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ABSTRACT  26 

Background: Older persons are at significant risk of drug-related admissions (DRA). We 27 

previously demonstrated that 27% of hospitalizations in geriatric patients were associated with 28 

potentially inappropriate medicines (PIMs) and/or potential prescribing omissions (PPOs)  29 

identified by the Screening Tool of Older People’s Prescriptions/Screening Tool to Alert to 30 

Right Treatment (STOPP/START) criteria version 1  (v1). The updated STOPP/START criteria 31 

version 2 (v2) comprised a 31% increase in prescribing criteria. 32 

Objectives: As a secondary analysis of our study conducted in 2008, we aimed to compare the 33 

prevalence and types of DRA identified by STOPP/START.v1 and STOPP/START.v2.  34 

Methods: We applied the STOPP/START.v2 criteria to a subset of 100 consecutively admitted 35 

geriatric patients selected from our original cross-sectional study of 302 patients. A geriatrician 36 

and a pharmacist adjudicated whether the identified PIMs and PPOs were related to acute 37 

hospitalization. Admissions were defined as DRA if the identified PIM(s) and/or PPO(s) were 38 

related to the main cause of admission or played a significant contributory role in the 39 

admission. 40 

Results: The median patient age was 83 years and the median number of medications at home 41 

was 8. Compared to STOPP/START.v1, STOPP/START.v2 not only yielded more instances of 42 

inappropriate prescribing but also targeted significantly more PIMs and PPOs associated with 43 

preventable DRA (23% versus 40% of all admissions, P<0.001). PIMs of fall-risk-increasing 44 

drugs and PPOs of musculoskeletal and cardiovascular system drugs were most frequently 45 

associated with DRA.  46 

Conclusion: The latter instances of inappropriate prescribing with major clinical relevance 47 

warrant particular attention during medication review in older persons.  48 
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KEY POINTS  54 

 More drug-related admissions (DRA) in geriatric patients were associated with potentially 55 

inappropriate medicines (PIMs) and/or potential prescribing omissions (PPOs) identified by 56 

STOPP/START.v2 compared to STOPP/START.v1 (40% versus 23% of all admissions), a 57 

significant difference. 58 

 Admissions for falls and fractures associated with PIMs of fall-risk-increasing drugs and/or 59 

PPOs of musculoskeletal system drugs were the most common type of DRA.  60 

 STOPP/START.v2 PIMs and PPOs warrant specific attention during medication review in older 61 

persons as they are frequently associated with preventable DRA. 62 
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1. INTRODUCTION 83 

Hospitalizations resulting from adverse drug events, so-called drug related hospital admissions 84 

(DRA), represent a growing patient safety threat in the older population and are associated 85 

with adverse clinical and economic outcomes [1-6]. Up to 75% of DRA are potentially 86 

preventable [1, 7, 8]. Several studies, including a study conducted by our research group and 87 

published in this journal, demonstrated an association between preventable hospitalizations 88 

and inappropriate prescribing [9-12]. Inappropriate prescribing encompasses the prescription 89 

of more drugs than are clinically needed (overprescribing), the incorrect prescription of drugs 90 

that are needed (misprescribing) and the failure to prescribe drugs that are needed 91 

(underprescribing) [13].  92 

In 2008, the first version of the STOPP (Screening Tool of Older People’s Prescriptions) and 93 

START (Screening Tool to Alert to Right Treatment) criteria were developed as an explicit tool 94 

to detect potentially inappropriate medicines (PIMs; over- and misprescribing) and potential 95 

prescribing omissions (PPOs; underprescribing) [14]. To incorporate the most recent evidence, 96 

the STOPP/START criteria version 1 (v1) have been updated in 2014 [15]. The updated STOPP 97 

criteria version 2 (v2) include the addition of general implicit criteria targeting prescriptions 98 

with an inappropriate indication or inappropriate duration of therapy, a list of drugs to monitor 99 

in renal insufficiency and vaccines. The main changes in prescribing recommendations occurred 100 

for antiplatelet agents, anticoagulants, cardiovascular system, central nervous system and 101 

musculoskeletal system drugs, among others. Several criteria from STOPP/START.v1 have been 102 

removed in STOPP/START.v2 because of weak or equivocal supporting evidence, including the 103 

START.v1 criteria regarding antiplatelet and statin therapy for primary prevention in diabetes 104 

mellitus. Changes in recommendations between STOPP/START.v1 and STOPP/START.v2 are 105 

provided in the electronic supplementary material S1. The STOPP/START criteria v2 resulted in 106 

80 STOPP and 34 START criteria compared to 65 STOPP and 22 START criteria in version 1, a 107 

31% increase in prescribing criteria [15].  108 

Not surprisingly, research comparing the two versions of the STOPP/START criteria found 109 

increased prevalence rates of inappropriate prescribing events with the updated criteria [16, 110 

17]. Yet no studies have evaluated the potential clinical impact of the STOPP/START.v2 criteria 111 

compared to the STOPP/START.v1 criteria in terms of their association with DRA. As a secondary 112 

analysis of our study conducted in 2008, we aimed to compare the prevalence and types of 113 
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DRA identified by STOPP/START.v2 and STOPP/START.v1 in a sub-sample of patients selected 114 

from our original study. 115 

2. METHODS 116 

For this comparative analysis, the last one hundred consecutively admitted geriatric patients 117 

were selected from the original dataset of 302 patients [9]. For pragmatic reasons only a sub-118 

sample of 100 patients was selected and no a priori sample size calculation was performed. 119 

The patients were aged 75 years or older, at risk of functional decline (as defined by an 120 

Identification of Seniors at Risk (ISAR) score of ≥ 2/6 [18]), and were acutely admitted to non-121 

geriatric units of a teaching hospital in Brussels, Belgium. In the original study, the patients 122 

were included by the inpatient geriatric consultation team, a multi-disciplinary team that aims 123 

to improve care for older patients admitted to non-geriatric units according to the principles 124 

of comprehensive geriatric assessment [19]. The patients’ datasets were compiled based on 125 

chart review and patient and/or carer interviews and included demographic, clinical and 126 

medication data, prospectively collected by the inpatient geriatric consultation team in 2008. 127 

Medication data included prescription and over-the-counter medicines taken daily or ‘as 128 

needed’ just before hospitalization.  129 

A geriatrician with expertise in geriatric pharmacotherapy and a last-year medical student (BB 130 

& LEM) reviewed the 100 patient datasets to identify PIMs and PPOs using STOPP/START.v2. 131 

Next, a geriatrician and a pharmacist (BB & ST) with experience in geriatric pharmacotherapy 132 

and DRA adjudication independently assessed whether these PIMs and PPOs were related to 133 

hospitalization and thus a potential DRA. In case of disagreement, a clinical pharmacist with 134 

expertise in geriatric pharmacotherapy and DRA adjudication (OD), was involved to establish 135 

consensus.  For assessing the link between inappropriate prescribing and hospitalization, the 136 

adjudicators reviewed the datasets including demographic data, the patient’s comorbidities, 137 

the patient’s home medications, the main admission diagnoses as documented in the 138 

discharge letter and the identified PIMs and PPOs present upon admission. In line with the 139 

method used in the original study based on STOPP/START.v1 and the Hallas definition (Table 140 

1), admissions were defined as  preventable DRA if the identified PIM(s) and/or PPO(s) were 141 

related to the main cause of admission (e.g. hospitalization for gastro-intestinal bleeding and 142 

PIMs of antithrombotic agents and/or PPOs of proton pump inhibitors) or played a significant 143 
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contributory role in the admission (e.g. hospitalization for severe diarrhoea with dehydration 144 

and PIMs of diuretics; the diuretics might have worsened dehydration) [9, 20]. 145 

Inappropriate prescribing events and DRA related to STOPP/START.v1 for the 100 patients were 146 

extracted from our original study for comparison. Descriptive statistics were used to present 147 

the data. The McNemar test was performed in the R software package to compare prevalence 148 

rates of DRA between STOPP/START.v2 and v1. The ratio v2/v1 for DRA detected by 149 

STOPP/START.v2 and v1 was calculated. For patients who presented with ≥ 1 PIM and/or PPO, 150 

the positive predictive value of the STOPP/START.v2 and v1 criteria for having a related DRA was 151 

calculated. Inter-rater reliability for DRA identification between the geriatrician and the 152 

pharmacist was determined for the 100 cases by calculating percentage agreement and 153 

agreement corrected for chance (Cohen’s kappa).  154 

Ethics approval 155 

The ethics committee from the Cliniques universitaires Saint-Luc (Brussels, Belgium) provided 156 

approval for anonymous use of the medical record database (reference number 157 

B403201111806).    158 

3. RESULTS 159 

The patient characteristics are presented in Table 2. The median age was 83 years and 62% of 160 

patients were female. The 100 patients were prescribed a total of 789 daily medications at 161 

home with a median number of 8 medications.  162 

As shown in Table 3, applying STOPP/START.v2 compared to v1 resulted in a more than three-163 

fold increase in PIMs and a nearly two-fold increase in PPOs. STOPP.v2 mainly targeted PIMs of 164 

medications prescribed without an indication and compared to STOPP.v1 pointed at more PIMs 165 

of benzodiazepines and Z-drugs. START.v2 targeted more PPOs of calcium, vitamin D, 166 

bisphosphonates, ACE-inhibitors and β-blockers, whereas START.v1 targeted more PPOs of 167 

antiplatelet agents and statins including for primary cardiovascular prevention in diabetic 168 

patients (17%) (Table 3).  169 

Overall, inappropriate prescribing events (PIMs and/or PPOs) detected by STOPP/START.v2 170 

compared to STOPP/START.v1 were related to hospitalization in respectively 40% and 23% of 171 

patients. In other words preventable DRA were listed 1.7 times more often in STOPP/START.v2 172 

compared to STOPP/START.v1, a significant difference (P<0.001). For patients who presented 173 
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with ≥ 1 PIM and/or PPO, the positive predictive value of STOPP/START.v2 for a having a related 174 

DRA was 0.41 compared to 0.31 for STOPP/START.v1 (Table 4). Ninety-one percent of DRA 175 

related to STOPP/START.v1 PIMs or PPOs, were adjudicated as being the main cause of 176 

admission, compared 85% of DRA related to STOPP/START.v2. Likewise, respectively 9% and 177 

15% of DRA related to STOPP/START.v1 and STOPP/START.v2 were adjudicated as playing a 178 

significant contributory role in the admission. There was substantial agreement between the 179 

geriatrician and the pharmacist for DRA identification; 90% agreement,  = 0.79 (95% 180 

confidence interval; 0.66-0.91), P<0.001 [21].    181 

Table 4 summarizes the principal reasons for admission and the related PIMs and PPOs. Both 182 

STOPP/START.v1 and v2 targeted mostly hospitalizations for PIMs of fall-risk-increasing drugs, 183 

PPOs of musculoskeletal system drugs and PPOs of cardiovascular system drugs. However the 184 

total number of DRA targeted by the updated criteria has nearly doubled. PIM- and/or PPO-185 

related hospitalizations for falls and fractures were the most common DRA, accounting for 45% 186 

of DRA according to STOPP/START.v2. PPO-related hospitalizations for cardiovascular 187 

problems (ischaemic heart disease, heart failure, atrial fibrillation) accounted for 33% of DRA 188 

according to STOPP/START.v2. Unlike STOPP/START.v1, STOPP/START.v2 also targeted PIM-189 

related admissions for medications prescribed without an evidence-based indication 190 

documented in the medical chart, accounting for 7.5% of DRA. For instance one patient was 191 

admitted for acute kidney failure and drug rash with eosinophilia and systemic symptoms 192 

(DRESS syndrome) and was prescribed allopurinol without evidence of an indication of clinical 193 

gout. Other examples of PIM-related admissions for medications prescribed without an 194 

indication  included admissions for bleeding events with inappropriate prescriptions of NSAIDs, 195 

SSRI’s and antiplatelet agents.  196 

4. DISCUSSION 197 

We demonstrated that compared to STOPP/START.v1, STOPP/START.v2 not only yields more 198 

instances of inappropriate prescribing but also targets significantly more PIMs and PPOs 199 

associated with preventable DRA (23% versus 40% of admissions; P<0.001). These instances of 200 

inappropriate prescribing with major clinical relevance warrant particular attention during 201 

medication review in older persons. In particular PIMs of fall-risk-increasing drugs and PPOs of 202 

musculoskeletal system drugs (vitamin D, calcium, bisphosphonates) were most frequently 203 

associated with DRA.  204 



8 
“This is a post-peer-review, pre-copyedit version of an article published in Drugs and Aging. The final authenticated 

version is available online at: https://doi.org/10.1007/s40266-018-00635-8”. 

To our knowledge, this is the first study to compare the association between acute 205 

hospitalizations and PIMs and PPOs identified by the STOPP/START criteria v1 and v2 in geriatric 206 

patients. Previous research investigating the association between hospitalizations and 207 

inappropriate prescribing according STOPP.v1 and/or START.v1 has reported DRA prevalence 208 

rates varying from 11% to 27% of admissions, which is in line with our DRA prevalence rate of 209 

23% based on STOPP/START.v1 [9-12]. Using the STOPP/START.v2 criteria in the same 100 210 

patients, we found a high DRA prevalence rate of 40%, suggesting that the updated 211 

STOPP/START.v2 criteria have a significantly better potential for targeting PIMs and PPOs 212 

associated with preventable medication-related harm.  213 

For the sake of comparison we applied the STOPP/START.v2 criteria developed in 2014 to 214 

prescribing data from 2008. Therefore one might argue that our PIM prevalence of 87% might 215 

be an overestimation, yet it is still in line with the PIM prevalence range of 42-89% reported by 216 

previous studies that have applied the STOPP.v2 criteria in the inpatient setting [22]. Few studies 217 

have reported PPO prevalence rates using START.v2 criteria. Our PPO prevalence of 79% is 218 

higher than the 69% and 67% prevalence rates reported by Counter and Wauters and 219 

colleagues, conducted respectively in the inpatient setting and community setting [22, 23]. 220 

However these studies did not include the complete set of START criteria in their analysis. 221 

This study had a number of limitations. Firstly, the mono-centric study design limits the broader 222 

international relevance of our findings. Moreover our sample size was small and cases were 223 

not selected at random, only the last 100 consecutive patients were included. However the aim 224 

of this secondary analysis was to compare the prevalence and types of DRA identified by 225 

STOPP/START.v1 and STOPP/START.v2. The cross-sectional study design is well-suited to 226 

estimate prevalence rates and can give an indication of the association between inappropriate 227 

prescribing and DRA, yet it does not allow for definite conclusions regarding the causal 228 

relationship. Whether medication review using the STOPP/START.v2 criteria is effective in 229 

reducing DRA in multi-morbid older persons is currently being investigated in a large-scale 230 

multi-centre randomized controlled trial called OPERAM (http://operam-2020.eu).    231 

We did not consider patient preferences, life expectancy, exposure length and time until benefit 232 

of medications, which are also essential elements for assessment of appropriateness of 233 

prescribing, yet these are often undocumented in medical charts [13, 24, 25]. Hindsight bias is 234 

another limitation of retrospective chart review; knowing the outcome and its severity may 235 

http://operam-2020.eu/
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influence the adjudication of causation [26]. Finally, DRA adjudication was based on clinical 236 

judgment. We did not use a standardized DRA adjudication approach with causality assessment 237 

to be in line with the method used in our original study for the sake of comparison [27]. 238 

Nevertheless adjudication was performed by a duo of a geriatrician and a pharmacist, which is 239 

a recommended approach for evaluation of adverse drug events and there was substantial 240 

agreement for DRA identification between both reviewers [28, 29].  241 

5. CONCLUSION 242 

Compared to STOPP/START.v1, STOPP/START.v2 not only yields more instances of 243 

inappropriate prescribing but also targets significantly more PIMs and PPOs associated with 244 

preventable drug-related admissions. These instances of inappropriate prescribing with major 245 

clinical relevance warrant particular attention during medication review in older persons. The 246 

results of this small cross-sectional study do not allow for definite conclusions regarding the 247 

causal relationship between hospital admissions and inappropriate prescribing events, in 248 

particular for potential prescribing omissions, and will need to be investigated further with 249 

prospective studies. 250 

 251 
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TABLES 261 

 262 

Table 1: Adjudication of drug-related admissions (DRA) based on the Hallas definition[20] 263 

DRA – Main reason for admission 

The inappropriate prescribing event was related to the primary 

cause of admission and no other diseases or symptoms contributed 

significantly to the admission. 

DRA – Contributory reason for 

admission 

The inappropriate prescribing event played a substantial role in 

admission but other factors also contributed significantly.  

No DRA 

The inappropriate prescribing event played a minor or uncertain role 

and the patient would have been admitted without occurrence of 

the inappropriate prescribing event. Other symptoms or 

circumstances were the reason for admission.  

 264 

 265 

Table 2: Patient characteristics (n = 100) 266 

Variable  Value 

Age (years; median [P25-P75]) 83 [79–86] 

Female (n) 62 

Living alone (n) 56 

No. of medications per patient (median [P25-P75]) 8 [6–9] 

ISAR score (median [P25-P75])  3 [3–4] 

Geriatric syndromes (n) 

Previous falls  

Dependency in ADL (Katz score ≥ 9/24)  

Malnutrition  

Cognitive disorder  

 

52 

31 

22 

16 

Most frequent morbidities (n) 

Hypertension 

Atherosclerosis 

Renal failure (GFR <50 ml/min) 

Atrial fibrillation 

Diabetes type 2 

Osteoporosis 

Depression 

 

74 

55 

43 

35 

26 

20 

22 

Main cause of hospitalization (n) 

Cardiovascular problems 

Fall-related problems 

Gastro-intestinal problems 

Miscellaneous 

 

57 

27  

9 

7  

         Abbreviations: ADL, Activities of Daily Living; GFR, Glomerular Filtration Rate  267 

 268 
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Table 3: Most frequent PIMs and PPOs detected using the 280 
 STOPP/START criteria version 1 (v1) and version 2 (v2) (n=100) 281 

 
STOPP v1 STOPP v2 START v1 START v2 

Total n of PIMs or PPOs 57 206 101 193 

Median [P25-P75]) n of PIMs/PPOs per patient  0 [0-1] 2 [1–3] 1 [0–2] 2 [1-3] 

N of patients with ≥ 1 PIM or PPO 39 87 57 79 

Prevalence most frequent PIMs & PPOs (n)  

Drugs without an indication 

Drugs beyond the recommended duration 

Duplicate drug class prescriptions 

 

- 

- 

6 

 

94 

10 

6 

 

- 

- 

- 

 

- 

- 

- 

Central nervous system 

Benzodiazepines  

Z-drugs 

 

19 

- 

 

41 

10 

 

- 

- 

 

- 

- 

Musculoskeletal system 

Calcium and/or  vitamin D 

Bisphosphonates 

 

- 

- 

 

- 

- 

 

14 

10 

 

62 

23 

Cardiovascular system 

ACE-inhibitors 

β-blockers 

Antiplatelet agents   

Statins 

 

- 

10 

8 

- 

 

- 

2 

3 

- 

 

9 

1 

20 

26 

 

14 

18 

6 

17 

         Abbreviations: PIM, Potentially Inappropriate Medicine; PPO, Potential Prescribing Omission;  282 
         START, Screening Tool to Alert to Right Treatment; STOPP, Screening Tool of Older People’s Prescriptions 283 

 284 
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Table 4: Prevalence of DRA related to STOPP/START criteria v1 and v2 (n =100) 299 

 
STOPP/ 

START.v1 

STOPP/ 

START.v2 

Ratio v2/v1 

Patients with ≥1 PIM and/or PPO (n) 75 97 1.29 

Total DRA (PIM- and/or PPO-related) (n) 23a 40a,b 1.74a 

Positive predictive valuec  

(95% confidence interval) 

0.31  

(0.21-0.42) 

0.41 

(0.31-0.52) 

 

Patients with ≥1 PIM (n) 39 87 2.23 

PIM-related DRA (n) 11 23b 2.09b 

Reason for admission PIMs identified    

Fall and/or fracture  

 

Benzodiazepines, Z-drugs, 

neuroleptics, anticholinergics 

including tricyclic antidepressants 

7 14 

 

Acute kidney failure Diuretics, xanthine oxidase inhibitors 0 2  

Bleeding  NSAIDs, SSRIs, antithrombotic agents 1 3  

Heart failure 

exacerbation 

NSAIDs 
1 1 

 

Ischaemic heart disease, 

peak hypertension 

NSAIDs 
0 1 

 

Complete heart block β-blockers (and hypoglycaemia) 1 0  

Syncope associated with 

Lewy body dementia 

Neuroleptics  
1 1 

 

Syncope associated with 

swallowing disorder  

Z-drugs, neuroleptics 
0 1 

 

Patients with ≥1 PPO (n) 57 79 1.39 

PPO-related DRA (n) 12 22b 1.83b 

Reason for admission PPOs identified    

Fall with fracture Vitamin D; calcium, bisphosphonates 4 8  

Ischaemic heart disease ACE-Inhibitors, β-blockers, 

antithrombotic agents, statins 
5 7 

 

Heart failure ACE-inhibitors 3 5  

Atrial fibrillation β-blocker 0 1  

COPD exacerbation Bronchodilators 0 1  

Abbreviations: DRA, Drug-Related Admission; NSAIDs, Non-Steroidal Anti-Inflammatory Drugs; PIM,  300 
Potentially Inappropriate Medicine; PPO, Potential Prescribing Omission; SSRI, Selective Serotonin Reuptake Inhibitor;  301 
START, Screening Tool to Alert to Right Treatment; STOPP, Screening Tool of Older People’s Prescriptions 302 
aSignificant difference (McNemar test, P<0.001) 303 
bAs patients could have several inappropriate prescribing events (PIMs/PPOs) related to the admission, the  304 
numbers may not add up to the stated totals. For 5/40 DRA related to STOPP/START.v2 there were both PIMs  305 
and PPOs involved. Therefore the reported v2/v1 ratio’s for PIM-related admissions (2.09) and PPO-related admissions  306 
(1.83) are higher than the overall v2/v1 ratio (1.74) for DRA related to PIMs and/or PPOs. The latter ratio represents  307 
the main study outcome.  308 
c Positive Predictive Value: the number of patients with a DRA related to a PIM and/or PPO divided by the number of 309 
patients who had ≥ 1 PIM and/or PPO according to STOPP/START.v1 or v2 in  our sample. 310 

 311 
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