMs among older adults.

105

106 In Hong Kong, the Hospital Authority (HA) is responsible for the management of all the public 

107 health services, including 43 public hospitals, 49 Specialist Out-patient Clinics (SOPCs), and 73 

108 General Out-patient Clinics (GOPCs) across seven geographic clusters [25]. Over 90% of inpatient 

109 services in Hong Kong are provided by public hospitals, whereas 70% of outpatient consultations 

110 are provided by private sectors. Patients who cannot afford outpatient services in private sectors 

111 can use public services instead. Older adults are major consumers of public health services in Hong 

112 Kong; this population accounted for around half of all patient days at public hospitals and 38% of 

113 the GOPC visits at public clinics [22]. Public health services including drug fees are highly 

114 subsidized by the Hong Kong government. Therefore, quantifying and reducing the burden of PIM 

115 use is likely to aid in the reduction of healthcare costs. Although there have been studies in Hong 

116 Kong using the Beers criteria to evaluate the prevalence of PIM use in older adults [23,24], these 

117 have generally either been conducted at a single hospital or employed small sample sizes. So far, 

118 there has been no territory-wide study to assess PIM use in Hong Kong. Hence, the aim of this 

119 study was to describe the prevalence of PIM use in older adults using territory-wide data over a 
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120 nine-year period from all public GOPCs and to identify patient characteristics associated with PIM 

121 use in Hong Kong, China.

122

123 Methods

124 Data source 

125 This study was a cross-sectional study using the HA database from 2006 to 2014. The primary 

126 care clinicians collected patients’ electronic health records with the HA computer system. Since 

127 the HA computer system covers all the patients who attend GOPCs in Hong Kong, the data 

128 extracted from the HA database are highly reliable; there was no missing data in the datasets. The 

129 proportion of the aging population attending GOPCs in Hong Kong ranged from 41.6% to 46.2% 

130 from 2006 to 2014, with an increasing trend over time [2]. All the patient records in the HA database 

131 were anonymized and de-identified. A unique identity code was allocated to each patient so as to 

132 link them up across different datasets. Two different study cohorts were constructed to evaluate 

133 the proposed objectives. 

134

135 A cohort of older adults visiting GOPCs from January 1, 2006 to December 31, 2014 were 

136 extracted from the general outpatient dataset to estimate the prevalence of PIM use in this study. 

137 All the diagnoses of patients visiting GOPCs were coded with International Classification of 

138 Primary Care, Second edition (ICPC-2) system. The prescription records of the study population 

139 were extracted from the medication datasets, which included drug prescriptions in the primary care 

140 setting. The medication datasets provided information on generic names of medications originating 

141 from the HA Drug Formulary, which were lack of details of indication, dose, or therapy duration. 
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142

143 To identify patient characteristics associated with PIM use, another cohort was constructed 

144 containing patients aged 65 years or older visiting GOPCs from January 1, 2014 until December 

145 31, 2014. Information on the healthcare service utilization in the previous year (any hospital 

146 admission, accident and emergency (A&E) department visit, and GOPC visit) was also extracted 

147 from the HA database. Patients who experienced hospital transits were considered as only one 

148 hospital admission. Each consultation episode per patient was identified by a unique sequence 

149 number. The following patient characteristics were taken into account: gender, age, number of 

150 different drugs prescribed, number of diagnoses, number of GOPC visits within the year, and any 

151 healthcare service utilization in the previous year. The number of diagnoses and medications per 

152 person were calculated based on the number of ICPC-2 codes and generic drug names, respectively. 

153 Since the data were retrospective, pre-existing, and de-identified, we had no access to any sensitive 

154 information on patients, physicians and clinics. 

155

156 Operational definition of PIM use

157 The 2015 Beers criteria included 5 categories of PIM use. The category of drugs that should be 

158 used with caution can be used under specific circumstances, thus it is not the key element of the 

159 criteria [14]. The list of drug-drug interactions is selective and not comprehensive [14]. The drugs to 

160 avoid based on kidney function require laboratory values, which are not included in the HA 

161 database. Hence, these three categories of PIM use were not considered in the current study. The 

162 operational definition of PIM use for this study included the other two categories of PIMs in the 

163 2015 Beers criteria, namely, PIMs independent of diagnosis and PIMs due to drug-disease 

164 interactions. Since some of the defined PIMs are not available in the drug market of Hong Kong, 
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165 the Beers criteria cannot be applied without going through a process of context modification. Given 

166 that the drugs listed in the HA drug formulary are frequently prescribed or dispensed at public 

167 clinics, the applicability of the Beers criteria in Hong Kong was examined in the context of the 

168 HA drug formulary [26], with the exclusion of the Beers drugs that were not covered by the 

169 formulary. Also, as the HA database was lack of complete prescribing information, PIMs with any 

170 exception or restriction in terms of indication, dose, or therapy duration were excluded. The final 

171 PIM assessment criteria adapted to Hong Kong contained 11 statements under PIMs independent 

172 of diagnoses and 12 statements under PIMs due to drug-disease interactions (Supplementary file 

173 1).

174

175 Statistical analysis

176 A cross-sectional study was conducted to analyze the 12-month period prevalence of PIM use in 

177 older adults visiting GOPCs in Hong Kong from 2006 to 2014. The 12-month period prevalence 

178 of PIM use was defined as the number of older adults with at least one PIM use during the calendar 

179 year divided by the number of older adults visiting GOPCs during the calendar year.

180

181 A descriptive analysis was performed on the characteristics of PIM users and non-PIM users in 

182 2014. Chi-squared tests were used to compare differences between PIM users and non-PIM users. 

183 A stepwise multivariable logistic regression analysis was conducted to identify the risk factors 

184 associated with having at least one PIM use in older adults visiting GOPCs. The variance inflation 

185 factor (VIF) for each independent variable in the reported model was examined to rule out 

186 multicollinearity. When we included the variables of healthcare service utilization in the previous 

187 year (any hospital admission, A&E department visit, and GOPC visit) in the regression model, the 
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188 value of VIF for each of these variables was more than 10, which indicated a problem of 

189 collinearity. Therefore, we decided to exclude the variables of any healthcare service utilization in 

190 the previous year in the reported model. Adjusted odds ratios (AORs) were reported with 95% 

191 confidence intervals (CIs). A p value < 0.05 was considered statistically significant. R version 

192 3.4.3 software was used for all statistical analyses.

193

194 Patient and public involvement

195 No patient involved. 

196

197 Results

198 The study population included 844,910 older adults in the nine-year period from 2006 to 2014 

199 with a mean number of 4.6±2.8 GOPC visits per person. The mean age of the sample was 75.3±7.3 

200 years (26.6% aged ≥80), and 45.2% were males. The mean number of diagnoses and different 

201 medications prescribed were 4.0 ±2.0 and 9.4±6.8, respectively (Table 1).

202 Table 1. Characteristics of the elderly patients visiting GOPCs: 2006~2014

Characteristics 2006
N=354,098

2007
N=360,717

2008
N=375,354

2009
N=378,491

2010
N=393,241

2011
N=411,474

2012
N=438,987

2013
N=463,955

2014
N=489,301

Total
N=844,910

Male, % 44.5 44.7 45.0 45.2 45.3 45.5 45.5 45.6 45.6 45.2
Age(mean±SD) 74.9±6.9 75.2±7.0 75.4±7.1 75.5±7.2 75.6±7.2 75.6±7.3 75.5±7.5 75.3±7.6 75.1±7.7 75.3±7.3

Age, %

65~69 27.5 26.4 25.5 25.6 25.6 26.6 28.5 30.5 32.6 27.6
70~74 26.9 26.5 26.0 25.3 24.8 23.6 22.2 20.9 20.2 24.0
75~79 22.3 22.5 22.8 22.7 22.3 21.8 21.2 20.4 19.4 21.7
80~84 13.6 14.3 14.8 15.1 15.6 15.9 15.7 15.6 15.3 15.1
85+ 9.6 10.4 10.9 11.3 11.7 12.2 12.5 12.6 12.6 11.5

No. of drugs 
prescribed 
(Mean±SD)

9.1±6.4 9.1±6.5 9.4±6.7 9.3±6.8 9.6±6.9 9.5±6.8 9.6±6.9 9.6±7.0 9.6±7.0 9.4±6.8

No. of diagnoses 
(Mean±SD) 3.6±1.9 3.7±1.9 3.9±2.0 4.0±2.0 4.0±2.0 4.1±2.0 4.2±2.1 4.3±2.1 4.3±2.1 4.0±2.0
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No. of GOPC 
visits(Mean±SD) 5.1±3.3 4.9±3.0 4.9±3.0 4.8±2.8 4.6±2.8 4.5±2.7 4.3±2.6 4.2±2.6 4.1±2.5 4.6±2.8

203

204 Of the 489,301 older adults visiting GOPCs during 2014, 47.5% were prescribed at least one PIM 

205 (Table 2). Among the patients who were prescribed PIMs, 62.9% were prescribed one PIM, 

206 followed by 27.5% with two PIMs, 7.5% with three PIMs, and 2.1%with more than three PIMs 

207 prescribed. Significant differences between PIM users and non-PIM users were found in gender, 

208 number of different drugs prescribed, number of diagnoses, number of GOPC visits within the 

209 year, and healthcare service use in the previous year (p<0.001). PIM users made more frequent use 

210 of healthcare services in the previous year than non-PIM users in terms of GOPC visits, A&E visits, 

211 and hospital admissions (p<0.001). However, the variable age was not significantly different 

212 between the two groups (p=0.076).

213 Table 2. Characteristics of PIM users vs. non-PIM users visiting GOPCs in 2014

Variables PIM user
(n=232,445)

Non-PIM user
(n=256,856)

Total
(n=489,301) p-value

Gender <0.001

Male 101764(43.8%) 121378(47.3%) 223142(45.6%)

Female 130681(56.2%) 135478(52.7%) 266159(54.4%)

Age 0.076

65~69 76252(32.8%) 83172(32.4%) 159424(32.6%)

70~74 46552(20.0%) 52131(20.3%) 98683(20.2%)

75~79 44862(19.3%) 49845(19.4%) 94707(19.4%)

80~84 35652(15.3%) 39080(15.2%) 74732(15.3%)

85+ 29127(12.5%) 32628(12.7%) 61755(12.6%)

No. of different drugs <0.001
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0~3 7423(3.2%) 64980(25.3%) 72403(14.8%)

4~6 37099(16.0%) 81037(31.5%) 118136(24.1%)

7~9 51842(22.3%) 54895(21.4%) 106737(21.8%)

10~12 45314(19.5%) 26910(10.5%) 72224(14.8%)

>12 90767(39.0%) 29034(11.3%) 119801(24.5%)

No. of diagnoses <0.001

1 3720(1.6%) 4083(1.6%) 7803(1.6%)

2 32890(14.1%) 55051(21.4%) 87941(18.0%)

3 41064(17.7%) 61996(24.1%) 103060(21.1%)

4~6 109321(47.0%) 119750(46.6%) 229071(46.8%)

>6 45450(19.6%) 15976(6.2%) 61426(12.6%)

No. of concurrent PIMs <0.001

0 0(0.0%) 256856(100.0%) 256856(52.5%)

1 146240(62.9%) 0(0.0%) 146240(29.9%)

2 64025(27.5%) 0(0.0%) 64025(13.1%)

3 17377(7.5%) 0(0.0%) 17377(3.6%)

>3 4804(2.1%) 0(0.0%) 4804(1.0%)

No. of GOPC visits within the 
year <0.001

1 25403(10.9%) 42096(16.4%) 67499(13.8%)

2~3 53661(23.1%) 74815(29.1%) 128476(26.3%)

4~5 87427(37.6%) 109259(42.5%) 196686(40.2%)

>5 65954(28.4%) 30686(11.9%) 96640(19.8%)

Any GOPC visit in the previous 
year <0.001

No 27648(11.9%) 42515(16.6%) 70163(14.3%)

Yes 204797(88.1%) 214341(83.4%) 419138(85.7%)

Any A&E visit in the previous 
year <0.001
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No 156315(67.2%) 190216(74.1%) 346531(70.8%)

Yes 76130(32.8%) 66640(25.9%) 142770(29.2%)

Any hospital admission in the 
previous year <0.001

No 201521(86.7%) 231446(90.1%) 432967(88.5%)

Yes 30924(13.3%) 25410(9.9%) 56334(11.5%)

214

215 In this study, the 12-month period prevalence of PIM use decreased from 55.56% (95%CI=55.39–

216 55.72) in 2006 to 47.51% (95%CI=47.37–47.65) in 2014, with a statistically significant decline 

217 assuming a linear trend (Fig 1). The prevalence of PIMs independent of diagnosis accounted for 

218 the majority of PIM use and exhibited a similar trend to the total prevalence: a decline from 55.05% 

219 (95%CI=54.89–55.22) in 2006 to 46.79% (95%CI=46.65–46.93) in 2014. The prevalence of PIMs 

220 due to drug-disease interactions increased slightly from 3.18% (95%CI=3.12–3.23) in 2006 to 

221 4.69% (95%CI=4.63–4.75) in 2014.

222

223 Fig 1. 12-month prevalence of PIM use in Hong Kong elderly patients at GOPCs between 

224 2006 and 2014. BL= Beers List (PIMs independent of diagnoses); DDI= Drug-disease interactions 

225 (PIMs due to drug-disease interactions)

226

227 Table 3 presents the PIMs that were prescribed in over 1% of the older adults visiting GOPCs in 

228 2014. The most frequently prescribed PIMs independent of diagnoses were chlorpheniramine 

229 (35.40%), promethazine (8.73%), diphenhydramine (8.44%), and methyldopa (4.07%). The most 

230 common PIMs due to drug-disease interactions were medications exacerbating lower urinary tract 

231 symptoms or benign prostatic hyperplasia (3.66%), followed by medications worsening dementia 

232 or cognitive impairment (1.08%).
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233 Table 3. The most frequently prescribed PIMs among older adults visiting GOPCs in 2014 

234 according to the 2015 Beers criteria

PIMs independent of diagnoses

Medication class Medication Prevalence of PIM use

First-generation antihistamines Chlorpheniramine 35.40%
First-generation antihistamines Promethazine 8.73%
First-generation antihistamines Diphenhydramine 8.44%
Central alpha blockers Methyldopa 4.07%
First-generation antihistamines Dexchlorpheniramine 1.92%
Benzodiazepines Lorazepam 1.15%
NSAIDs Indomethacin 1.14%
Antidepressants Amitriptyline 1.07%
First-generation antihistamines Hydroxyzine 1.04%
PIMs due to disease-drug interactions

Disease/ Syndrome Medication class/Medication Prevalence of PIM use

Lower urinary tract symptoms, 
benign prostatic hyperplasia Anticholinergics 3.66%

Dementia or cognitive impairment
Anticholinergics, benzodiazepines, H2-
receptor antagonists (famotidine, 
ranitidine), zolpidem, antipsychotics

1.08%

235

236 The relationships between patient characteristics and PIM use were identified in the multivariable 

237 logistic regression analysis (Table 4). The strongest factor associated with PIM use was number 

238 of different drugs prescribed (AOR=23.01, 95% CI=22.36–23.67 for >12 drugs vs. <3). Females 

239 were more likely to receive PIMs than males (AOR=0.89, 95% CI=0.85–0.87 for males vs. 

240 females). A greater number of GOPC visits within the year was also associated with a greater risk 

241 of PIM use (AOR=1.83, 95% CI=1.78–1.88 for >5 visits vs. 1). Patients with more than six 

242 diagnoses were associated with higher rates of PIM use (AOR=1.43, 95% CI=1.36–1.52). All the 

243 variables in the model have a value of VIF far below 5, which indicated no problem of collinearity. 

244 Wald tests were also used to evaluate the statistical significance of each independent variable in 
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245 the model. All the independent predictors were proved to be significantly important with a Wald 

246 test value less than 0.001.

247

248 Table 4. Factors associated with PIM use in older adults visiting GOPCs in 2014

Odds Ratio [95% CI]
Variables

Crude Adjusted

Gender

Female 1.00 1.00

Male 0.87[0.86~0.88]*** 0.86[0.85~0.87]***

Age

65~69 1.00 -

70~74 0.97[0.96~0.99]**

75~79 0.98[0.97~1.00]*

80~84 1.00[0.98~1.01]

85+ 0.97[0.96~0.99]**

No. of unique drugs

0~3 1.00 1.00

4~6 4.01[3.90~4.12]*** 3.96[3.86~4.07]***

7~9 8.27[8.05~8.49]*** 7.87[7.65~8.09]***

10~12 14.74[14.33~15.17]*** 13.18[12.80~13.57]***

>12 27.37[26.63~28.13]*** 23.01[22.36~23.67]***

No. of diagnoses

1 1.00 1.00

2 0.66[0.63~0.69]*** 1.13[1.08~1.20]***

3 0.73[0.69~0.76]*** 1.02[0.97~1.08]
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4~6 1.00[0.96~1.05] 0.94[0.89~0.99]*

>6 3.12[2.97~3.28]*** 1.43[1.36~1.52]***

No. of GOPC visits within the year

1 1.00 1.00

2~3 1.19[1.17~1.21]*** 1.17[1.14~1.19]***

4~5 1.33[1.30~1.35]*** 1.16[1.14~1.19]***

>5 3.56[3.49~3.64]*** 1.83[1.78~1.88]***

Any GOPC visits in the previous year

No 1.00 -

Yes 1.47[1.45~1.49]***

Any A&E visits in the previous year 

No 1.00 -

Yes 1.39[1.37~1.41]***

Any hospital admission in the previous year

No 1.00 -

Yes 1.40[1.37~1.42]***

249 *p <0.05

250 **p <0.01

251 ***p <0.001

252 - Not included in the multivariable model

253 Discussion

254 This study used the major subsets of the 2015 Beers criteria to assess the burden of PIM use at 

255 GOPCs in older adults in Hong Kong between 2006 and 2014. The prevalence estimates of PIM 

256 use in the current study were generally higher than those of studies conducted in Western countries 

257 (ranging from 16.3% to 40.8%) [17,27-30] as well as the prevalence previously reported in Hong Kong 

Page 17 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-051527 on 22 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

17

258 [23,24]. Most of the aforementioned studies have used subsets of the Beers criteria to estimate the 

259 prevalence of PIMs in the local context because of incomplete information on drug use. A recent 

260 study conducted in the US that used the complete version of the 2012 Beers criteria to assess the 

261 prevalence of PIM use (range: 64.9% in 2007 to 56.6% in 2012) [11], however, reported a 

262 prevalence that was slightly higher than that of the current study. The present study showed a 

263 decreasing trend of PIM use in Hong Kong, although a large number of older adults were still 

264 exposed to PIMs. The HA continuously widens the scope of the drug formulary to include more 

265 cost-effective drugs with proven clinical efficacy, which can partly explain the decreasing trend of 

266 PIM use in Hong Kong. Given the changing prescribing frequency and the release of new PIM 

267 assessing criteria, it is important to have access to updated figures regarding the prevalence of PIM 

268 use in older adults. The results indicate that PIM use is prevalent in community-dwelling older 

269 adults in Hong Kong and it is necessary to monitor medication use in these patients. The HA 

270 computer system should alert prescribers to the high risk of PIM use among vulnerable patients. 

271 Since the HA drug formulary is updated quarterly every year, the mechanism of reviewing 

272 evidence on the selection of the HA drug formulary should take the frequently prescribed PIMs 

273 into account by excluding drugs with an unfavorable benefit/risk ratio to elderly patients and 

274 purchasing therapeutic alternatives. 

275

276 Several factors may account for the high prevalence of PIM use in older adults visiting GOPCs in 

277 Hong Kong. First, the prevalence of multimorbidity has been increasing and patients with chronic 

278 conditions often consult multiple doctors in public clinics, which can elevate the risk of PIM 

279 exposure [31]. Although the HA established a chronic disease management program at selected 

280 GOPCs to enhance drug use safety in 2009 [32], GOPCs do not conduct regular reviews of a 
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281 patient’s medication list. Second, healthcare financing might contribute to PIM use. The Hong 

282 Kong health system is funded by taxation, and GOPC services, including drug expenses, are highly 

283 subsidized [33]. The copayment for GOPC services is 50HKD (7.5USD) per visit without any 

284 medication copayment [34], compared with an average of 200HKD at a private clinic [28]. 

285 Consequently, older adults are more willing to attend public clinics and frequent GOPC visits 

286 could increase the risk of PIM exposure. In addition, doctors are not required to have formal 

287 training in family medicine to practice at GOPCs in Hong Kong [35]. Under the circumstances, it 

288 is likely that some of the general practitioners at GOPCs may have insufficient knowledge in 

289 pharmacotherapy for older adults and lack awareness of the risks of PIM use. Furthermore, the 

290 prescribing rate of first-generation antihistamines is relatively high in Hong Kong elderly patients 

291 mainly because clinicians at GOPCS are inclined to prescribe first-generation antihistamines for 

292 patients to treat colds. Prescribers in Hong Kong should be more careful on prescribing first-

293 generation antihistamines for elderly patients since the risks may outweigh benefits. 

294

295 Previous studies suggested that the prescribing of PIMs was associated with the female gender, 

296 advancing age, and larger number of drugs prescribed [17]. The results of the current study were 

297 consistent with previous studies in terms of greater risk of PIM use in females and patients who 

298 were prescribed more drugs. However, the variable age was not significantly associated with PIM 

299 use. Some recent studies have indicated that the risk of receiving PIMs decreases with age [11,17]. 

300 The inconsistent results may depend on the study sample, the PIM criteria applied, and the 

301 inclusion of diagnoses, making it difficult to make a proper comparison. More evidence is needed 

302 to identify the relationship between age and PIM exposure. In the multivariable regression analysis, 

303 the number of different drugs prescribed appeared to be the strongest predictor of PIM use. Patients 
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304 with a larger number of GOPC visits and more than six diagnoses were more likely to be exposed 

305 to PIM prescription. Hence, interventions such as medication review, evidence-based drug therapy 

306 recommendation guidelines for prescribers, and patient education should be strengthened on these 

307 vulnerable older adults. 

308

309 To date, this is the first territory-wide study assessing the prevalence of PIM use in older adults 

310 visiting GOPCs, which represented over 40% of the aging population in Hong Kong. Given the 

311 large sample size and use of the a relatively new version of the Beers criteria, the current results 

312 might be more precise than previous findings from Hong Kong. In addition, this study is one of 

313 the first attempts to identify the factors associated with PIM use in Hong Kong. Although the 

314 constant updating of the HA drug formulary has led to improvements in the quality of care, the 

315 present findings could help enhance prescribing quality by quantifying the burden of PIM use in 

316 Hong Kong at the population level and identifying vulnerable patients who need further 

317 interventions. However, this study also has some limitations. First, the prevalence of PIM use may 

318 have been underestimated because of unaddressed PIMs related to indication, dose, and therapy 

319 duration. Most of previous studies using administrative data sources have gaps in clinical 

320 information and drug exposure data [19]. However, by contrast to the studies using medical records 

321 or surveys, the large administrative databases could offer information with representativeness, 

322 which yields more accurate estimates and power to detect statistical significance. These 

323 contributions allowed the use of administrative databases as a valid approach to assess the quality 

324 of health care [40]. Second, the prevalence estimates of PIM use were only assessed in the context 

325 of the HA drug formulary. Patients may have other sources of PIMs such as private clinics or 

326 commercial pharmacies. Third, a new version of the Beers criteria was released in 2019 before the 
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327 current study was conducted [15]. In the 2019 updated Beers criteria [15], several drug-disease 

328 interactions from the 2015 Beers criteria have been removed for not particularly problematic to 

329 older adults, while some new PIM statements have been added to the updated criteria. These 

330 changes were not considered in the current study. Therefore, the prevalence rates of PIM use in 

331 Hong Kong elderly patients need to be updated using the latest version of the Beers criteria in 

332 future studies. 

333

334 The Beers criteria can be a useful tool to measure prescribing quality at the macro level so as to 

335 initiate action to prevent adverse drug events [13]. However, it cannot replace prescribers’ clinical 

336 judgment because the benefits of PIMs may outweigh risks at the individual level. Several 

337 researchers have found it difficult to adapt the Beers criteria to local situations because of 

338 contextual differences in terms of approved drugs, clinical practice, and health system regulations 

339 [36,37]. Therefore, several country-specific explicit criteria have been developed to assess the local 

340 prescribing quality [36-39]. In 2019, a Hong Kong-specific PIM list was developed based on nine 

341 sets of published criteria and validated by a two-round modified Delphi process [41]. Future studies 

342 should focus on comparing the ability of this Hong Kong-specific PIM list in assessing PIM use 

343 with the Beers criteria in older adults in Hong Kong. 

344

345 Conclusions

346 In conclusion, the overall prevalence of PIM use in older adults visiting GOPCs in Hong Kong 

347 was high using the major subsets of the Beers criteria. Interventions such as medication review, 

348 evidence-based drug therapy recommendation guidelines for prescribers, and patient education 
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349 should be strengthened, particularly in the context of older adults who are prescribed numerous 

350 medications.

351
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Supplementary file 1. Hong Kong-Beers adaptive potentially inappropriate 

medication list 

PIMs independent of diagnoses 

Organ system Medication class Medication 

Anticholinergics First-generation 

antihistamines 

chlorpheniramine, cyproheptadine,  

dexchlorpheniramine, dimenhydrinate 

hydroxyzine, promethazine, 

diphenhydramine 

Cardiovascular Central alpha blockers methyldopa 

Nifedipine nifedipine (immediate release) 

Central nervous 

system 

Antidepressants amitriptyline, clomipramine, imipramine 

nortriptyline, paroxetine, trimipramine 

Benzodiazepines (Short- 

and intermediate- acting) 

alprazolam, lorazepam, triazolam 

Benzodiazepines (Long- 

acting) 

chlordiazepoxide, clonazepam, diazepam 

Nonbenzodiazepine zolpidem 

Megestrol megestrol 

Pain medication NSAIDs indomethacin 

Ketorolac ketorolac, includes parenteral 

Skeletal muscle relaxants orphenadrine 

PIMs due to disease-drug interactions  

Disease or syndrome ICPC-2 code Medication 

Heart failure K77 NSAIDs and COX-2 inhibitors, 

thiazolidinediones (pioglitazone, 

rosiglitazone), cilostazol 

Syncope A06 AChEIs, peripheral alpha-1 blockers 

(doxazosin, prazosin, terazosin), tertiary 

TCAs, chlorpromazine, thioridazine, 

olanzapine 

Chronic seizures or 

epilepsy 

N07; N88 bupropion, chlorpromazine, clozapine, 

olanzapine, thioridazine, tramadol 

Delirium P71 anticholinergics, antipsychotics, 

benzodiazepines, chlorpromazine, 

corticosteroids, H2-receptor antagonists 

(famotidine, ranitidine), sedative hypnotics 

Dementia or cognitive 

impairment 

P70 anticholinergics, benzodiazepines, H2-

receptor antagonists (famotidine, 

ranitidine), zolpidem, antipsychotics 

History of falls or 

fractures 

L72~L76 anticonvulsants, antipsychotics, 

benzodiazepines, zolpidem, TCAs, SSRIs, 

opioids 

Insomnia P06 oral decongestants (pseudoephedrine, 
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phenylephrine), stimulants 

(methylphenidate), theobromines 

(theophylline, caffeine)  

Parkinson disease N87 antipsychotics (except aripiprazole, 

quetiapine, clozapine) antiemetics 

(metoclopramide, prochlorperazine, 

promethazine)  

History of gastric or 

duodenal ulcers  

D85; D86 Non-COX-2 selective NSAIDs 

Chronic kidney disease U99 NSAIDs 

Urinary incontinence 

all types  

U04 oestrogen, peripheral alpha-1 blockers 

(doxazosin, prazosin, terazosin)  

Lower urinary tract 

symptoms, benigh 

prostatic hyperplasia 

U02; U05; U07; U13; 

U29; Y06; Y85 

anticholinergics 

NSAIDs = nonsteroidal anti-inflammatory drugs; COX = cyclooxygenase; AChEIs = 

acetylcholinesterase inhibitors; TCAs = tricyclic antidepressants; SSRIs = selective 

serotonin reuptake inhibitors 
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find 

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to 

include the missing information. If you are certain that an item does not apply, please write "n/a" and 

provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite 

them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening 

the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for 

reporting observational studies.

Reporting Item

Page 

Number

Title and abstract

Title #1a Indicate the study’s design with a commonly used term in the 

title or the abstract

#1

Abstract #1b Provide in the abstract an informative and balanced summary #2, #3
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of what was done and what was found

Introduction

Background / 

rationale

#2 Explain the scientific background and rationale for the 

investigation being reported

#5, #6

Objectives #3 State specific objectives, including any prespecified 

hypotheses

#5, #6

Methods

Study design #4 Present key elements of study design early in the paper #7

Setting #5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data collection

#7

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of 

selection of participants.

#7, #8

#7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable

#8, #9

Data sources / 

measurement

#8 For each variable of interest give sources of data and details of 

methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one 

group. Give information separately for exposed and unexposed 

groups if applicable.

#8

Bias #9 Describe any efforts to address potential sources of bias #9

Study size #10 Explain how the study size was arrived at #7
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Quantitative 

variables

#11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were chosen, 

and why

#8

Statistical 

methods

#12a Describe all statistical methods, including those used to control 

for confounding

#9, #10

Statistical 

methods

#12b Describe any methods used to examine subgroups and 

interactions

#11

Statistical 

methods

#12c Explain how missing data were addressed #7

Statistical 

methods

#12d If applicable, describe analytical methods taking account of 

sampling strategy

n/a

Statistical 

methods

#12e Describe any sensitivity analyses n/a

Results

Participants #13a Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and 

analysed. Give information separately for for exposed and 

unexposed groups if applicable.

#10

Participants #13b Give reasons for non-participation at each stage n/a

Participants #13c Consider use of a flow diagram #10

Descriptive data #14a Give characteristics of study participants (eg demographic, #10
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clinical, social) and information on exposures and potential 

confounders. Give information separately for exposed and 

unexposed groups if applicable.

Descriptive data #14b Indicate number of participants with missing data for each 

variable of interest

#7

Outcome data #15 Report numbers of outcome events or summary measures. 

Give information separately for exposed and unexposed 

groups if applicable.

#11, #12

Main results #16a Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and 

why they were included

#15, #16

Main results #16b Report category boundaries when continuous variables were 

categorized

#11, #12

Main results #16c If relevant, consider translating estimates of relative risk into 

absolute risk for a meaningful time period

n/a

Other analyses #17 Report other analyses done—e.g., analyses of subgroups and 

interactions, and sensitivity analyses

n/a

Discussion

Key results #18 Summarise key results with reference to study objectives #16, #18

Limitations #19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias.

#19
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Interpretation #20 Give a cautious overall interpretation considering objectives, 

limitations, multiplicity of analyses, results from similar studies, 

and other relevant evidence.

#17, #18

Generalisability #21 Discuss the generalisability (external validity) of the study 

results

#19

Other Information

Funding #22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on which 

the present article is based

#21

None The STROBE checklist is distributed under the terms of the Creative Commons Attribution 

License CC-BY. This checklist can be completed online using https://www.goodreports.org/, a tool 

made by the EQUATOR Network in collaboration with Penelope.ai
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2

24 Abstract

25 Objectives 

26 To assess the prevalence of potentially inappropriate medication (PIM) use in Hong Kong older 

27 patients visiting general outpatient clinics (GOPCs) between 2006 and 2014 and to identify factors 

28 associated with PIM use among older adults visiting GOPCs in 2014.

29

30 Design

31 Cross-sectional study.

32

33 Setting

34 General outpatient clinics.

35

36 Participants

37 Two study samples were constructed including a total of 844,910 patients aged 65 and above from 

38 2006 to 2014 and a cohort of 489,301 older patients in 2014.

39

40 Measurements

41 Two subsets of the 2015 American Geriatrics Society (AGS) Beers criteria—PIMs independent of 

42 diagnosis and PIMs due to drug-disease interactions—were used to estimate the prevalence of PIM 

43 use over 12 months. PIMs that were not included in the Hospital Authority drug formulary or with 

44 any specific restriction or exception in terms of indication, dose, or therapy duration were excluded. 
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3

45 Characteristics of PIM users and non-PIM users visiting GOPCs in 2014 were compared. 

46 Independent associations between patient variables and PIM use were assessed by stepwise 

47 multivariable logistic regression analysis.

48

49 Results 

50 The 12-month period prevalence of PIM use decreased from 55.56% (95%CI=55.39–55.72) in 

51 2006 to 47.51% (95%CI=47.37–47.65) in 2014. In the multivariable regression analysis, the 

52 strongest factor associated with PIM use was the number of different drugs prescribed 

53 (AOR=23.01, 95% CI=22.36–23.67). Being female (AOR=0.89, 95% CI=0.85–0.87 for males vs. 

54 females) and having a greater number of GOPC visits (AOR=1.83, 95% CI=1.78–1.88) as well as 

55 more than six diagnoses (AOR=1.43, 95%CI=1.36–1.52) were associated with PIM use.

56

57 Conclusions 

58 The overall prevalence of PIM use in older adults visiting GOPCs decreased from 2006 to 2014 in 

59 Hong Kong although the prevalence of PIM use was still high in 2014. Patients with female gender, 

60 a larger number of medications prescribed, more frequent visits to GOPCs, and more than six 

61 diagnoses were at higher risk for PIM use. 

62  

63 Keywords

64 potentially inappropriate medication; Beers criteria; older adults; Hong Kong

65

66
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67 Article Summary

68 Strengths and limitations of this study

69  This is the first territory-wide study assessing the prevalence of potentially inappropriate 

70 medication (PIM) use in older adults over a nine-year period from 2006 to 2014 in Hong Kong. 

71  Since this study was retrospective using an administrative database, a limited number of PIM 

72 statements from the 2015 American Geriatrics Society (AGS) Beers criteria were employed, 

73 resulting in the underestimation of the prevalence of PIM use in older adults in Hong Kong.

74  Although the PIM list extracted from the 2015 AGS Beers criteria can be used to assess the 

75 appropriateness of prescribing at the population level in Hong Kong, it may overestimate the 

76 prevalence of PIM use in older adults for the benefits of PIMs may outweigh risks at the 

77 individual level.

78
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79 Background

80 Potentially inappropriate medication (PIM) use occurs when patients are prescribed drugs the 

81 associated risks of which outweigh potential benefits [1], especially when effective alternatives are 

82 available. PIM use can cause adverse drug events, which contribute to increased morbidity and 

83 mortality as well as higher healthcare expenditures [2]. Older adults are particularly at risk for PIM 

84 use because of the high likelihood of comorbid diseases, necessitating the prescription of multiple 

85 medications [3]. In Hong Kong, people aged 65 years or older (hereafter referred to as “older 

86 adults”), accounted for 15.9% of the total population in mid-2016, and this percentage is estimated 

87 to reach 33.7% by 2066 [4]. To present a wider perspective, in 2019, the proportions of older adults 

88 in the populations of Europe and North America were estimated to be 18.8% and 16.4%, 

89 respectively [5]. Therefore, the detection of PIM use among older adults worldwide, including 

90 Hong Kong, has become an important public health concern.

91

92 PIM use among older adults can be assessed by explicit criterion-based measures or implicit 

93 judgment-based measures [6]. Explicit criteria are usually drug or disease oriented that are 

94 developed from literature review, expert opinions and consensus techniques [7]. They can be 

95 applied to large samples of people to assess the prevalence of PIM use from a macro level. On the 

96 other hand, the application of implicit criteria in assessing the appropriateness of prescribing 

97 require a clinician’s judgement based on an individual’s clinical information [8]. Since it is time 

98 consuming and costly to use implicit criteria to evaluate the appropriateness of prescribing [8], 

99 explicit criteria are more favored to assess the prevalence of PIM use in population-based studies. 

100
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101 The first set of explicit criteria assessing the appropriateness of prescribing was the Beers criteria, 

102 created in 1991 [9] in the US and updated in 1997 [10] and 2003 [11]. However, as these early versions 

103 incurred criticism [12,13], the American Geriatrics Society (AGS) expert panel made a major 

104 revision to the 2012 Beers criteria by incorporating new evidence of safety and efficacy of drug 

105 use [14]. The contents of the 2012 AGS Beers criteria mainly included three categories: drugs that 

106 should be generally avoided, drugs that should be avoided due to specific diseases or syndromes, 

107 and drugs that should be used with caution in older adults [14]. Subsequently, two new categories—

108 drug-drug interactions and drugs to avoid based on kidney function—were added to the 2015 AGS 

109 Beers criteria [15]. These five categories remain in the 2019 version, which is the most up-to-date 

110 [16]. The Beers criteria were widely used to assess the prevalence of PIM use in a variety of settings 

111 across different countries beyond the US [17-20]. Hence, it is convenient to make an international 

112 comparison of the prevalence of PIM use by applying the Beers criteria in the local context.

113

114 In Hong Kong, the Hospital Authority (HA) is responsible for the management of all the public 

115 health services, including 43 public hospitals, 49 Specialist Out-patient Clinics (SOPCs), and 73 

116 General Out-patient Clinics (GOPCs) across seven geographic clusters [21]. Over 90% of inpatient 

117 services in Hong Kong are provided by public hospitals, whereas 70% of outpatient consultations 

118 are provided by private sectors [22]. Patients who cannot afford outpatient services in private sectors 

119 can use public services instead. Older adults are major consumers of public health services in Hong 

120 Kong; this population accounted for around half of all patient days at public hospitals and 38% of 

121 the GOPC visits at public clinics [22]. Public health services including drug fees are highly 

122 subsidized by the Hong Kong government. Therefore, quantifying and reducing the burden of PIM 

123 use is likely to aid in the reduction of healthcare costs. Although there have been studies in Hong 
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124 Kong using the Beers criteria to evaluate the prevalence of PIM use in older adults [23,24], these 

125 have generally either been conducted at a single hospital or employed small sample sizes. So far, 

126 there has been no territory-wide study to assess PIM use in Hong Kong. Hence, the aim of this 

127 study was to describe the prevalence of PIM use in older adults using territory-wide data over a 

128 nine-year period from all public GOPCs and to identify patient characteristics associated with PIM 

129 use in Hong Kong, China.

130

131 Methods

132 Data source 

133 This study was a cross-sectional study using the HA database from 2006 to 2014. The primary 

134 care clinicians collected patients’ electronic health records with the HA computer system. Since 

135 the HA computer system covers all the patients who attend GOPCs in Hong Kong, the data 

136 extracted from the HA database are highly reliable; there was no missing data in the datasets. The 

137 proportion of the aging population attending GOPCs in Hong Kong ranged from 41.6% to 46.2% 

138 from 2006 to 2014, with an increasing trend over time [4]. All the patient records in the HA database 

139 were anonymized and de-identified. A unique identity code was allocated to each patient so as to 

140 link them up across different datasets. Two different study cohorts were constructed to evaluate 

141 the proposed objectives. 

142

143 A cohort of older adults visiting GOPCs from January 1, 2006 to December 31, 2014 were 

144 extracted from the general outpatient dataset to estimate the prevalence of PIM use in this study. 

145 All the diagnoses of patients visiting GOPCs were coded with International Classification of 
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146 Primary Care, Second edition (ICPC-2) system. The prescription records of the study population 

147 were extracted from the medication datasets, which included drug prescriptions in the primary care 

148 setting. The medication datasets provided information on generic names of medications originating 

149 from the HA Drug Formulary, which were lack of details of indication, dose, or therapy duration. 

150

151 To identify patient characteristics associated with PIM use, another cohort was constructed 

152 containing patients aged 65 years or older visiting GOPCs from January 1, 2014 until December 

153 31, 2014. Information on the healthcare service utilization in the previous year (any hospital 

154 admission, accident and emergency (A&E) department visit, and GOPC visit) was also extracted 

155 from the HA database. Patients who experienced hospital transits were considered as only one 

156 hospital admission. Each consultation episode per patient was identified by a unique sequence 

157 number. The following patient characteristics were taken into account: gender, age, number of 

158 different drugs prescribed, number of diagnoses, number of GOPC visits within the year, and any 

159 healthcare service utilization in the previous year. The number of diagnoses and medications per 

160 person were calculated based on the number of ICPC-2 codes and generic drug names, respectively. 

161 Since the data were retrospective, pre-existing, and de-identified, we had no access to any sensitive 

162 information on patients, physicians and clinics. 

163

164 Operational definition of PIM use

165 The 2015 AGS Beers criteria included 5 categories of PIM use. The category of drugs that should 

166 be used with caution can be used under specific circumstances, thus it is not the key element of 

167 the criteria [15]. The list of drug-drug interactions is selective and not comprehensive [15]. The drugs 

168 to avoid based on kidney function require laboratory values, which are not included in the HA 

Page 9 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-051527 on 22 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

9

169 database. Hence, these three categories of PIM use were not considered in the current study. The 

170 operational definition of PIM use for this study included the other two categories of PIMs in the 

171 2015 AGS Beers criteria, namely, PIMs independent of diagnosis and PIMs due to drug-disease 

172 interactions. Since some of the defined PIMs are not available in the drug market of Hong Kong, 

173 the Beers criteria cannot be applied without going through a process of context modification. Given 

174 that the drugs listed in the HA drug formulary are frequently prescribed or dispensed at public 

175 clinics, the applicability of the Beers criteria in Hong Kong was examined in the context of the 

176 HA drug formulary [25], with the exclusion of the Beers drugs that were not covered by the 

177 formulary. Also, as the HA database was lack of complete prescribing information, PIMs with any 

178 exception or restriction in terms of indication, dose, or therapy duration were excluded. Hence, 

179 among the 40 statements under PIMs independent of diagnosis and 12 statements under PIMs due 

180 to disease-drug interactions from the 2015 AGS Beers criteria, the final PIM assessment criteria 

181 adapted to Hong Kong contained 11 statements under PIMs independent of diagnoses and 12 

182 statements under PIMs due to drug-disease interactions (Supplementary file 1).

183

184 Statistical analysis

185 A cross-sectional study was conducted to analyze the 12-month period prevalence of PIM use in 

186 older adults visiting GOPCs in Hong Kong from 2006 to 2014. The 12-month period prevalence 

187 of PIM use was defined as the number of older adults with at least one PIM use during the calendar 

188 year divided by the number of older adults visiting GOPCs during the calendar year.

189

190 A descriptive analysis was performed on the characteristics of PIM users and non-PIM users in 

191 2014. Chi-squared tests were used to compare differences between PIM users and non-PIM users. 
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192 A stepwise multivariable logistic regression analysis was conducted to identify the risk factors 

193 associated with having at least one PIM use in older adults visiting GOPCs. The variance inflation 

194 factor (VIF) for each independent variable in the reported model was examined to rule out 

195 multicollinearity. When we included the variables of healthcare service utilization in the previous 

196 year (any hospital admission, A&E department visit, and GOPC visit) in the regression model, the 

197 value of VIF for each of these variables was more than 10, which indicated a problem of 

198 collinearity. Therefore, we decided to exclude the variables of any healthcare service utilization in 

199 the previous year in the reported model. Wald tests were used to evaluate the statistical significance 

200 of each independent variable in the model. Adjusted odds ratios (AORs) were reported with 95% 

201 confidence intervals (CIs). A p value < 0.05 was considered statistically significant. R version 

202 3.4.3 software was used for all statistical analyses.

203

204 Patient and public involvement

205 No patient involved. 

206

207 Results

208 The study population included 844,910 older adults in the nine-year period from 2006 to 2014 

209 with a mean number of 4.6±2.8 GOPC visits per person. The mean age of the sample was 75.3±7.3 

210 years (26.6% aged ≥80), and 45.2% were males. The mean number of diagnoses and different 

211 medications prescribed were 4.0 ±2.0 and 9.4±6.8, respectively (Table 1).

212 Table 1. Characteristics of the older patients visiting GOPCs: 2006~2014

Characteristics 2006
N=354,098

2007
N=360,717

2008
N=375,354

2009
N=378,491

2010
N=393,241

2011
N=411,474

2012
N=438,987

2013
N=463,955

2014
N=489,301

Total
N=844,910
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Male, % 44.5 44.7 45.0 45.2 45.3 45.5 45.5 45.6 45.6 45.2
Age(mean±SD) 74.9±6.9 75.2±7.0 75.4±7.1 75.5±7.2 75.6±7.2 75.6±7.3 75.5±7.5 75.3±7.6 75.1±7.7 75.3±7.3

Age, %

65~69 27.5 26.4 25.5 25.6 25.6 26.6 28.5 30.5 32.6 27.6
70~74 26.9 26.5 26.0 25.3 24.8 23.6 22.2 20.9 20.2 24.0
75~79 22.3 22.5 22.8 22.7 22.3 21.8 21.2 20.4 19.4 21.7
80~84 13.6 14.3 14.8 15.1 15.6 15.9 15.7 15.6 15.3 15.1
85+ 9.6 10.4 10.9 11.3 11.7 12.2 12.5 12.6 12.6 11.5

No. of drugs 
prescribed 
(Mean±SD)

9.1±6.4 9.1±6.5 9.4±6.7 9.3±6.8 9.6±6.9 9.5±6.8 9.6±6.9 9.6±7.0 9.6±7.0 9.4±6.8

No. of diagnoses 
(Mean±SD) 3.6±1.9 3.7±1.9 3.9±2.0 4.0±2.0 4.0±2.0 4.1±2.0 4.2±2.1 4.3±2.1 4.3±2.1 4.0±2.0

No. of GOPC 
visits(Mean±SD) 5.1±3.3 4.9±3.0 4.9±3.0 4.8±2.8 4.6±2.8 4.5±2.7 4.3±2.6 4.2±2.6 4.1±2.5 4.6±2.8

213

214 Of the 489,301 older adults visiting GOPCs during 2014, 47.5% were prescribed at least one PIM 

215 (Table 2). Among the patients who were prescribed PIMs, 62.9% were prescribed one PIM, 

216 followed by 27.5% with two PIMs, 7.5% with three PIMs, and 2.1%with more than three PIMs 

217 prescribed. Significant differences between PIM users and non-PIM users were found in gender, 

218 number of different drugs prescribed, number of diagnoses, number of GOPC visits within the 

219 year, and healthcare service use in the previous year (p<0.001). PIM users made more frequent use 

220 of healthcare services in the previous year than non-PIM users in terms of GOPC visits, A&E visits, 

221 and hospital admissions (p<0.001). However, the variable age was not significantly different 

222 between the two groups (p=0.076).

223 Table 2. Characteristics of PIM users vs. non-PIM users visiting GOPCs in 2014

Variables PIM user
(n=232,445)

Non-PIM user
(n=256,856)

Total
(n=489,301) p-value

Gender <0.001

Male 101764(43.8%) 121378(47.3%) 223142(45.6%)

Female 130681(56.2%) 135478(52.7%) 266159(54.4%)
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Age 0.076

65~69 76252(32.8%) 83172(32.4%) 159424(32.6%)

70~74 46552(20.0%) 52131(20.3%) 98683(20.2%)

75~79 44862(19.3%) 49845(19.4%) 94707(19.4%)

80~84 35652(15.3%) 39080(15.2%) 74732(15.3%)

85+ 29127(12.5%) 32628(12.7%) 61755(12.6%)

No. of different drugs <0.001

0~3 7423(3.2%) 64980(25.3%) 72403(14.8%)

4~6 37099(16.0%) 81037(31.5%) 118136(24.1%)

7~9 51842(22.3%) 54895(21.4%) 106737(21.8%)

10~12 45314(19.5%) 26910(10.5%) 72224(14.8%)

>12 90767(39.0%) 29034(11.3%) 119801(24.5%)

No. of diagnoses <0.001

1 3720(1.6%) 4083(1.6%) 7803(1.6%)

2 32890(14.1%) 55051(21.4%) 87941(18.0%)

3 41064(17.7%) 61996(24.1%) 103060(21.1%)

4~6 109321(47.0%) 119750(46.6%) 229071(46.8%)

>6 45450(19.6%) 15976(6.2%) 61426(12.6%)

No. of concurrent PIMs <0.001

0 0(0.0%) 256856(100.0%) 256856(52.5%)

1 146240(62.9%) 0(0.0%) 146240(29.9%)

2 64025(27.5%) 0(0.0%) 64025(13.1%)

3 17377(7.5%) 0(0.0%) 17377(3.6%)

>3 4804(2.1%) 0(0.0%) 4804(1.0%)

No. of GOPC visits within the 
year <0.001

1 25403(10.9%) 42096(16.4%) 67499(13.8%)
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2~3 53661(23.1%) 74815(29.1%) 128476(26.3%)

4~5 87427(37.6%) 109259(42.5%) 196686(40.2%)

>5 65954(28.4%) 30686(11.9%) 96640(19.8%)

Any GOPC visit in the previous 
year <0.001

No 27648(11.9%) 42515(16.6%) 70163(14.3%)

Yes 204797(88.1%) 214341(83.4%) 419138(85.7%)

Any A&E visit in the previous 
year <0.001

No 156315(67.2%) 190216(74.1%) 346531(70.8%)

Yes 76130(32.8%) 66640(25.9%) 142770(29.2%)

Any hospital admission in the 
previous year <0.001

No 201521(86.7%) 231446(90.1%) 432967(88.5%)

Yes 30924(13.3%) 25410(9.9%) 56334(11.5%)

224

225 In this study, the 12-month period prevalence of PIM use decreased from 55.56% (95%CI=55.39–

226 55.72) in 2006 to 47.51% (95%CI=47.37–47.65) in 2014 (Fig 1). The prevalence of PIMs 

227 independent of diagnosis accounted for the majority of PIM use and exhibited a similar trend to 

228 the total prevalence: a decline from 55.05% (95%CI=54.89–55.22) in 2006 to 46.79% 

229 (95%CI=46.65–46.93) in 2014. The prevalence of PIMs due to drug-disease interactions increased 

230 slightly from 3.18% (95%CI=3.12–3.23) in 2006 to 4.69% (95%CI=4.63–4.75) in 2014.

231

232 Fig 1. 12-month prevalence of PIM use in Hong Kong older patients at GOPCs between 2006 

233 and 2014. BL= Beers List (PIMs independent of diagnoses); DDI= Drug-disease interactions 

234 (PIMs due to drug-disease interactions)

235
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236 The full list of the prevalence of PIM use for individual PIMs and PIMs due to disease-drug 

237 interactions is shown in the supplementary file 2. Table 3 presents the PIMs that were prescribed 

238 in over 1% of the older adults visiting GOPCs in 2014. The most frequently prescribed PIMs 

239 independent of diagnoses were chlorpheniramine (35.40%), promethazine (8.73%), 

240 diphenhydramine (8.44%), and methyldopa (4.07%). The most common PIMs due to drug-disease 

241 interactions were medications exacerbating lower urinary tract symptoms or benign prostatic 

242 hyperplasia (3.66%), followed by medications worsening dementia or cognitive impairment 

243 (1.08%).

244 Table 3. The most frequently prescribed PIMs among older adults visiting GOPCs in 2014 

245 according to the 2015 AGS Beers criteria

PIMs independent of diagnoses

Medication class Medication Prevalence of PIM use

First-generation antihistamines Chlorpheniramine 35.40%
First-generation antihistamines Promethazine 8.73%
First-generation antihistamines Diphenhydramine 8.44%
Central alpha blockers Methyldopa 4.07%
First-generation antihistamines Dexchlorpheniramine 1.92%
Benzodiazepines Lorazepam 1.15%
NSAIDs Indomethacin 1.14%
Antidepressants Amitriptyline 1.07%
First-generation antihistamines Hydroxyzine 1.04%
PIMs due to disease-drug interactions

Disease/ Syndrome Medication class/Medication Prevalence of PIM use

Lower urinary tract symptoms, 
benign prostatic hyperplasia Anticholinergics 3.66%

Dementia or cognitive impairment
Anticholinergics, benzodiazepines, H2-
receptor antagonists (famotidine, 
ranitidine), zolpidem, antipsychotics

1.08%

246
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247 The relationships between patient characteristics and PIM use were identified in the multivariable 

248 logistic regression analysis (Table 4). The strongest factor associated with PIM use was number 

249 of different drugs prescribed (AOR=23.01, 95% CI=22.36–23.67 for >12 drugs vs. <3). Females 

250 were more likely to receive PIMs than males (AOR=0.89, 95% CI=0.85–0.87 for males vs. 

251 females). A greater number of GOPC visits within the year was also associated with a greater risk 

252 of PIM use (AOR=1.83, 95% CI=1.78–1.88 for >5 visits vs. 1). Patients with more than six 

253 diagnoses were associated with higher rates of PIM use (AOR=1.43, 95% CI=1.36–1.52). All the 

254 variables in the model have a value of VIF far below 5, which indicated no problem of collinearity. 

255 All the independent predictors were proved to be significantly important with a p value less than 

256 0.001 generated by the Wald test.

257

258 Table 4. Factors associated with PIM use in older adults visiting GOPCs in 2014

Odds Ratio [95% CI]
Variables

Crude Adjusted

Gender

Female 1.00 1.00

Male 0.87[0.86~0.88]*** 0.86[0.85~0.87]***

Age

65~69 1.00 -

70~74 0.97[0.96~0.99]**

75~79 0.98[0.97~1.00]*

80~84 1.00[0.98~1.01]

85+ 0.97[0.96~0.99]**

No. of unique drugs
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0~3 1.00 1.00

4~6 4.01[3.90~4.12]*** 3.96[3.86~4.07]***

7~9 8.27[8.05~8.49]*** 7.87[7.65~8.09]***

10~12 14.74[14.33~15.17]*** 13.18[12.80~13.57]***

>12 27.37[26.63~28.13]*** 23.01[22.36~23.67]***

No. of diagnoses

1 1.00 1.00

2 0.66[0.63~0.69]*** 1.13[1.08~1.20]***

3 0.73[0.69~0.76]*** 1.02[0.97~1.08]

4~6 1.00[0.96~1.05] 0.94[0.89~0.99]*

>6 3.12[2.97~3.28]*** 1.43[1.36~1.52]***

No. of GOPC visits within the year

1 1.00 1.00

2~3 1.19[1.17~1.21]*** 1.17[1.14~1.19]***

4~5 1.33[1.30~1.35]*** 1.16[1.14~1.19]***

>5 3.56[3.49~3.64]*** 1.83[1.78~1.88]***

Any GOPC visits in the previous year

No 1.00 -

Yes 1.47[1.45~1.49]***

Any A&E visits in the previous year 

No 1.00 -

Yes 1.39[1.37~1.41]***

Any hospital admission in the previous year

No 1.00 -

Yes 1.40[1.37~1.42]***

259 *p <0.05
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260 **p <0.01

261 ***p <0.001

262 - Not included in the multivariable model

263 Discussion

264 This study used the major subsets of the 2015 AGS Beers criteria to assess the burden of PIM use 

265 at GOPCs in older adults in Hong Kong between 2006 and 2014. The prevalence estimates of PIM 

266 use in the current study were generally higher than that previously reported in Hong Kong ranging 

267 from 30.3% to 38.6% [23,24]. A recent systematic review summarized 12 studies conducted in 

268 different countries across Europe, North America, South America, Asia, Africa, and Oceania that 

269 used the 2015 AGS Beers criteria to assess the percentage of PIM use among community patients 

270 aged 65 years or above [26]. The weighted average percentage of patients who were prescribed one 

271 or more PIM was 58% for 593,389 community patients [26], which was relatively higher than that 

272 reported in the current study. However, most of these studies included in the systematic review 

273 only employed a small sample size with lack of representativeness. More population-based studies 

274 are needed to assess the prevalence of PIM use in older adults using the 2015 AGS Beers criteria. 

275 The present study showed a decreasing trend of PIM use in Hong Kong, although a large number 

276 of older adults were still exposed to PIMs. The HA continuously widens the scope of the drug 

277 formulary to include more cost-effective drugs with proven clinical efficacy, which can partly 

278 explain the decreasing trend of PIM use in Hong Kong. Given the changing prescribing frequency 

279 and the release of new PIM assessing criteria, it is important to have access to updated figures 

280 regarding the prevalence of PIM use in older adults. The results indicate that PIM use is prevalent 

281 in community-dwelling older adults in Hong Kong and it is necessary to monitor medication use 

282 in these patients. The HA computer system should alert prescribers to the high risk of PIM use 
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283 among vulnerable patients. Since the HA drug formulary is updated quarterly every year, the 

284 mechanism of reviewing evidence on the selection of the HA drug formulary should take the 

285 frequently prescribed PIMs into account by excluding drugs with an unfavorable benefit/risk ratio 

286 to older patients and purchasing therapeutic alternatives. 

287

288 Several factors may account for the high prevalence of PIM use in older adults visiting GOPCs in 

289 Hong Kong. First, the prevalence of multimorbidity has been increasing and patients with chronic 

290 conditions often consult multiple doctors in public clinics, which can elevate the risk of PIM 

291 exposure [27]. Although the HA established a chronic disease management program at selected 

292 GOPCs to enhance drug use safety in 2009 [28], GOPCs do not conduct regular reviews of a 

293 patient’s medication list. Second, healthcare financing might contribute to PIM use. The Hong 

294 Kong health system is funded by taxation, and GOPC services, including drug expenses, are highly 

295 subsidized [29]. The copayment for GOPC services is 50HKD (7.5USD) per visit without any 

296 medication copayment [30], compared with an average of 200HKD at a private clinic [29]. 

297 Consequently, older adults are more willing to attend public clinics and frequent GOPC visits 

298 could increase the risk of PIM exposure. In addition, doctors are not required to have formal 

299 training in family medicine to practice at GOPCs in Hong Kong [31]. Under the circumstances, it 

300 is likely that some of the general practitioners at GOPCs may have insufficient knowledge in 

301 pharmacotherapy for older adults and lack awareness of the risks of PIM use. Furthermore, the 

302 prescribing rate of first-generation antihistamines is relatively high in Hong Kong older patients 

303 mainly because clinicians at GOPCS are inclined to prescribe first-generation antihistamines for 

304 patients to treat colds. Since the PIM statements with a therapy duration were not included in the 

305 current study, the consideration of short-term prescriptions only also contributed to the detection 
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306 of frequent use of first-generation antihistamines in older adults. Overall, prescribers in Hong 

307 Kong should be more careful on prescribing first-generation antihistamines for older patients since 

308 the risks may outweigh benefits. 

309

310 Previous studies suggested that the prescribing of PIMs was associated with the female gender, 

311 advancing age, and larger number of drugs prescribed [32]. The results of the current study were 

312 consistent with previous studies in terms of greater risk of PIM use in females and patients who 

313 were prescribed more drugs. However, the variable age was not significantly associated with PIM 

314 use. Some recent studies have indicated that the risk of receiving PIMs decreases with age [12,33]. 

315 The inconsistent results may depend on the study sample, the PIM criteria applied, and the 

316 inclusion of diagnoses, making it difficult to make a proper comparison. More evidence is needed 

317 to identify the relationship between age and PIM exposure. In the multivariable regression analysis, 

318 the number of different drugs prescribed appeared to be the strongest predictor of PIM use. Patients 

319 with a larger number of GOPC visits and more than six diagnoses were more likely to be exposed 

320 to PIM prescription. Hence, interventions such as medication review, evidence-based drug therapy 

321 recommendation guidelines for prescribers, and patient education should be strengthened on these 

322 vulnerable older adults. 

323

324 To date, this is the first territory-wide study assessing the prevalence of PIM use in older adults 

325 visiting GOPCs, which represented over 40% of the aging population in Hong Kong. Given the 

326 large sample size and use of the a relatively new version of the Beers criteria, the current results 

327 might be more precise than previous findings from Hong Kong. In addition, this study is one of 

328 the first attempts to identify the factors associated with PIM use in Hong Kong. Although the 
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329 constant updating of the HA drug formulary has led to improvements in the quality of care, the 

330 present findings could help enhance prescribing quality by quantifying the burden of PIM use in 

331 Hong Kong at the population level and identifying vulnerable patients who need further 

332 interventions. However, this study also has some limitations. First, the prevalence of PIM use may 

333 have been underestimated because of unaddressed PIMs related to indication, dose, and therapy 

334 duration. Most of previous studies using administrative data sources have gaps in clinical 

335 information and drug exposure data [32]. However, by contrast to the studies using medical records 

336 or surveys, the large administrative databases could offer information with representativeness, 

337 which yields more accurate estimates and power to detect statistical significance. These 

338 contributions allowed the use of administrative databases as a valid approach to assess the quality 

339 of health care [34]. Second, the prevalence estimates of PIM use were only assessed in the context 

340 of the HA drug formulary. Patients may have other sources of PIMs such as private clinics or 

341 commercial pharmacies. Third, a new version of the Beers criteria was released in 2019 before the 

342 current study was conducted [16]. In the 2019 updated Beers criteria [16], several drug-disease 

343 interactions from the 2015 AGS Beers criteria have been removed for not particularly problematic 

344 to older adults, while some new PIM statements have been added to the updated criteria. These 

345 changes were not considered in the current study. Therefore, the prevalence rates of PIM use in 

346 Hong Kong older patients need to be updated using the latest version of the Beers criteria in future 

347 studies. Furthermore, except for potentially inappropriate medications, inappropriate prescribing 

348 also includes potentially prescribing omissions (PPOs) [35], yet they are not evaluated in this study. 

349 Efforts should be made to narrow down this research gap in future studies. 

350
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351 The Beers criteria can be a useful tool to measure prescribing quality at the macro level so as to 

352 initiate action to prevent adverse drug events [14]. However, it cannot replace prescribers’ clinical 

353 judgment because the benefits of PIMs may outweigh risks at the individual level. Several 

354 researchers have found it difficult to adapt the Beers criteria to local situations because of 

355 contextual differences in terms of approved drugs, clinical practice, and health system regulations 

356 [36,37]. Therefore, several country-specific explicit criteria have been developed to assess the local 

357 prescribing quality [36-39]. In 2019, a Hong Kong-specific PIM list was developed based on nine 

358 sets of published criteria and validated by a two-round modified Delphi process [40]. Future studies 

359 should focus on comparing the ability of this Hong Kong-specific PIM list in assessing PIM use 

360 with the Beers criteria in older adults in Hong Kong. 

361

362 Conclusions

363 In conclusion, the overall prevalence of PIM use in older adults visiting GOPCs in Hong Kong 

364 was high using the major subsets of the Beers criteria. Patients with female gender, a larger number 

365 of medications prescribed, more frequent visits to GOPCs, and more than six diagnoses were at 

366 higher risk for PIM use. Interventions should be strengthened on these vulnerable older adults, 

367 particularly in the context of older adults who are prescribed numerous medications.

368
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Supplementary file 1. Hong Kong-Beers adaptive potentially inappropriate 

medication list 

PIMs independent of diagnoses 

Organ system Medication class Medication 

Anticholinergics First-generation 

antihistamines 

chlorpheniramine, cyproheptadine,  

dexchlorpheniramine, dimenhydrinate 

hydroxyzine, promethazine, 

diphenhydramine 

Cardiovascular Central alpha blockers methyldopa 

Nifedipine nifedipine (immediate release) 

Central nervous 

system 

Antidepressants amitriptyline, clomipramine, imipramine 

nortriptyline, paroxetine, trimipramine 

Benzodiazepines (Short- 

and intermediate- acting) 

alprazolam, lorazepam, triazolam 

Benzodiazepines (Long- 

acting) 

chlordiazepoxide, clonazepam, diazepam 

Nonbenzodiazepine zolpidem 

Megestrol megestrol 

Pain medication NSAIDs indomethacin 

Ketorolac ketorolac, includes parenteral 

Skeletal muscle relaxants orphenadrine 

PIMs due to disease-drug interactions  

Disease or syndrome ICPC-2 code Medication 

Heart failure K77 NSAIDs and COX-2 inhibitors, 

thiazolidinediones (pioglitazone, 

rosiglitazone), cilostazol 

Syncope A06 AChEIs, peripheral alpha-1 blockers 

(doxazosin, prazosin, terazosin), tertiary 

TCAs, chlorpromazine, thioridazine, 

olanzapine 

Chronic seizures or 

epilepsy 

N07; N88 bupropion, chlorpromazine, clozapine, 

olanzapine, thioridazine, tramadol 

Delirium P71 anticholinergics, antipsychotics, 

benzodiazepines, chlorpromazine, 

corticosteroids, H2-receptor antagonists 

(famotidine, ranitidine), sedative hypnotics 

Dementia or cognitive 

impairment 

P70 anticholinergics, benzodiazepines, H2-

receptor antagonists (famotidine, 

ranitidine), zolpidem, antipsychotics 

History of falls or 

fractures 

L72~L76 anticonvulsants, antipsychotics, 

benzodiazepines, zolpidem, TCAs, SSRIs, 

opioids 

Insomnia P06 oral decongestants (pseudoephedrine, 
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phenylephrine), stimulants 

(methylphenidate), theobromines 

(theophylline, caffeine)  

Parkinson disease N87 antipsychotics (except aripiprazole, 

quetiapine, clozapine) antiemetics 

(metoclopramide, prochlorperazine, 

promethazine)  

History of gastric or 

duodenal ulcers  

D85; D86 Non-COX-2 selective NSAIDs 

Chronic kidney disease U99 NSAIDs 

Urinary incontinence 

all types  

U04 oestrogen, peripheral alpha-1 blockers 

(doxazosin, prazosin, terazosin)  

Lower urinary tract 

symptoms, benigh 

prostatic hyperplasia 

U02; U05; U07; U13; 

U29; Y06; Y85 

anticholinergics 

NSAIDs = nonsteroidal anti-inflammatory drugs; COX = cyclooxygenase; AChEIs = 

acetylcholinesterase inhibitors; TCAs = tricyclic antidepressants; SSRIs = selective 

serotonin reuptake inhibitors 
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Supplementary file 2. The prevalence of PIM use for individual PIMs and PIMs 

due to disease-drug interactions among older adults visiting GOPCs in 2014 
PIMs independent of diagnoses 

Medication class Medication Prevalence of PIM use 

First-generation antihistamines Chlorpheniramine 35.405% 

First-generation antihistamines Promethazine 8.726% 

First-generation antihistamines Diphenhydramine 8.440% 

Central alpha blockers Methyldopa 4.072% 

First-generation antihistamines Dexchlorpheniramine 1.924% 

Benzodiazepines Lorazepam 1.155% 

NSAIDs Indomethacin 1.142% 

Antidepressants Amitriptyline 1.073% 

First-generation antihistamines Hydroxyzine 1.042% 

Benzodiazepines Diazepam 0.756% 

Nonbenzodiazepine Zolpidem 0.681% 

First-generation antihistamines Dimenhydrinate 0.646% 

Benzodiazepines Clonazepam 0.510% 

Benzodiazepines Alprazolam 0.503% 

Antidepressants Paroxetine 0.159% 

Antidepressants Nortriptyline 0.091% 

Megestrol Megestrol 0.073% 

Antidepressants Imipramine 0.066% 

First-generation antihistamines Cyproheptadine 0.037% 

Antidepressants Trimipramine 0.029% 

Nifedipine Nifedipine (Immediate release) 0.023% 

Antidepressants Clomipramine 0.018% 

Benzodiazepines Chlordiazepoxide 0.013% 

Ketorolac Ketorolac 0.012% 
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Skeletal muscle relaxants Orphenadrine 0.004% 

Benzodiazepines Triazolam 0.004% 

PIMs due to disease-drug interactions 

Disease/ Syndrome Medication class/Medication Prevalence of PIM use 

Lower urinary tract symptoms, benign 
prostatic hyperplasia 

Anticholinergics 
3.657% 

Dementia or cognitive impairment 
Anticholinergics, benzodiazepines, H2-
receptor antagonists (famotidine, 
ranitidine), zolpidem, antipsychotics 

1.076% 

Chronic kidney disease NSAIDs 0.208% 
Heart failure NSAIDs and COX-2 inhibitors; 

thiazolidinediones (pioglitazone, 
rosiglitazone), cilostazol 

0.131% 

Parkinson disease antipsychotics (except aripiprazole, 
quetiapine, clozapine) antiemetics 
(metoclopramide, prochlorperazine, 
promethazine)  

0.106% 

History of falls or fractures anticonvulsants, antipsychotics, 
benzodiazepines, zolpidem, TCAs, 
SSRIs, opioids 

0.089% 

History of gastric or duodenal ulcers  Non-COX-2 selective NSAIDs 0.040% 
Chronic seizures or epilepsy bupropion, chlorpromazine, clozapine, 

olanzapine, thioridazine, tramadol 
0.022% 

Syncope AChEIs, peripheral alpha-1 blockers 
(doxazosin, prazosin, terazosin), 
tertiary TCAs, chlorpromazine, 
thioridazine, olanzapine 

0.019% 

Insomnia oral decongestants (pseudoephedrine, 
phenylephrine), stimulants 
(methylphenidate), theobromines 
(theophylline, caffeine)  

0.017% 

Urinary incontinence all types  oestrogen, peripheral alpha-1 blockers 
(doxazosin, prazosin, terazosin)  

0.004% 

Delirium anticholinergics, antipsychotics, 
benzodiazepines, chlorpromazine, 
corticosteroids, H2-receptor 
antagonists (famotidine, ranitidine), 
sedative hypnotics 

0.002% 
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find 

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to 

include the missing information. If you are certain that an item does not apply, please write "n/a" and 

provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite 

them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening 

the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for 

reporting observational studies.

Reporting Item

Page 

Number

Title and abstract

Title #1a Indicate the study’s design with a commonly used term in the 

title or the abstract

#1

Abstract #1b Provide in the abstract an informative and balanced summary #2, #3
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of what was done and what was found

Introduction

Background / 

rationale

#2 Explain the scientific background and rationale for the 

investigation being reported

#5, #6

Objectives #3 State specific objectives, including any prespecified 

hypotheses

#5, #6

Methods

Study design #4 Present key elements of study design early in the paper #7

Setting #5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data collection

#7

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of 

selection of participants.

#7, #8

#7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable

#8, #9

Data sources / 

measurement

#8 For each variable of interest give sources of data and details of 

methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one 

group. Give information separately for exposed and unexposed 

groups if applicable.

#8

Bias #9 Describe any efforts to address potential sources of bias #9

Study size #10 Explain how the study size was arrived at #7
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Quantitative 

variables

#11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were chosen, 

and why

#8

Statistical 

methods

#12a Describe all statistical methods, including those used to control 

for confounding

#9, #10

Statistical 

methods

#12b Describe any methods used to examine subgroups and 

interactions

#11

Statistical 

methods

#12c Explain how missing data were addressed #7

Statistical 

methods

#12d If applicable, describe analytical methods taking account of 

sampling strategy

n/a

Statistical 

methods

#12e Describe any sensitivity analyses n/a

Results

Participants #13a Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and 

analysed. Give information separately for for exposed and 

unexposed groups if applicable.

#10

Participants #13b Give reasons for non-participation at each stage n/a

Participants #13c Consider use of a flow diagram #10

Descriptive data #14a Give characteristics of study participants (eg demographic, #10
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clinical, social) and information on exposures and potential 

confounders. Give information separately for exposed and 

unexposed groups if applicable.

Descriptive data #14b Indicate number of participants with missing data for each 

variable of interest

#7

Outcome data #15 Report numbers of outcome events or summary measures. 

Give information separately for exposed and unexposed 

groups if applicable.

#11, #12

Main results #16a Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and 

why they were included

#15, #16

Main results #16b Report category boundaries when continuous variables were 

categorized

#11, #12

Main results #16c If relevant, consider translating estimates of relative risk into 

absolute risk for a meaningful time period

n/a

Other analyses #17 Report other analyses done—e.g., analyses of subgroups and 

interactions, and sensitivity analyses

n/a

Discussion

Key results #18 Summarise key results with reference to study objectives #16, #18

Limitations #19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias.

#19
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Interpretation #20 Give a cautious overall interpretation considering objectives, 

limitations, multiplicity of analyses, results from similar studies, 

and other relevant evidence.

#17, #18

Generalisability #21 Discuss the generalisability (external validity) of the study 

results

#19

Other Information

Funding #22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on which 

the present article is based

#21

None The STROBE checklist is distributed under the terms of the Creative Commons Attribution 

License CC-BY. This checklist can be completed online using https://www.goodreports.org/, a tool 

made by the EQUATOR Network in collaboration with Penelope.ai
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2

24 Abstract

25 Objectives 

26 To assess the prevalence of potentially inappropriate medication (PIM) use in Hong Kong older 

27 patients visiting general outpatient clinics (GOPCs) between 2006 and 2014 and to identify factors 

28 associated with PIM use among older adults visiting GOPCs in 2014.

29

30 Design

31 Cross-sectional study.

32

33 Setting

34 General outpatient clinics.

35

36 Participants

37 Two study samples were constructed including a total of 844,910 patients aged 65 and above from 

38 2006 to 2014 and a cohort of 489,301 older patients in 2014.

39

40 Measurements

41 Two subsets of the 2015 American Geriatrics Society (AGS) Beers criteria—PIMs independent of 

42 diagnosis and PIMs due to drug-disease interactions—were used to estimate the prevalence of PIM 

43 use over 12 months. PIMs that were not included in the Hospital Authority drug formulary or with 

44 any specific restriction or exception in terms of indication, dose, or therapy duration were excluded. 
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45 Characteristics of PIM users and non-PIM users visiting GOPCs in 2014 were compared. 

46 Independent associations between patient variables and PIM use were assessed by stepwise 

47 multivariable logistic regression analysis.

48

49 Results 

50 The 12-month period prevalence of PIM use decreased from 55.56% (95%CI=55.39–55.72) in 

51 2006 to 47.51% (95%CI=47.37–47.65) in 2014. In the multivariable regression analysis, the 

52 strongest factor associated with PIM use was the number of different drugs prescribed 

53 (AOR=23.01, 95% CI=22.36–23.67). Being female (AOR=0.89, 95% CI=0.85–0.87 for males vs. 

54 females) and having a greater number of GOPC visits (AOR=1.83, 95% CI=1.78–1.88) as well as 

55 more than six diagnoses (AOR=1.43, 95%CI=1.36–1.52) were associated with PIM use.

56

57 Conclusions 

58 The overall prevalence of PIM use in older adults visiting GOPCs decreased from 2006 to 2014 in 

59 Hong Kong although the prevalence of PIM use was still high in 2014. Patients with female gender, 

60 a larger number of medications prescribed, more frequent visits to GOPCs, and more than six 

61 diagnoses were at higher risk for PIM use. 

62  

63 Keywords

64 potentially inappropriate medication; Beers criteria; older adults; Hong Kong

65

66
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67 Article Summary

68 Strengths and limitations of this study

69  This is the first territory-wide study assessing the prevalence of potentially inappropriate 

70 medication (PIM) use in older adults over a nine-year period from 2006 to 2014 in Hong Kong. 

71  Since this study was retrospective using an administrative database, a limited number of PIM 

72 statements from the 2015 American Geriatrics Society (AGS) Beers criteria were employed, 

73 resulting in the underestimation of the prevalence of PIM use in older adults in Hong Kong.

74  Although the PIM list extracted from the 2015 AGS Beers criteria can be used to assess the 

75 appropriateness of prescribing at the population level in Hong Kong, it may overestimate the 

76 prevalence of PIM use in older adults for the benefits of PIMs may outweigh risks at the 

77 individual level.

78
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79 Background

80 Potentially inappropriate medication (PIM) use occurs when patients are prescribed drugs the 

81 associated risks of which outweigh potential benefits [1], especially when effective alternatives are 

82 available. PIM use can cause adverse drug events, which contribute to increased morbidity and 

83 mortality as well as higher healthcare expenditures [2]. Older adults are particularly at risk for PIM 

84 use because of the high likelihood of comorbid diseases, necessitating the prescription of multiple 

85 medications [3]. In Hong Kong, people aged 65 years or older (hereafter referred to as “older 

86 adults”), accounted for 15.9% of the total population in mid-2016, and this percentage is estimated 

87 to reach 33.7% by 2066 [4]. To present a wider perspective, in 2019, the proportions of older adults 

88 in the populations of Europe and North America were estimated to be 18.8% and 16.4%, 

89 respectively [5]. Therefore, the detection of PIM use among older adults worldwide, including 

90 Hong Kong, has become an important public health concern.

91

92 PIM use among older adults can be assessed by explicit criterion-based measures or implicit 

93 judgment-based measures [6]. Explicit criteria are usually drug or disease oriented that are 

94 developed from literature review, expert opinions and consensus techniques [7]. They can be 

95 applied to large samples of people to assess the prevalence of PIM use from a macro level. On the 

96 other hand, the application of implicit criteria in assessing the appropriateness of prescribing 

97 require a clinician’s judgement based on an individual’s clinical information [8]. Since it is time 

98 consuming and costly to use implicit criteria to evaluate the appropriateness of prescribing [8], 

99 explicit criteria are more favored to assess the prevalence of PIM use in population-based studies. 

100
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101 The first set of explicit criteria assessing the appropriateness of prescribing was the Beers criteria, 

102 created in 1991 [9] in the US and updated in 1997 [10] and 2003 [11]. However, as these early versions 

103 incurred criticism [12,13], the American Geriatrics Society (AGS) expert panel made a major 

104 revision to the 2012 Beers criteria by incorporating new evidence of safety and efficacy of drug 

105 use [14]. The contents of the 2012 AGS Beers criteria mainly included three categories: drugs that 

106 should be generally avoided, drugs that should be avoided due to specific diseases or syndromes, 

107 and drugs that should be used with caution in older adults [14]. Subsequently, two new categories—

108 drug-drug interactions and drugs to avoid based on kidney function—were added to the 2015 AGS 

109 Beers criteria [15]. These five categories remain in the 2019 version, which is the most up-to-date 

110 [16]. The Beers criteria were widely used to assess the prevalence of PIM use in a variety of settings 

111 across different countries beyond the US [17-20]. Hence, it is convenient to make an international 

112 comparison of the prevalence of PIM use by applying the Beers criteria in the local context.

113

114 In Hong Kong, the Hospital Authority (HA) is responsible for the management of all the public 

115 health services, including 43 public hospitals, 49 Specialist Out-patient Clinics (SOPCs), and 73 

116 General Out-patient Clinics (GOPCs) across seven geographic clusters [21]. Over 90% of inpatient 

117 services in Hong Kong are provided by public hospitals, whereas 70% of outpatient consultations 

118 are provided by private sectors [22]. Patients who cannot afford outpatient services in private sectors 

119 can use public services instead. Older adults are major consumers of public health services in Hong 

120 Kong; this population accounted for around half of all patient days at public hospitals and 38% of 

121 the GOPC visits at public clinics [22]. Public health services including drug fees are highly 

122 subsidized by the Hong Kong government. Therefore, quantifying and reducing the burden of PIM 

123 use is likely to aid in the reduction of healthcare costs. Although there have been studies in Hong 
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124 Kong using the Beers criteria to evaluate the prevalence of PIM use in older adults [23,24], these 

125 have generally either been conducted at a single hospital or employed small sample sizes. So far, 

126 there has been no territory-wide study to assess PIM use in Hong Kong. Hence, the aim of this 

127 study was to describe the prevalence of PIM use in older adults using territory-wide data over a 

128 nine-year period from all public GOPCs and to identify patient characteristics associated with PIM 

129 use in Hong Kong, China.

130

131 Methods

132 Data source 

133 This study was a cross-sectional study using the HA database from 2006 to 2014. The primary 

134 care clinicians collected patients’ electronic health records with the HA computer system. Since 

135 the HA computer system covers all the patients who attend GOPCs in Hong Kong, the data 

136 extracted from the HA database are highly reliable; there was no missing data in the datasets. The 

137 proportion of the aging population attending GOPCs in Hong Kong ranged from 41.6% to 46.2% 

138 from 2006 to 2014, with an increasing trend over time [4]. All the patient records in the HA database 

139 were anonymized and de-identified. A unique identity code was allocated to each patient so as to 

140 link them up across different datasets. Two different study cohorts were constructed to evaluate 

141 the proposed objectives. 

142

143 A cohort of older adults visiting GOPCs from January 1, 2006 to December 31, 2014 were 

144 extracted from the general outpatient dataset to estimate the prevalence of PIM use in this study. 

145 All the diagnoses of patients visiting GOPCs were coded with International Classification of 
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146 Primary Care, Second edition (ICPC-2) system. The prescription records of the study population 

147 were extracted from the medication datasets, which included drug prescriptions in the primary care 

148 setting. The medication datasets provided information on generic names of medications originating 

149 from the HA Drug Formulary, which were lack of details of indication, dose, or therapy duration. 

150

151 To identify patient characteristics associated with PIM use, another cohort was constructed 

152 containing patients aged 65 years or older visiting GOPCs from January 1, 2014 until December 

153 31, 2014. Information on the healthcare service utilization in the previous year (any hospital 

154 admission, accident and emergency (A&E) department visit, and GOPC visit) was also extracted 

155 from the HA database. Patients who experienced hospital transits were considered as only one 

156 hospital admission. Each consultation episode per patient was identified by a unique sequence 

157 number. The following patient characteristics were taken into account: gender, age, number of 

158 different drugs prescribed, number of diagnoses, number of GOPC visits within the year, and any 

159 healthcare service utilization in the previous year. The number of diagnoses and medications per 

160 person were calculated based on the number of ICPC-2 codes and generic drug names, respectively. 

161 Since the data were retrospective, pre-existing, and de-identified, we had no access to any sensitive 

162 information on patients, physicians and clinics. 

163

164 Operational definition of PIM use

165 The 2015 AGS Beers criteria included 5 categories of PIM use. The category of drugs that should 

166 be used with caution can be used under specific circumstances, thus it is not the key element of 

167 the criteria [15]. The list of drug-drug interactions is selective and not comprehensive [15]. The drugs 

168 to avoid based on kidney function require laboratory values, which are not included in the HA 
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169 database. Hence, these three categories of PIM use were not considered in the current study. The 

170 operational definition of PIM use for this study included the other two categories of PIMs in the 

171 2015 AGS Beers criteria, namely, PIMs independent of diagnosis and PIMs due to drug-disease 

172 interactions. Since some of the defined PIMs are not available in the drug market of Hong Kong, 

173 the Beers criteria cannot be applied without going through a process of context modification. Given 

174 that the drugs listed in the HA drug formulary are frequently prescribed or dispensed at public 

175 clinics, the applicability of the Beers criteria in Hong Kong was examined in the context of the 

176 HA drug formulary [25], with the exclusion of the Beers drugs that were not covered by the 

177 formulary. Also, as the HA database was lack of complete prescribing information, PIMs with any 

178 exception or restriction in terms of indication, dose, or therapy duration were excluded. Hence, 

179 among the 40 statements under PIMs independent of diagnosis and 12 statements under PIMs due 

180 to disease-drug interactions from the 2015 AGS Beers criteria, the final PIM assessment criteria 

181 adapted to Hong Kong contained 11 statements under PIMs independent of diagnoses and 12 

182 statements under PIMs due to drug-disease interactions (Supplementary file 1).

183

184 Statistical analysis

185 A cross-sectional study was conducted to analyze the 12-month period prevalence of PIM use in 

186 older adults visiting GOPCs in Hong Kong from 2006 to 2014. The 12-month period prevalence 

187 of PIM use was defined as the number of older adults with at least one PIM use during the calendar 

188 year divided by the number of older adults visiting GOPCs during the calendar year.

189

190 A descriptive analysis was performed on the characteristics of PIM users and non-PIM users in 

191 2014. Chi-squared tests were used to compare differences between PIM users and non-PIM users. 
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192 A stepwise multivariable logistic regression analysis was conducted to identify the risk factors 

193 associated with having at least one PIM use in older adults visiting GOPCs. The variance inflation 

194 factor (VIF) for each independent variable in the reported model was examined to rule out 

195 multicollinearity. When we included the variables of healthcare service utilization in the previous 

196 year (any hospital admission, A&E department visit, and GOPC visit) in the regression model, the 

197 value of VIF for each of these variables was more than 10, which indicated a problem of 

198 collinearity. Therefore, we decided to exclude the variables of any healthcare service utilization in 

199 the previous year in the reported model. Wald tests were used to evaluate the statistical significance 

200 of each independent variable in the model. Adjusted odds ratios (AORs) were reported with 95% 

201 confidence intervals (CIs). A p value < 0.05 was considered statistically significant. R version 

202 3.4.3 software was used for all statistical analyses.

203

204 Patient and public involvement

205 No patient involved. 

206

207 Results

208 The study population included 844,910 older adults in the nine-year period from 2006 to 2014 

209 with a mean number of 4.6±2.8 GOPC visits per person. The mean age of the sample was 75.3±7.3 

210 years (26.6% aged ≥80), and 45.2% were males. The mean number of diagnoses and different 

211 medications prescribed were 4.0 ±2.0 and 9.4±6.8, respectively (Table 1).

212 Table 1. Characteristics of the older patients visiting GOPCs: 2006~2014

Characteristics 2006
N=354,098

2007
N=360,717

2008
N=375,354

2009
N=378,491

2010
N=393,241

2011
N=411,474

2012
N=438,987

2013
N=463,955

2014
N=489,301

Total
N=844,910
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Male, % 44.5 44.7 45.0 45.2 45.3 45.5 45.5 45.6 45.6 45.2
Age(mean±SD) 74.9±6.9 75.2±7.0 75.4±7.1 75.5±7.2 75.6±7.2 75.6±7.3 75.5±7.5 75.3±7.6 75.1±7.7 75.3±7.3

Age, %

65~69 27.5 26.4 25.5 25.6 25.6 26.6 28.5 30.5 32.6 27.6
70~74 26.9 26.5 26.0 25.3 24.8 23.6 22.2 20.9 20.2 24.0
75~79 22.3 22.5 22.8 22.7 22.3 21.8 21.2 20.4 19.4 21.7
80~84 13.6 14.3 14.8 15.1 15.6 15.9 15.7 15.6 15.3 15.1
85+ 9.6 10.4 10.9 11.3 11.7 12.2 12.5 12.6 12.6 11.5

No. of drugs 
prescribed 
(Mean±SD)

9.1±6.4 9.1±6.5 9.4±6.7 9.3±6.8 9.6±6.9 9.5±6.8 9.6±6.9 9.6±7.0 9.6±7.0 9.4±6.8

No. of diagnoses 
(Mean±SD) 3.6±1.9 3.7±1.9 3.9±2.0 4.0±2.0 4.0±2.0 4.1±2.0 4.2±2.1 4.3±2.1 4.3±2.1 4.0±2.0

No. of GOPC 
visits(Mean±SD) 5.1±3.3 4.9±3.0 4.9±3.0 4.8±2.8 4.6±2.8 4.5±2.7 4.3±2.6 4.2±2.6 4.1±2.5 4.6±2.8

213

214 Of the 489,301 older adults visiting GOPCs during 2014, 47.5% were prescribed at least one PIM 

215 (Table 2). Among the patients who were prescribed PIMs, 62.9% were prescribed one PIM, 

216 followed by 27.5% with two PIMs, 7.5% with three PIMs, and 2.1%with more than three PIMs 

217 prescribed. Significant differences between PIM users and non-PIM users were found in gender, 

218 number of different drugs prescribed, number of diagnoses, number of GOPC visits within the 

219 year, and healthcare service use in the previous year (p<0.001). PIM users made more frequent use 

220 of healthcare services in the previous year than non-PIM users in terms of GOPC visits, A&E visits, 

221 and hospital admissions (p<0.001). However, the variable age was not significantly different 

222 between the two groups (p=0.076).

223 Table 2. Characteristics of PIM users vs. non-PIM users visiting GOPCs in 2014

Variables PIM user
(n=232,445)

Non-PIM user
(n=256,856)

Total
(n=489,301) p-value

Gender <0.001

Male 101764(43.8%) 121378(47.3%) 223142(45.6%)

Female 130681(56.2%) 135478(52.7%) 266159(54.4%)
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Age 0.076

65~69 76252(32.8%) 83172(32.4%) 159424(32.6%)

70~74 46552(20.0%) 52131(20.3%) 98683(20.2%)

75~79 44862(19.3%) 49845(19.4%) 94707(19.4%)

80~84 35652(15.3%) 39080(15.2%) 74732(15.3%)

85+ 29127(12.5%) 32628(12.7%) 61755(12.6%)

No. of different drugs <0.001

0~3 7423(3.2%) 64980(25.3%) 72403(14.8%)

4~6 37099(16.0%) 81037(31.5%) 118136(24.1%)

7~9 51842(22.3%) 54895(21.4%) 106737(21.8%)

10~12 45314(19.5%) 26910(10.5%) 72224(14.8%)

>12 90767(39.0%) 29034(11.3%) 119801(24.5%)

No. of diagnoses <0.001

1 3720(1.6%) 4083(1.6%) 7803(1.6%)

2 32890(14.1%) 55051(21.4%) 87941(18.0%)

3 41064(17.7%) 61996(24.1%) 103060(21.1%)

4~6 109321(47.0%) 119750(46.6%) 229071(46.8%)

>6 45450(19.6%) 15976(6.2%) 61426(12.6%)

No. of concurrent PIMs <0.001

0 0(0.0%) 256856(100.0%) 256856(52.5%)

1 146240(62.9%) 0(0.0%) 146240(29.9%)

2 64025(27.5%) 0(0.0%) 64025(13.1%)

3 17377(7.5%) 0(0.0%) 17377(3.6%)

>3 4804(2.1%) 0(0.0%) 4804(1.0%)

No. of GOPC visits within the 
year <0.001

1 25403(10.9%) 42096(16.4%) 67499(13.8%)
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2~3 53661(23.1%) 74815(29.1%) 128476(26.3%)

4~5 87427(37.6%) 109259(42.5%) 196686(40.2%)

>5 65954(28.4%) 30686(11.9%) 96640(19.8%)

Any GOPC visit in the previous 
year <0.001

No 27648(11.9%) 42515(16.6%) 70163(14.3%)

Yes 204797(88.1%) 214341(83.4%) 419138(85.7%)

Any A&E visit in the previous 
year <0.001

No 156315(67.2%) 190216(74.1%) 346531(70.8%)

Yes 76130(32.8%) 66640(25.9%) 142770(29.2%)

Any hospital admission in the 
previous year <0.001

No 201521(86.7%) 231446(90.1%) 432967(88.5%)

Yes 30924(13.3%) 25410(9.9%) 56334(11.5%)

224

225 In this study, the 12-month period prevalence of PIM use decreased from 55.56% (95%CI=55.39–

226 55.72) in 2006 to 47.51% (95%CI=47.37–47.65) in 2014 (Fig 1). The prevalence of PIMs 

227 independent of diagnosis accounted for the majority of PIM use and exhibited a similar trend to 

228 the total prevalence: a decline from 55.05% (95%CI=54.89–55.22) in 2006 to 46.79% 

229 (95%CI=46.65–46.93) in 2014. The prevalence of PIMs due to drug-disease interactions increased 

230 slightly from 3.18% (95%CI=3.12–3.23) in 2006 to 4.69% (95%CI=4.63–4.75) in 2014.

231

232 Fig 1. 12-month prevalence of PIM use in Hong Kong older patients at GOPCs between 2006 

233 and 2014. BL= Beers List (PIMs independent of diagnoses); DDI= Drug-disease interactions 

234 (PIMs due to drug-disease interactions)

235

Page 14 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-051527 on 22 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

14

236 The full list of the prevalence of PIM use for individual PIMs and PIMs due to disease-drug 

237 interactions is shown in the supplementary file 2. Table 3 presents the PIMs that were prescribed 

238 in over 1% of the older adults visiting GOPCs in 2014. The most frequently prescribed PIMs 

239 independent of diagnoses were chlorpheniramine (35.40%), promethazine (8.73%), 

240 diphenhydramine (8.44%), and methyldopa (4.07%). The most common PIMs due to drug-disease 

241 interactions were medications exacerbating lower urinary tract symptoms or benign prostatic 

242 hyperplasia (3.66%), followed by medications worsening dementia or cognitive impairment 

243 (1.08%).

244 Table 3. The most frequently prescribed PIMs among older adults visiting GOPCs in 2014 

245 according to the 2015 AGS Beers criteria

PIMs independent of diagnoses

Medication class Medication Prevalence of PIM use

First-generation antihistamines Chlorpheniramine 35.40%
First-generation antihistamines Promethazine 8.73%
First-generation antihistamines Diphenhydramine 8.44%
Central alpha blockers Methyldopa 4.07%
First-generation antihistamines Dexchlorpheniramine 1.92%
Benzodiazepines Lorazepam 1.15%
NSAIDs Indomethacin 1.14%
Antidepressants Amitriptyline 1.07%
First-generation antihistamines Hydroxyzine 1.04%
PIMs due to disease-drug interactions

Disease/ Syndrome Medication class/Medication Prevalence of PIM use

Lower urinary tract symptoms, 
benign prostatic hyperplasia Anticholinergics 3.66%

Dementia or cognitive impairment
Anticholinergics, benzodiazepines, H2-
receptor antagonists (famotidine, 
ranitidine), zolpidem, antipsychotics

1.08%

246
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247 The relationships between patient characteristics and PIM use were identified in the multivariable 

248 logistic regression analysis (Table 4). The strongest factor associated with PIM use was number 

249 of different drugs prescribed (AOR=23.01, 95% CI=22.36–23.67 for >12 drugs vs. <3). Females 

250 were more likely to receive PIMs than males (AOR=0.89, 95% CI=0.85–0.87 for males vs. 

251 females). A greater number of GOPC visits within the year was also associated with a greater risk 

252 of PIM use (AOR=1.83, 95% CI=1.78–1.88 for >5 visits vs. 1). Patients with more than six 

253 diagnoses were associated with higher rates of PIM use (AOR=1.43, 95% CI=1.36–1.52). All the 

254 variables in the model have a value of VIF far below 5, which indicated no problem of collinearity. 

255 All the independent predictors were proved to be significantly important with a p value less than 

256 0.001 generated by the Wald test.

257

258 Table 4. Factors associated with PIM use in older adults visiting GOPCs in 2014

Odds Ratio [95% CI]
Variables

Crude Adjusted

Gender

Female 1.00 1.00

Male 0.87[0.86~0.88]*** 0.86[0.85~0.87]***

Age

65~69 1.00 -

70~74 0.97[0.96~0.99]**

75~79 0.98[0.97~1.00]*

80~84 1.00[0.98~1.01]

85+ 0.97[0.96~0.99]**

No. of unique drugs
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0~3 1.00 1.00

4~6 4.01[3.90~4.12]*** 3.96[3.86~4.07]***

7~9 8.27[8.05~8.49]*** 7.87[7.65~8.09]***

10~12 14.74[14.33~15.17]*** 13.18[12.80~13.57]***

>12 27.37[26.63~28.13]*** 23.01[22.36~23.67]***

No. of diagnoses

1 1.00 1.00

2 0.66[0.63~0.69]*** 1.13[1.08~1.20]***

3 0.73[0.69~0.76]*** 1.02[0.97~1.08]

4~6 1.00[0.96~1.05] 0.94[0.89~0.99]*

>6 3.12[2.97~3.28]*** 1.43[1.36~1.52]***

No. of GOPC visits within the year

1 1.00 1.00

2~3 1.19[1.17~1.21]*** 1.17[1.14~1.19]***

4~5 1.33[1.30~1.35]*** 1.16[1.14~1.19]***

>5 3.56[3.49~3.64]*** 1.83[1.78~1.88]***

Any GOPC visits in the previous year

No 1.00 -

Yes 1.47[1.45~1.49]***

Any A&E visits in the previous year 

No 1.00 -

Yes 1.39[1.37~1.41]***

Any hospital admission in the previous year

No 1.00 -

Yes 1.40[1.37~1.42]***

259 *p <0.05
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260 **p <0.01

261 ***p <0.001

262 - Not included in the multivariable model

263 Discussion

264 This study used the major subsets of the 2015 AGS Beers criteria to assess the burden of PIM use 

265 at GOPCs in older adults in Hong Kong between 2006 and 2014. The prevalence estimates of PIM 

266 use in the current study were generally higher than that previously reported in Hong Kong ranging 

267 from 30.3% to 38.6% [23,24]. A recent systematic review summarized 12 studies conducted in 

268 different countries across Europe, North America, South America, Asia, Africa, and Oceania that 

269 used the 2015 AGS Beers criteria to assess the percentage of PIM use among community patients 

270 aged 65 years or above [26]. The weighted average percentage of patients who were prescribed one 

271 or more PIM was 58% for 593,389 community patients [26], which was relatively higher than that 

272 reported in the current study. However, most of these studies included in the systematic review 

273 only employed a small sample size with lack of representativeness. More population-based studies 

274 are needed to assess the prevalence of PIM use in older adults using the 2015 AGS Beers criteria. 

275 The present study showed a decreasing trend of PIM use in Hong Kong, although a large number 

276 of older adults were still exposed to PIMs. The HA continuously widens the scope of the drug 

277 formulary to include more cost-effective drugs with proven clinical efficacy, which can partly 

278 explain the decreasing trend of PIM use in Hong Kong. Given the changing prescribing frequency 

279 and the release of new PIM assessing criteria, it is important to have access to updated figures 

280 regarding the prevalence of PIM use in older adults. The results indicate that PIM use is prevalent 

281 in community-dwelling older adults in Hong Kong and it is necessary to monitor medication use 

282 in these patients. The HA computer system should alert prescribers to the high risk of PIM use 
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283 among vulnerable patients. Since the HA drug formulary is updated quarterly every year, the 

284 mechanism of reviewing evidence on the selection of the HA drug formulary should take the 

285 frequently prescribed PIMs into account by excluding drugs with an unfavorable benefit/risk ratio 

286 to older patients and purchasing therapeutic alternatives. 

287

288 Several factors may account for the high prevalence of PIM use in older adults visiting GOPCs in 

289 Hong Kong. First, the prevalence of multimorbidity has been increasing and patients with chronic 

290 conditions often consult multiple doctors in public clinics, which can elevate the risk of PIM 

291 exposure [27]. Although the HA established a chronic disease management program at selected 

292 GOPCs to enhance drug use safety in 2009 [28], GOPCs do not conduct regular reviews of a 

293 patient’s medication list. Second, healthcare financing might contribute to PIM use. The Hong 

294 Kong health system is funded by taxation, and GOPC services, including drug expenses, are highly 

295 subsidized [29]. The copayment for GOPC services is 50HKD (7.5USD) per visit without any 

296 medication copayment [30], compared with an average of 200HKD at a private clinic [29]. 

297 Consequently, older adults are more willing to attend public clinics and frequent GOPC visits 

298 could increase the risk of PIM exposure. In addition, doctors are not required to have formal 

299 training in family medicine to practice at GOPCs in Hong Kong [31]. Under the circumstances, it 

300 is likely that some of the general practitioners at GOPCs may have insufficient knowledge in 

301 pharmacotherapy for older adults and lack awareness of the risks of PIM use. Furthermore, the 

302 prescribing rate of first-generation antihistamines is relatively high in Hong Kong older patients 

303 mainly because clinicians at GOPCS are inclined to prescribe first-generation antihistamines for 

304 patients to treat colds. Since the PIM statements with a therapy duration were not included in the 

305 current study, the consideration of short-term prescriptions only also contributed to the detection 
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306 of frequent use of first-generation antihistamines in older adults. Overall, prescribers in Hong 

307 Kong should be more careful on prescribing first-generation antihistamines for older patients since 

308 the risks may outweigh benefits. In contrast, the prescribing rates of benzodiazepines or other 

309 hypnotics were relatively low in Hong Kong compared with that reported in previous studies 

310 conducted in other countries [1]. This is probably because all the benzodiazepines and other 

311 hypnotics are classified as dangerous drugs under the Dangerous Drugs Ordinance in Hong Kong. 

312 Clinicians would be very careful when prescribing benzodiazepines or other hypnotics to older 

313 adults in Hong Kong. The prescription of benzodiazepines or other hypnotics may occur when 

314 there is no better alternative or the benefit outweighs its risk. 

315

316 Previous studies suggested that the prescribing of PIMs was associated with the female gender, 

317 advancing age, and larger number of drugs prescribed [32]. The results of the current study were 

318 consistent with previous studies in terms of greater risk of PIM use in females and patients who 

319 were prescribed more drugs. However, the variable age was not significantly associated with PIM 

320 use. Some recent studies have indicated that the risk of receiving PIMs decreases with age [12,33]. 

321 The inconsistent results may depend on the study sample, the PIM criteria applied, and the 

322 inclusion of diagnoses, making it difficult to make a proper comparison. More evidence is needed 

323 to identify the relationship between age and PIM exposure. In the multivariable regression analysis, 

324 the number of different drugs prescribed appeared to be the strongest predictor of PIM use. Patients 

325 with a larger number of GOPC visits and more than six diagnoses were more likely to be exposed 

326 to PIM prescription. Hence, interventions such as medication review, evidence-based drug therapy 

327 recommendation guidelines for prescribers, and patient education should be strengthened on these 

328 vulnerable older adults. 
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329

330 To date, this is the first territory-wide study assessing the prevalence of PIM use in older adults 

331 visiting GOPCs, which represented over 40% of the aging population in Hong Kong. Given the 

332 large sample size and use of the a relatively new version of the Beers criteria, the current results 

333 might be more precise than previous findings from Hong Kong. In addition, this study is one of 

334 the first attempts to identify the factors associated with PIM use in Hong Kong. Although the 

335 constant updating of the HA drug formulary has led to improvements in the quality of care, the 

336 present findings could help enhance prescribing quality by quantifying the burden of PIM use in 

337 Hong Kong at the population level and identifying vulnerable patients who need further 

338 interventions. However, this study also has some limitations. First, the prevalence of PIM use may 

339 have been underestimated because of unaddressed PIMs related to indication, dose, and therapy 

340 duration. Most of previous studies using administrative data sources have gaps in clinical 

341 information and drug exposure data [32]. However, by contrast to the studies using medical records 

342 or surveys, the large administrative databases could offer information with representativeness, 

343 which yields more accurate estimates and power to detect statistical significance. These 

344 contributions allowed the use of administrative databases as a valid approach to assess the quality 

345 of health care [34]. Second, the prevalence estimates of PIM use were only assessed in the context 

346 of the HA drug formulary. Patients may have other sources of PIMs such as private clinics or 

347 commercial pharmacies. Third, a new version of the Beers criteria was released in 2019 before the 

348 current study was conducted [16]. In the 2019 updated Beers criteria [16], several drug-disease 

349 interactions from the 2015 AGS Beers criteria have been removed for not particularly problematic 

350 to older adults, while some new PIM statements have been added to the updated criteria. These 

351 changes were not considered in the current study. Therefore, the prevalence rates of PIM use in 
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352 Hong Kong older patients need to be updated using the latest version of the Beers criteria in future 

353 studies. Furthermore, except for potentially inappropriate medications, inappropriate prescribing 

354 also includes potentially prescribing omissions (PPOs) [35], yet they are not evaluated in this study. 

355 Efforts should be made to narrow down this research gap in future studies. 

356

357 The Beers criteria can be a useful tool to measure prescribing quality at the macro level so as to 

358 initiate action to prevent adverse drug events [14]. However, it cannot replace prescribers’ clinical 

359 judgment because the benefits of PIMs may outweigh risks at the individual level. Several 

360 researchers have found it difficult to adapt the Beers criteria to local situations because of 

361 contextual differences in terms of approved drugs, clinical practice, and health system regulations 

362 [36,37]. Therefore, several country-specific explicit criteria have been developed to assess the local 

363 prescribing quality [36-39]. In 2019, a Hong Kong-specific PIM list was developed based on nine 

364 sets of published criteria and validated by a two-round modified Delphi process [40]. Future studies 

365 should focus on comparing the ability of this Hong Kong-specific PIM list in assessing PIM use 

366 with the Beers criteria in older adults in Hong Kong. 

367

368 Conclusions

369 In conclusion, the overall prevalence of PIM use in older adults visiting GOPCs in Hong Kong 

370 was high using the major subsets of the Beers criteria. Patients with female gender, a larger number 

371 of medications prescribed, more frequent visits to GOPCs, and more than six diagnoses were at 

372 higher risk for PIM use. Interventions should be strengthened on these vulnerable older adults, 

373 particularly in the context of older adults who are prescribed numerous medications.

374
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Supplementary file 1. Hong Kong-Beers adaptive potentially inappropriate 

medication list 

PIMs independent of diagnoses 

Organ system Medication class Medication 

Anticholinergics First-generation 

antihistamines 

chlorpheniramine, cyproheptadine,  

dexchlorpheniramine, dimenhydrinate 

hydroxyzine, promethazine, 

diphenhydramine 

Cardiovascular Central alpha blockers methyldopa 

Nifedipine nifedipine (immediate release) 

Central nervous 

system 

Antidepressants amitriptyline, clomipramine, imipramine 

nortriptyline, paroxetine, trimipramine 

Benzodiazepines (Short- 

and intermediate- acting) 

alprazolam, lorazepam, triazolam 

Benzodiazepines (Long- 

acting) 

chlordiazepoxide, clonazepam, diazepam 

Nonbenzodiazepine zolpidem 

Megestrol megestrol 

Pain medication NSAIDs indomethacin 

Ketorolac ketorolac, includes parenteral 

Skeletal muscle relaxants orphenadrine 

PIMs due to disease-drug interactions  

Disease or syndrome ICPC-2 code Medication 

Heart failure K77 NSAIDs and COX-2 inhibitors, 

thiazolidinediones (pioglitazone, 

rosiglitazone), cilostazol 

Syncope A06 AChEIs, peripheral alpha-1 blockers 

(doxazosin, prazosin, terazosin), tertiary 

TCAs, chlorpromazine, thioridazine, 

olanzapine 

Chronic seizures or 

epilepsy 

N07; N88 bupropion, chlorpromazine, clozapine, 

olanzapine, thioridazine, tramadol 

Delirium P71 anticholinergics, antipsychotics, 

benzodiazepines, chlorpromazine, 

corticosteroids, H2-receptor antagonists 

(famotidine, ranitidine), sedative hypnotics 

Dementia or cognitive 

impairment 

P70 anticholinergics, benzodiazepines, H2-

receptor antagonists (famotidine, 

ranitidine), zolpidem, antipsychotics 

History of falls or 

fractures 

L72~L76 anticonvulsants, antipsychotics, 

benzodiazepines, zolpidem, TCAs, SSRIs, 

opioids 

Insomnia P06 oral decongestants (pseudoephedrine, 
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phenylephrine), stimulants 

(methylphenidate), theobromines 

(theophylline, caffeine)  

Parkinson disease N87 antipsychotics (except aripiprazole, 

quetiapine, clozapine) antiemetics 

(metoclopramide, prochlorperazine, 

promethazine)  

History of gastric or 

duodenal ulcers  

D85; D86 Non-COX-2 selective NSAIDs 

Chronic kidney disease U99 NSAIDs 

Urinary incontinence 

all types  

U04 oestrogen, peripheral alpha-1 blockers 

(doxazosin, prazosin, terazosin)  

Lower urinary tract 

symptoms, benigh 

prostatic hyperplasia 

U02; U05; U07; U13; 

U29; Y06; Y85 

anticholinergics 

NSAIDs = nonsteroidal anti-inflammatory drugs; COX = cyclooxygenase; AChEIs = 

acetylcholinesterase inhibitors; TCAs = tricyclic antidepressants; SSRIs = selective 

serotonin reuptake inhibitors 
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Supplementary file 2. The prevalence of PIM use for individual PIMs and PIMs 

due to disease-drug interactions among older adults visiting GOPCs in 2014 
PIMs independent of diagnoses 

Medication class Medication Prevalence of PIM use 

First-generation antihistamines Chlorpheniramine 35.405% 

First-generation antihistamines Promethazine 8.726% 

First-generation antihistamines Diphenhydramine 8.440% 

Central alpha blockers Methyldopa 4.072% 

First-generation antihistamines Dexchlorpheniramine 1.924% 

Benzodiazepines Lorazepam 1.155% 

NSAIDs Indomethacin 1.142% 

Antidepressants Amitriptyline 1.073% 

First-generation antihistamines Hydroxyzine 1.042% 

Benzodiazepines Diazepam 0.756% 

Nonbenzodiazepine Zolpidem 0.681% 

First-generation antihistamines Dimenhydrinate 0.646% 

Benzodiazepines Clonazepam 0.510% 

Benzodiazepines Alprazolam 0.503% 

Antidepressants Paroxetine 0.159% 

Antidepressants Nortriptyline 0.091% 

Megestrol Megestrol 0.073% 

Antidepressants Imipramine 0.066% 

First-generation antihistamines Cyproheptadine 0.037% 

Antidepressants Trimipramine 0.029% 

Nifedipine Nifedipine (Immediate release) 0.023% 

Antidepressants Clomipramine 0.018% 

Benzodiazepines Chlordiazepoxide 0.013% 

Ketorolac Ketorolac 0.012% 
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Skeletal muscle relaxants Orphenadrine 0.004% 

Benzodiazepines Triazolam 0.004% 

PIMs due to disease-drug interactions 

Disease/ Syndrome Medication class/Medication Prevalence of PIM use 

Lower urinary tract symptoms, benign 
prostatic hyperplasia 

Anticholinergics 
3.657% 

Dementia or cognitive impairment 
Anticholinergics, benzodiazepines, H2-
receptor antagonists (famotidine, 
ranitidine), zolpidem, antipsychotics 

1.076% 

Chronic kidney disease NSAIDs 0.208% 
Heart failure NSAIDs and COX-2 inhibitors; 

thiazolidinediones (pioglitazone, 
rosiglitazone), cilostazol 

0.131% 

Parkinson disease antipsychotics (except aripiprazole, 
quetiapine, clozapine) antiemetics 
(metoclopramide, prochlorperazine, 
promethazine)  

0.106% 

History of falls or fractures anticonvulsants, antipsychotics, 
benzodiazepines, zolpidem, TCAs, 
SSRIs, opioids 

0.089% 

History of gastric or duodenal ulcers  Non-COX-2 selective NSAIDs 0.040% 
Chronic seizures or epilepsy bupropion, chlorpromazine, clozapine, 

olanzapine, thioridazine, tramadol 
0.022% 

Syncope AChEIs, peripheral alpha-1 blockers 
(doxazosin, prazosin, terazosin), 
tertiary TCAs, chlorpromazine, 
thioridazine, olanzapine 

0.019% 

Insomnia oral decongestants (pseudoephedrine, 
phenylephrine), stimulants 
(methylphenidate), theobromines 
(theophylline, caffeine)  

0.017% 

Urinary incontinence all types  oestrogen, peripheral alpha-1 blockers 
(doxazosin, prazosin, terazosin)  

0.004% 

Delirium anticholinergics, antipsychotics, 
benzodiazepines, chlorpromazine, 
corticosteroids, H2-receptor 
antagonists (famotidine, ranitidine), 
sedative hypnotics 

0.002% 
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Reporting checklist for cross sectional study.

Based on the STROBE cross sectional guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find 

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to 

include the missing information. If you are certain that an item does not apply, please write "n/a" and 

provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cross sectionalreporting guidelines, and cite 

them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening 

the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for 

reporting observational studies.

Reporting Item

Page 

Number

Title and abstract

Title #1a Indicate the study’s design with a commonly used term in the 

title or the abstract

#1

Abstract #1b Provide in the abstract an informative and balanced summary #2, #3
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of what was done and what was found

Introduction

Background / 

rationale

#2 Explain the scientific background and rationale for the 

investigation being reported

#5, #6

Objectives #3 State specific objectives, including any prespecified 

hypotheses

#5, #6

Methods

Study design #4 Present key elements of study design early in the paper #7

Setting #5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data collection

#7

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of 

selection of participants.

#7, #8

#7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable

#8, #9

Data sources / 

measurement

#8 For each variable of interest give sources of data and details of 

methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one 

group. Give information separately for exposed and unexposed 

groups if applicable.

#8

Bias #9 Describe any efforts to address potential sources of bias #9

Study size #10 Explain how the study size was arrived at #7
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Quantitative 

variables

#11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were chosen, 

and why

#8

Statistical 

methods

#12a Describe all statistical methods, including those used to control 

for confounding

#9, #10

Statistical 

methods

#12b Describe any methods used to examine subgroups and 

interactions

#11

Statistical 

methods

#12c Explain how missing data were addressed #7

Statistical 

methods

#12d If applicable, describe analytical methods taking account of 

sampling strategy

n/a

Statistical 

methods

#12e Describe any sensitivity analyses n/a

Results

Participants #13a Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and 

analysed. Give information separately for for exposed and 

unexposed groups if applicable.

#10

Participants #13b Give reasons for non-participation at each stage n/a

Participants #13c Consider use of a flow diagram #10

Descriptive data #14a Give characteristics of study participants (eg demographic, #10
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clinical, social) and information on exposures and potential 

confounders. Give information separately for exposed and 

unexposed groups if applicable.

Descriptive data #14b Indicate number of participants with missing data for each 

variable of interest

#7

Outcome data #15 Report numbers of outcome events or summary measures. 

Give information separately for exposed and unexposed 

groups if applicable.

#11, #12

Main results #16a Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and 

why they were included

#15, #16

Main results #16b Report category boundaries when continuous variables were 

categorized

#11, #12

Main results #16c If relevant, consider translating estimates of relative risk into 

absolute risk for a meaningful time period

n/a

Other analyses #17 Report other analyses done—e.g., analyses of subgroups and 

interactions, and sensitivity analyses

n/a

Discussion

Key results #18 Summarise key results with reference to study objectives #16, #18

Limitations #19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias.

#19
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Interpretation #20 Give a cautious overall interpretation considering objectives, 

limitations, multiplicity of analyses, results from similar studies, 

and other relevant evidence.

#17, #18

Generalisability #21 Discuss the generalisability (external validity) of the study 

results

#19

Other Information

Funding #22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on which 

the present article is based

#21

None The STROBE checklist is distributed under the terms of the Creative Commons Attribution 

License CC-BY. This checklist can be completed online using https://www.goodreports.org/, a tool 

made by the EQUATOR Network in collaboration with Penelope.ai
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