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Abstract

Objectives

To provide baseline information on inappropriate prescribing (IP), and to evaluate whether

potentially inappropriate medications (PIMs), as defined by STOPP (Screening Tool of

Older Persons’ potentially inappropriate Prescriptions) criteria, were associated with pre-

ventable adverse drug events (ADEs) and/or hospitalization.

Methods

We prospectively studied older patients (n = 301) admitted to three urban, public-funded

hospitals. We scrutinized their medical records and used STOPP-START (Screening Tool

to Alert Prescribers to Right Treatment) criteria to determine PIM and potential prescribing

omissions (PPO) respectively- together these constitute IP. Prescriptions with PIM(s) were

subjected to a pharmacist medication review, aimed at detecting cases of ADE(s). The vet-

ted cases were further assessed by an expert consensus panel to ascertain: i) causality

between the ADE and hospitalization, using, the World Health Organization Uppsala Moni-

toring Centre criteria, and, ii) whether the ADEs were avoidable (using Hallas criteria).

Finally, percentages of PIM-associated ADEs that were both preventable and linked to hos-

pitalization were calculated.

Results

IP prevalence was 58.5% (n = 176). A majority (49.5%, n = 150) had moderate to severe

degree of comorbidities (Charlson Comorbidity Index score� 3). Median age was 72 years.
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Median number of medications was 6 and 30.9% (n = 93) had�8 medications. PIM preva-

lence was 34.9% (117 PIMs, n = 105) and PPO 37.9% (191 PPOs, n = 114). Most PIMs and

PPOs involved overuse of aspirin and underuse of both antiplatelets and statins respec-

tively. With every increase in the number of medications prescribed, the likelihood of PIM

occurrence increased by 20%, i.e.1.2 fold (OR 1.20, 95% CI: 1.1–1.3). Among the 105

patients with PIMs, 33 ADEs (n = 33); 31 ADEs (n = 31) considered “causal” or “contributory”

to hospitalization; 27 ADEs (n = 27) deemed “avoidable” or “potentially avoidable”; and 25

PIM-associated ADEs, preventable, and that induced hospitalization (n = 25), were identi-

fied: these equated to prevalence of 31.4%, 29.5%, 25.7%, and 23.8% respectively. The

most common ADEs were masked hypoglycemia and gastrointestinal bleed. With every

additional PIM prescribed, the odds for ADE occurrence increased by 12 folds (OR 11.8,

95% CI 5.20–25.3).

Conclusion

The majority of the older patients who were admitted to secondary care for acute illnesses

were potentially exposed to IP. Approximately a quarter of the patients were prescribed with

PIMs, which were plausibly linked with preventable ADEs that directly caused or contributed

to hospitalization.

Introduction

Prescribing for older people is a complex process. Older patients are often excluded from pre-

marketing drug trials because of ethical considerations or age-related physiological changes

that affect pharmacokinetics and pharmacodynamics of drugs,. Therefore, recommended

doses for older patients are habitually drawn from extrapolated data of a young, healthy popu-

lation, which may be inappropriate. [1–2] In addition to appropriate dosing, prescribers have

an obligation to address the intricacies of prescribing for a group of patients with multiple

comorbidities requiring multiple medications. [3]

Historically, polypharmacy has been viewed negatively due to its association with drug-

drug and drug-disease interactions. Hoewever, there is increasing recognition that polyphar-

macy can, in fact, be appropriate, as evidence-based guidelines regularly advocate the use of

more than one drug in the management of certain chronic illnesses such as hypertension. [4]

On the contrary, under-prescribing can deny patients essential pharmacotherapy and this can,

in turn, pose risks to patients’ safety and well-being. [5]

Interestingly, while inappropriate prescribing (IP) is possible with polypharmacy, not every

individual with polypharmacy will have had an incidence of IP. IP occurs in any of the follow-

ing circumstances: prescribing of medications that pose more harm than benefit, particularly

when safer alternatives exist; prescribing of inappropriate dose or duration of drugs; presence

of clinically significant drug-drug and drug-disease interactions; under-prescribing of poten-

tially beneficial medications, and duplication of agents. [6–9]

Pharmacovigilance is crucial for detecting uncommon yet potentially hazardous adverse

drug events (ADEs). An ADE is defined as any untoward medical occurrence that may present

during treatment with medication but does not necessarily have a causal relationship with the

treatment. [10] One inherent challenge in pharmacovigilance is that many case reports con-

cern suspected ADE (specifically, adverse drug reactions), and these reactions are rarely
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specific for a single drug. In addition, a rechallenge is seldom ethically justified, and diagnostic

tests are usually unavailable. Furthermore, few adverse reactions are “certain” or “unlikely”;

many fall between these extremes (i.e. are possible or probable). In an attempt to resolve these

challenges, many structured systems have been developed for a synchronized assessment of

causality. [11] For example, the World Health Organization–Uppsala Monitoring Centre

(WHO-UMC) system for standardized case causality assessment [12] has a set of explicitly

defined causality categories. Its categories are “certain”, “probable”, “possible”, “unlikely”,

“conditional”, or “unassessable”. For causality to be categorized as “certain”, a gastrointestinal

bleeding episode, for example, must have a plausible time relationship with warfarin intake.

These causality assessments are usually carried out to highlight individual case reports, identify

areas of uncertainty and reduce disagreement between assessors. None of the available assess-

ments, however, have been demonstrated to yield a precise and reliable quantitative estimation

of relationship likelihood. [13]

ADEs that stem from a fault in prescribing due to an erroneous medical decision or because

of lack of knowledge or incomplete patient information or training can result in patient harm,

and are in fact avoidable or preventable. In ambulatory, care home, and critical care settings,

where the prevalence of chronic illnesses, dependency, and disabilities are high, exposure to

inappropriate medications correlated with an increasing number of ADEs: these patients had

higher incidences of adverse drug reactions, hospitalization rates, and mortality [13–15].

These, in turn, can have a significant impact on healthcare resources, public health, and costs

utilization [2,3,8,11].

Measures of IP can be classified as explicit (criterion-based) or implicit (judgment-based).

[16] Explicit criteria, for example, Beers criteria, Inappropriate prescribing for Elderly Tool

(IPET), and STOPP (Screening Tool of Older Persons’ potentially inappropriate Prescriptions)

and START (Screening Tools to Alert Prescribers to Right Treatment)—were developed with

the intention of providing tools for assessing the quality of prescribing in older people. [17]

They show lists of drugs that could pose a high risk of ADEs for the elderly and were developed

by consensus panels of healthcare professionals. They comprise sets of optimal prescribing

indicators designed as a universal minimum standard that could be applied to all patients and

can, therefore, be computerized and applied easily to a large database. [18] In contrast, implicit

measures—for instance, Medication Appropriateness Index—[19] are highly patient-specific

and therefore require not only access to a broad array of clinical data, but also the judgment of

trained clinicians.

Using principally the Beers and START-STOPP criteria to assess patients’ prescriptions, the

prevalence of potentially inappropriate medication (PIM) prescribed were reportedly 12% to

80% and were widespread among older adults living within the community, and at nursing

homes and health institutions [17, 20] Findings of a systematic review of PIM prevalence in

nursing homes revealed higher (49%, 95% CI 43–56) point prevalence estimates in European

countries than those reported in North America (27%, 95% CI 17–37) or in other countries

(30%, 95% CI 19–40). [21] Difference in prevalence rates were often attributed to the inclusion

of varying age groups, availability of drugs, distinct data collection methods, and diversity in

drug policy and drug marketing between countries. [22, 23]

Ultimately, improvements in prescribing and monitoring practices must translate into posi-

tive patient outcomes and reduce negative outcomes.[24] Although impacts of IP and ADEs

on outcomes, such as hospitalization have been independently established, research demon-

strating the causality and associations between the two is still in its infancy. [20, 25] Using a

sample of older people living in the region of South East Asia, our study aimed to determine

whether STOPP criteria PIMs were associated with ADEs, which resulted in hospitalization

and, which were preventable. The objectives were to evaluate: (i) prevalence of IP, PIMs,
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potential prescribing omissions, PPOs, and ADE; (ii) relationships between patients’ demo-

graphic and clinical variables with PIM, PPO and ADE; (iii) degree of causality between the

ADE and hospitalization; (iv) whether ADEs, which were causal and contributory to hospitali-

zation, were avoidable, and (iv) percentages of patients with PIMs who had ADEs that were

causal (and contributory) to hospitalization while also being avoidable.

The term ADE is frequently used interchangeably in literature with adverse drug reaction

and occasionally with medication-related injury. An adverse drug reaction is viewed as the

most common and observable or measurable part of ADE. The second type of ADE is an

adverse drug withdrawal event characterized as clinical symptoms, which are related to the dis-

continuation of a drug. Lastly, the third type is therapeutic failure whereby the goals of treat-

ment are not accomplished as a result of inadequate drug therapy. For consistency and to

allow comparison with previous studies [25], the term ADE will be used throughout this

article.

Methods

Study design and sampling

The study was prospective and conducted at three publicly-funded hospitals in cities within an

hour’s drive of Malaysia’s capital city of Kuala Lumpur. Hospitals 1 (H1) and 2 (H2) had 620

beds each, and hospital 3 (H3) had 960 beds. The three hospitals are governed by the Ministry

of Health and therefore, implementation of patient safety practices and prescribing policies

were similar in each case.

There was no similar data for secondary care available for comparison, and accordingly we

used PIM prevalence of 23.7% (i.e. expected prevalence or proportion, P = 0.237) which was

derived from a study of nursing homes. [26] By using a sample size calculation software devel-

oped by Naing et al [27], the minimum sample size required for the study was 278.

We prospectively studied 301 consecutive patients admitted with acute illnesses to the three

teaching hospitals (H1, n = 86; H2, n = 86; H3, n = 129) over a 7-month interval (June-Decem-

ber 2014). Patients were aged 65 years or older and were admitted via the Emergency Depart-

ment and under the care of the general medical or surgical services as required. They were

recruited based on the study’s inclusion (prescribed with at least 1 medication) and exclusion

criteria (patients who were in a coma, admitted for elective procedures, or who had missing

information in their medical records).

A research clinical pharmacist (M.T.A.) collected the data. In 90% of the cases, data were

collected within the first 24 hours of admission before patients were transferred to various

wards for admission. Details of patients’ demographic characteristics, current and previous

medical diagnoses, history of substance use, comorbidity burden (Charlson Comorbidity

Index score) [28], current regular prescription medicines, blood pressure values, hematological

and biochemical profiles, and history of drug allergy or intolerance were all recorded. Nonpre-

scription medication [over-the-counter (OTC) products and health supplements] intake was

also recorded for the sake of completeness. These medications were not accounted for in the

total number of medications taken, and were excluded from the analysis not having been con-

sidered an important cause of ADEs except in cases of overdose. However, they were addressed

with prescribers in instances where a pharmaceutical care issue arose. Pharmaceutical care

issues are problems in the pharmacotherapy of the individual patient that actually or poten-

tially interfere with desired health outcomes, which include adverse drug reactions, drug

choice problems, dosing problems, drug-use problem, and interactions.

Details of difficulties with activities of daily living (ADL) [29] were obtained from medical

records as well as from patient and caregiver interviews. Patients who required assistance with
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performing day-to-day activities such as bathing, movement, dressing, going to the toilet, and

feeding were categorized as “dependent”; patients who were able to perform two or more of

these activities were categorized as “semi-dependent”, and patients who could perform all of

the activities without limitations were categorized as “independent”. Information on ADL sta-

tuses was required for the application of one START criterion related to the cardiovascular

system.

Ethical approval was obtained from the National Medical Research Registry (NMRR), Insti-

tute for Health Behavioral Research (IHBR) and Medical Research Ethics Committee (MREC)

of the Ministry of Health [NMRR-13-1249-16821(IIR)]. Waiver of consent to review medical

records was granted. Patients were anonymized and all identifiable personal information was

removed.

Measures

Phase 1: Screening with STOPP and START criteria. The 2008 STOPP- START criteria

from Ireland [30] were utilized in this study to detect IP. STOPP consists of 65 indicators for

potentially inappropriate medications (PIM), which commonly cause drug-drug and disease

interactions, unnecessary therapeutic duplication, and which increased risks of cognitive

decline and falls in older people. START consists of 22 indicators for medications that should

be considered for a list of conditions provided no contraindication to prescription exists (pre-

scribing omission). The criteria are arranged according to the physiological group e.g. cardio-

vascular, respiratory, etc and have demonstrated good validity, interrater-reliability, and

applicability in the UK and Europe [31]. The updated version of the criteria—STOPP-START

version 2 [32]—was not made available when the research group made submissions for ethical

approval, and thus we continued to utilize the older version.

Detection of PIM and PPO was based on patients’ medications at the point of hospital

admission, prior to any modifications made by the admission team. STOPP-START criteria

were applied to the combined patient clinical profile and juxtaposed medication list, and

instances of PIM and PPO were recorded. The application of STOPP-START criteria was per-

formed by a research clinical pharmacist (M.T.A). For a pilot sample of 20, an academic phar-

macist (M.L.F) also performed the assessment and counterchecked the data. Both have

expertise in geriatric pharmacotherapy and medication safety. Any differences were subse-

quently resolved through discussion. A previous study, in its inter-rater reliability analysis,

using the κ statistic, found strong agreement between clinical and academic pharmacists when

using STOPP [0.89 (CI 0.69-1.0)] and START criteria [0.91 (0.75-1.0)]. [33]

Phase 2: Medication review and assessment using World Health Organization–Uppsala

Monitoring Centre (WHO- UMC) criteria. For the patients with at least one PIM in their

prescriptions, the research clinical pharmacist scrutinized their medical records and per-

formed a medication review. The review was aimed at identifying ADEs, which were ADRs or

medication-related injuries (e.g. hypotension in a patient taking diuretics). We had not aimed

to identify ADE related to underuse (therapeutic failure) or withdrawal of drugs, although

information on these, if any existed, was recorded and relayed to the physician-in-charge of

each patient. Admissions for intentional self-harm and drug abuse were also excluded. Medi-

cation reconciliation was done on-opportunities basis. The ADEs included in the analysis

were those which occurred before hospital management began, i.e. ADEs pertaining only to

preadmission prescription medications were identified and not those occurring during the

hospitalization. Nevertheless, any ADE identified (including drug omission in pre- and post-

admission) during the scrutiny of medical records would have been raised with physicians in-

charge for intervention.

Inappropriate prescribing and its association with adverse drug events
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Following the medication review, the research clinical pharmacist handed the vetted cases

of ADEs to a panel of 5 experts in geriatric pharmacotherapy (2 geriatricians [N.A.M and I.I.

A] and 3 clinical pharmacists [P.C.W, T. S.S, and P.J]) affiliated with the Ministry of Health.

The panel utilized the WHO-UMC set of criteria to assess the causality for adverse reactions

(broadly ADEs) raised during the pharmacist medication review. If the main diagnosis respon-

sible for the admission was potentially related to the ADEs, then the admission to inpatient

wards was accounted for as ADE-related, as proposed and validated by Stausberg et al. [34] To

ensure a temporal relationship between the ADE and corresponding medication, the medica-

tion was postulated to be have been started within 30 days prior to the admission. The 30-day

observation period was selected as adverse reactions often manifest shortly after the adminis-

tration of drugs. [35]

In this assessment, the panelists individually analyzed all ADEs. They were not made aware

of any PIMs, which were detected during Phase 1. This method relies on “expert judgment” as

opposed to the use of algorithms or probabilistic methods. The WHO-UMC criteria broadly

state that all points should be reasonably complied with: chronological relationship between

administration of the drug and the occurrence of the reaction or event, differential screening

for other drugs or diseases, confirmation of reaction by in vivo or in vitro tests, response to

withdrawal (if applicable), rechallenge (if necessary, taking into account ethical consider-

ations), and known information on similar events. Indeed, the application of the criteria

involved a combined assessment, in view of the clinical-pharmacological aspects of the case

history and the quality of documentation of the observation [36]. A consensus agreement of at

least 3 of the 5 expert panel was required to determine if the ADE caused or contributed to the

hospitalization.

Phase 3: Assessment using hallas criteria. Following the application of WHO-UMC cri-

teria, cases of ADEs that were “causal” (principal cause of hospitalization) or “contributory”

(clinically significant contributory factor to the hospital admission), i.e. those that fulfilled cri-

terion “certain”, “probable” or “possible” were further analyzed by the same expert panel to

evaluate whether each ADR (broadly ADE) was “definitely avoidable”, “possibly avoidable” or

“not avoidable” [37].

The process was comprehensive and required the same expert panel to convene to discuss

each case in detail. References such as the British National Formulary (BNF) and reputable

pharmacology texts were utilized. [38, 39] ADEs that were “definitely” or “possibly” avoidable

contributed to the analysis. Generally, these were ADEs, which involved organ dysfunction,

homeostatic dysregulation, age-related changes in pharmacokinetics and pharmacodynamics,

and known drug–drug interactions that predictably and adversely influenced an individual’s

drug handling and response mechanisms.

Data analysis

All statistical analyses were performed using SPSS version 21. We first described the distribu-

tion of demographic characteristics. Continuous variables were expressed as the mean ± stan-

dard deviation (SD). Categorical variables were expressed as the proportion in percentage (%).

An independent t-test was used to examine the continuous variables, while contingency tables

were used to evaluate the categorical variables. Frequencies of patients in who PIM, PPO, and

ADE were detected were calculated. Analyses were two-sided and the statistical significance

level was set at α = 0.05 with a 95% confidence interval; a p-value�0.05 was considered as sta-

tistically significant. We then employed univariate and multivariate logistic regressions to esti-

mate the odds ratio (OR) of potential risk factors of PIM, PPO, and ADE. Binary logistic

regression analysis using the backward stepwise likelihood-ratio method was conducted. Age,
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sex, gender, ADL statuses, history of hospitalization, smoking statuses and alcohol intake,

number of medications, number of comorbidities, CCI scores, and other variables with a p-

value less than 0.10 in the univariate models were fitted into multivariate models, and a final

model was selected by removing all insignificant variables. All crude and adjusted ORs were

expressed. Correlation and Hosmer-Lemeshow Goodness-of-Fit Tests were done to select the

best prediction model.

Results

Association between inappropriate prescribing, demographic predictors

and hospitalization

The research clinical pharmacist required an average of 45–50 minutes per patient to evaluate

medical records, in addition to examining patients’ admission and reconciliation notes. Data

were prospectively collected for a total of 301 consecutive older patients, of which the majority

were males, n = 165 (54.8%). The median age was 72 years (range, 65–84; interquartile range

[IQR], 67–77 years). Nearly half of the patients (49.5%) had a Charlson Comorbidity Index

score of 3 or higher, i.e. moderate to severe illnesses with a 1-year mortality rate of 52%

(Table 1). A total of 1876 medications were prescribed for the 301 patients (median = 6 medi-

cations per patient) [range, 1–27; IQR, 5–10 medications per patient]. Twenty percent (20%)

of patients were prescribed with 2–3 medications, 25% with 4–5, 25% with 6–7 medications

and 31% with 8 and more medications (Table 1). Based on the BNF’s system of classification,

cardiovascular drugs were the most commonly prescribed drugs (1090) followed by the endo-

crine group (277), nutrition and blood groups of drugs (141) and respiratory drugs (103).

Patients were admitted to the medical, surgical and orthopedic wards.

The research clinical pharmacist required an average of 15–17 minutes per patient to sys-

tematically apply the STOPP-START criteria. The prevalence of overall IP was 58.5%

(n = 176), i.e. those with at least one STOPP’s PIM or at least one START’s PPO. One hundred

and seventeen instances (117) of PIM according to STOPP criteria were identified (Table 2).

These were distributed amongst 34.9% (n = 105) of the study sample with a majority of them

(n = 92) having 1 STOPP’s PIM each. One hundred and ninety-one instances (191) of PPO

according to START criteria were identified (Table 2). These were distributed amongst 37.9%

(n = 114) patients with a majority of them (n = 55) having 1 PPO.

When adjusted for gender, age, ADL, CCI, number of comorbidities, smoking statuses and

alcohol intake, there is a 20% increase in the likelihood of receiving a PIM with higher num-

bers of medications prescribed—i.e the odds of receiving a PIM is 1.2 fold greater (OR 1.20,

95% CI: 1.10–1.32, p = 0.035). Similar regression analysis for PPO found no association

between the likelihood of a PPO occurrence and demographic variables although a CCI score

of 3–4, i.e. moderate degree of comorbid illness (p = 0.004), history of smoking (p = 0.006) and

alcohol intake (p = 0.045) were associated with having a PPO in unadjusted models.

There was a statistically significant association (p = 0.0001) between having a STOPP’s PIM

prescribed and having at least one ADE, which caused or contributed to hospitalization

(Table 1). Details outlined in the subsections below.

Nature of inappropriate prescribing

Table 2 depicts the most commonly prescribed PIMs according to STOPP criteria. The most

frequently occurring criterion was ‘Aspirin with no history of coronary, cerebral or peripheral

vascular symptoms or occlusive arterial event’ with 24 instances (18.6% of total PIM). This

was followed by ‘Beta-blockers in those with diabetes mellitus and frequent hypoglycemic
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Table 1. Association between demographic variables and i) PIM, ii) PPO and iii) ADE.

Demographic variables Subjects (n = 301)

At least 1 PIM At least 1 PPO At least 1 STOPP’s PIM

Frequency a P-value Frequency a P- value Frequency a P- value

Age

65–69 35 0.393 45 0.539 7 0.323

70–74 33 25 11

75–79 21 28 8

� 80 16 16 5

Sex

Male 61 0.403 56 0.121 19 0.444

Female 44 58 12

History of Hospitalization

No 12 0.937 14 0.783 5 b0.381

Yes 93 100 26

Substance use

Non-Smoker 83 0.937 100 �0.006 24 0.895

Smoker 5 1 1

Ex-smoker 17 13 6

Non-alcohol user 100 0.454 113 �0.045 30 b1.000

Alcohol user 5 1 1

ADL

Independent

79 0.132 84 0.597 27

Independent 79 0.132 84 0.597 27 b 0.293

Semi-Dependent 9 13 2

Dependent 17 17 2

Place of stay

Home (community dwellers) 101 0.730 110 0.888 30 b1.000

Institution 4 4 1

Number of

comorbidities

2–3 52 0.596 53 0.113 1 b0.919

4–5 34 41 16

� 6 15 19 10

Number of

medications

2–3 12 �0.004 18 0.579 5 0.56

4–5 20 31 6

6–7 32 30 7

� 8 41 35 13

Charlson Comorbidity Index

1–2 51 0.324 46 �0.0004 17 b0.971

3–4 39 57 11

5–6 13 9 3

� 7 2 2 0

At least 1 ADE causal or contributory to hospitalization

Without 8 �0.0001

With 25

a Chi-square test for goodness of fit
b Fisher’s Test

�statistically significant at p�0.05

PIM: potentially inappropriate medications

https://doi.org/10.1371/journal.pone.0219898.t001
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episodes—i.e. 1 episode per month’ where there were 17 instances (13.1% of total PIM); and

‘Glibenclamide or chlorpropamide with type 2 diabetes mellitus criteria’ with16 instances

(12.4% of total PIM).

Table 3 demonstrates the most common PPOs according to the START criteria. The most

frequently occurring criterion was ‘Antiplatelet therapy in diabetes mellitus if one or more co-

existing major cardiovascular risk factor present’ with 61 instances (30.8% of total PPO). This

was followed by ‘Statin therapy in diabetes mellitus if one or more co-existing major cardiovas-

cular risk factor present’, where there were 44 instances (22.2% of total PPO); and ‘Metformin

with type 2 diabetes with or without metabolic syndrome’, with 40 instances (20.2% of total

PPO).

Adverse drug events

A total of 33 ADEs were identified by the research clinical pharmacist in n = 33 out of the 105

patients (31.4%) screened—i.e. one ADE per patient, as is shown in Table 4. The panel of experts

agreed that 31 of ADEs (n = 31, 29.5%) were to be considered causal or contributory to the hos-

pitalization—i.e. in which most of the causal relations were noted as “probable” and “possible”.

The remaining 2 ADEs were deemed “unlikely” to have caused or contributed to hospitalization

after laboratory findings revealed acute exacerbation of existing conditions. Of the 31 ADEs con-

sidered causal or contributory to hospitalization, 27 were deemed avoidable or potentially avoid-

able (n = 27, 25.7%). When judged clinically, the 4 ADEs categorized as “unavoidable”, were

Table 2. Number of potentially inappropriate medications identified.

STOPP Criteria Instances

Aspirin with no history of coronary, cerebral or peripheral vascular symptoms or occlusive arterial event 24

Beta-blockers in those with diabetes mellitus and frequent hypoglycemic episodes i.e. 1 episode per

month

17

Glibenclamide or chlorpropamide with type 2 diabetes mellitus 16

Aspirin with a past history of peptic ulcer disease without histamine H2 receptor antagonist or proton

pump inhibitor

10

PPI for peptic ulcer disease at full therapeutic dosage for > 8 weeks 9

Loop diuretic for dependent ankle edema only ie no clinical signs of heart failure 6

Thiazide diuretic with a history of gout and aspirin, clopidogrel, dipyridamole or warfarin with a

concurrent bleeding disorder

6

Calcium channel blockers with chronic constipation 6

Aspirin, clopidogrel, dipyridamole or warfarin with a concurrent bleeding disorder 6

Benzodiazepines 3

Any duplicate drug class prescription e.g. two concurrent opiates, NSAIDs, SSRIs, loop diuretics, ACE

inhibitors

3

Loop diuretic as first-line monotherapy for hypertension 2

TCA with an opiate or calcium channel blocker 2

Long-term use of NSAID (>3 months) for relief of mild joint pain in osteoarthritis 2

Alpha-blockers in males with frequent incontinence i.e. one or more episodes of incontinence daily 2

Use of diltiazem or verapamil with NYHA Class III or IV heart failure 1

Prolonged use (>1 week) of first-generation antihistamines 1

First generation antihistamines in patients with falls 1

TOTAL instances of PIM (Number of patients with PIM) 117 (105)

PIM: potentially inappropriate medications; PPI: proton pump inhibitors; NSAID: nonsteroidal anti- inflammatory;

kPa: kilopascal; COPD: chronic obstructive pulmonary disease; ACE: angiotensin converting enzyme; ARB:

angiotensin receptor blockers; FEV: forced expiratory volume

https://doi.org/10.1371/journal.pone.0219898.t002
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deemed to be so because the benefits of the “inappropriate” drugs outweighed the risks posed—

i.e. in those cases, experts considered the medications to be more beneficial than harmful. Of the

remaining 27, 25 were ADE associated with STOPP’s PIMs (n = 25, 23.8%).

Association between IP and ADE

PIM demonstrated significant correlations of medium, positive strength with ADE (Rho =

0.479; p = 0.05). After adjusting for age, sex, comorbidity, activities of daily living, and number

of medications, the odds of an ADE occurring, increased by 12 folds with the prescription of

each PIM listed in the STOPP criteria (OR 11.8, 95% CI: 5.20–25.3, p = 0.018).

Discussion

Applicability of STOPP-START criteria

Our study was adequately powered with a 5% degree of precision to estimate the prevalence of

PIM among older patients who presented with acute illnesses for admission to secondary care.

We conclude from this that the overall IP prevalence of 58.5% was in agreement with pub-

lished literature; previous studies using STOPP-START criteria demonstrated a prevalence of

approximately 20% for general practice, 35% for hospital admissions, and about 80% in the

case of nursing homes. [17,20, 40]

When performing the medication review, our research clinical pharmacist spent 45–50

minutes per patient (typically having had 6 medications [range 1–27]). In another study, a

Table 3. Number of potential prescribing omissions identified.

START Criteria Instances

Antiplatelet therapy in diabetes mellitus if one or more co-existing major cardiovascular risk factor

present

61

Statin therapy in diabetes mellitus if one or more co-existing major cardiovascular risk factor present 44

Metformin with type 2 diabetes with or without metabolic syndrome 40

Statin therapy with a documented history of coronary, cerebral or peripheral vascular disease, where the

patient’s functional status remains independent for activities of daily living and life expectancy > 5 years

7

Aspirin or clopidogrel with a documented history of atherosclerotic coronary, cerebral or peripheral

vascular disease in patients with sinus rhythm

6

Angiotensin converting enzyme (ACE) inhibitor with chronic heart failure 6

ACE inhibitor following acute myocardial infarction 6

Home continuous oxygen with documented chronic type 1 respiratory failure (pO2 < 8 kPa,

pCO2 < 6.5 kPa) or type 2 respiratory failure (pCO2> 6.5 kPa)

6

Regular inhaled beta 2 agonist or anticholinergic agent for mild to moderate asthma or COPD 4

Calcium & vitamin D supplement in patients with known osteoporosis (radiological evidence or

previous fragility fracture or acquired dorsal kyphosis)

3

ACE inhibitor or ARB in diabetes with nephropathy i.e. overt urinalysis proteinuria or

microalbuminuria (> 30mg/ 24 hours) ± serum biochemical renal impairment

3

Regular inhaled corticosteroid for moderate-severe asthma or COPD where predicted FEV1<50% 2

Aspirin in the presence of chronic arterial fibrillation, where warfarin is contra-indicated, but not

aspirin

2

Biphosphonates in patients taking maintenance oral corticosteroid therapy 1

TOTAL instances of PPO (Number of patients with PPO) 191 (114)

pO2: partial pressure of oxygen; pCO2: partial pressure of carbon dioxide; kPa: kilopascal; COPD: chronic

obstructive pulmonary disease; ACE: angiotensin converting enzyme; ARB: angiotensin receptor blockers; FEV:

forced expiratory volume

https://doi.org/10.1371/journal.pone.0219898.t003
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clinical pharmacist spent an average of 52 minutes on each patient’s records [41], while in a

long-term care facility in Australia, a pharmacist required 3 hours. [42] In contrast, when

using the STOPP-START tool, and taking into account that 31% of our patients had a high

number of medications—i.e. 8 or more—the research clinical pharmacist reported that the

application of the tool was fairly simple and time-effective (15–17 minutes per patient), and

viewed it as a sustainable alternative as compared with the traditional medication review.

The 2008 STOPP criteria demonstrated good applicability and transferability to Asia. It has

been used in this region in various settings: for example, in China’s largest nursing home [43],

in nursing homes in Malaysia [26], and in hospitals in Taiwan [44] and India [45]. Using the

STOPP- START tool, our study’s overall IP prevalence (at least one STOPP’s PIM or at least

one START’s PPO) was reported as 58.5%, and with the specific prevalence of STOPP’s PIM

recorded at 34.9%. Gallagher et al (2008) [40] demonstrated a very similar finding of 35% PIM

prevalence and when the study was conducted among older patients admitted to 6 European

hospitals, revealing a PIM prevalence of 51.3% was revealed [46]. The research team in Ireland

in their article Hamilton et al (2011) [47] reported a STOPP PIM prevalence of 56.2%. The set-

tings of these studies were comparable to those outlined in the current study—i.e. consecutive

acute admissions to hospitals. In Taiwan, prescriptions of patients newly discharged were scru-

tinized and 36.2% of the study subjects presented with at least one PIM (in these patients, med-

ications prescribed in the wards were accounted for). [44]

Using the START criteria, one or more appropriate medications were omitted in 34.9% of

the patients—a lower prevalence than that found by Barry (2007), who demonstrated that in

the cases of more than half (57.9%) of acutely-ill, newly hospitalized elderly patients, at least

one appropriate medication was omitted from their list of regular prescription medications.

Table 4. Adverse drug events classified as “causal” or “contributory” to hospitalization, “possibly” or “definitely avoidable” and attributed to STOPP-listed PIMs.

Description of

ADE

i) Number of ADEs that were causal

or contributory to hospitalization, n

[number of ADE identified but

unlikely to have caused or

contributed to hospitalization]

ii) Number of ADEs that were causal or

contributory to hospitalization and were

deemed definitely or possibly avoidable, n

[number of ADE which caused or contributed

to hospitalization but were unavoidable]

iii) Number of ADEs that were causal or contributory to

hospitalization and that were deemed definitely or

possibly avoidable and attributed to STOPP- listed PIM,

n

[number of ADE which caused or contributed to

hospitalization and were avoidable but not attributed to

STOPP-listed PIM]

Masked

hypoglycemic

symptoms

6 5 [1] 5

Upper GI

bleeding

5 4 [1] 4

Falls 5 5 5

Episodes of

hypoglycemia

4 4 4

Constipation 3 3 3

Urinary

Incontinence

2 [1] 2 2

Exacerbation of

gout

1 1 1

Cough 2 2 0 [2]

Hyponatremia 2 1 [1] 1

Acute kidney

injury

1 [1] 0 [1] 0

Total 31 [2] 27 [4] 25 [2]

ADE: adverse drug event; PIM: potentially inappropriate medications; GI: gastrointestinal; NSAID: non-steroidal anti-inflammatory drug

https://doi.org/10.1371/journal.pone.0219898.t004
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[48] The authors reasoned that in 67% of their sample population who belonged to the older

age group of 75 and above, physicians focused on palliation and therefore could have omitted

drugs deemed unnecessary. Similarly, in the European hospitals’ study, the omission rate was

59.4% and the authors attributed the increasing degree of co-morbidity (CCI� 2) and more

advanced age-range of�85 years as predictors. In Taiwan, prescriptions of patients discharged

were scrutinized and 41.9% of the study subjects presented with at least one PPO (medications

prescribed in the wards were included). [44] All the afore-mentioned studies varied in their

design and population sampled e.g. community-dwelling, hospital, geriatric clinic, and long-

term care patients. Nevertheless, the current study, together with those from other Asian coun-

tries, namely Taiwan [49], Thailand [50] and South Korea [51], concur with global practice

and policy of avoiding the prescription of drugs when there is a lack of clear-cut evidence of

therapeutic effectiveness in the older, aged population.

Clinical relevance of inappropriate prescribing screening tools

There is potential for explicit criteria to be used as screening tools for not only IP but also as a

method for identifying potential ADEs in older people. When compared with a similar tool,

such as the Beers criteria, the STOPP criteria identified a higher quantity of medications associ-

ated with adverse drug events than the 2002 version of the Beers criteria [20], suggesting greater

relevance as a clinical tool. [47] A newer study found that along with more instances of inappro-

priate prescribing, STOPP-START version 2 also targeted significantly more PIMs and PPOs

associated with preventable admissions. [52] Similar comparison studies between the newer ver-

sions of Beers 2018 and STOPP-START version 2 are yet to be published as of March 2019.

Based on the current study, the STOPP-START criteria acted as a trigger tool for identify-

ing IP and establishing a correlation to adverse health outcomes. In particular, when our

STOPP-START audit prompted for caution with beta-blockers and antiplatelet use, this corre-

sponded accurately with ADEs yielded—i.e. masked tachycardia in insulin-induced hypogly-

cemia as well as NSAID-induced gastrointestinal bleeding were identified. Extrapolating from

our results, STOPP identified patients with a history of falls receiving potentially inappropriate

psychoactive or vasodilator medications. In addition, in patients presenting with an isolated

fall, STOPP identified several inappropriate prescriptions—e.g. long-acting benzodiazepines,

first-generation antihistamines and inappropriately prescribed opiates. In parallel, the team of

geriatricians and clinical pharmacists determined the causality and avoidability of many of the

corresponding ADEs. Eventually, a high percentage of such ADEs were revealed as preventable

and attributable to the drugs flagged as high-risk by STOPP-START which tends further to

substantiate the clinical relevance of the criteria [53]. As for the WHO-UMC and Hallas crite-

ria, the panel noted they entailed a short but significant learning curve, which may have led to

higher application times until competence with them developed. The strategy adopted in our

study was reliable in identifying potential ADEs, which often presented with non-specific

symptoms such as confusion, falls with a resultant injury or constipation. Although falls are

clearly multifactorial in nature, reviewing the medications of older adults is an essential com-

ponent of comprehensive falls assessment. [54]

In our study, the two most evident omissions in patients’ prescriptions were: i) antiplatelet
therapy and ii) statin therapy, for diabetes mellitus if one or more co-existing major cardiovascu-
lar risk factor(s) present. This was echoed in the research from Taiwan [44], where statin ther-

apy followed by antiplatelet therapy for diabetes were most common. In Ireland [9], omissions

of statin therapy in diabetes mellitus and in symptomatic cardiovascular disease were common

occurrences. Hamilton (2011) echoed with similar findings where these were also the most

common omissions. In their identical study, Barry et al (2007) [48] demonstrated that the top
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3 PPOs were statins in symptomatic cardiovascular disease, warfarin in chronic atrial fibrilla-

tion and ACE inhibitor in chronic heart failure. In Belgium for instance, where a similar study

was conducted, PIM involved overuse and/or misuse of benzodiazepines, aspirin, and opiates

while omissions were mainly related to underuse of calcium and vitamin D supplementation,

aspirin and statins. [15] The authors attributed hospitalization to PIMs in 27.1% of the patients

(vs 29.5% in the current study).

Evidently, the nature of IP and ADE in our study denoted the common comorbidity burden

faced in Asia–a region in which type 2 diabetes mellitus is highly prevalent in this region (Asia

Pacific vs Europe). [55] As to the possibility that this pattern of antiplatelet and statin under-

prescribing is due to the ageism phenomenon continues to remain unexplored. In STOPP-

START Version 2 however, indicators for statin therapy and aspirin for primary prevention of

cardiovascular diseases in diabetes mellitus (as they had been outlined in version 1) were

removed because of weak or equivocal supporting evidence. [32]

At this juncture, we must reiterate that ADEs identified were ascribed to harm that occurred

during normal care and usual doses prescribed for patients. Needless to say, prescribing guide-

lines and indicators for the “oldest” and “older” aged population is very much desirable.

Predictor factors for IP and ADE

The median age of patients sampled in our study was 72 years (maximum age 84). The median

ages of the population sampled in similar studies–i.e. at Taiwan’s veterans’ hospital [44] and at

Ireland’s teaching hospitals [47] were 79 years and 77 years respectively.

Other baseline characteristics of the patients in our study were similar to that of Hamilton’s

(2011). In both of the studies, there were equal proportions of males and females. While in the

present study, 31% of the patients consumed� 8 medications, 20% of those in Hamilton’s

consumed� 10 medications. In addition, 45% of the patients in this study consumed� 5

medications daily while the corresponding figure in Hamilton’s was 34%. A greater proportion

of patients in this study had severe illnesses (CCI� 3) than those in Hamilton’s. The median

number of medications per patient was 6 in both studies. A median of 7 medications per

patient was typically evident in other studies; likewise, a high percentage of patients were pre-

scribed with 8 and more daily medications [20, 56].

The likelihood of a PIM being prescribed increased with the prescription of greater num-

bers of medications. Polypharmacy and its close linkage with inappropriate prescribing have

long been established. [57,58] This association can be explained by the presence of multi-mor-

bidities in older adults, thereby necessitating multi medications. With additional comorbidi-

ties, additional exposure to a greater number of medications, as well as to new prescribers and

specialists arise. With a greater number of medications, there are predisposing risks for errors

or inappropriateness in prescribing in addition to duplication of medications and the prescrib-

ing of unnecessary medications. These in turn increase the chances for drug-drug interactions

and adverse drug reactions to occur. Unrecognized adverse drug reactions can be treated as

new disorders, being prescribed with further additional medications, a situation that leads to a

phenomenon known as “prescribing cascade”. The explanation is supported clinically, where a

study of older people revealed that having 5 drugs and greater, was a predictor factor for being

prescribed with a PIM [44]. In a recent consensus initiative, developing guidelines and stan-

dard operating procedures for high-risk patients, medications, and contexts were concluded as

top prioritization research areas. [59]

On the contrary, we noted that predictor factors such as higher CCI (lower expected sur-

vival time) were associated with increased probability of an omission occurring- possibly

attributable to physicians focusing on palliation and improving the quality of life of patients.
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In our study, apart from having a CCI score of 3 and above, having a history of smoking and

alcohol intake were associated with omission occurrence. One probable explanation could be

that these individual factors–e.g. decreased renal function, and past exposure to substances

such as alcohol and tobacco—collectively form a risk stratification and guiding decision to

avoid prescribing, and hence exposure to drugs. Somewhat counter-intuitively, findings of one

study suggested that patients taking more than five medications (43%) were more prone to

underprescribing than those who were taking four medications or fewer (13.5%). [60] How-

ever, Steinman and colleagues argued that although underuse was common, the total number

of medications did not affect it. [61]

Strengths and limitations

The number of preventable ADEs (27 of 31) identified in 25.7% of patients screened and the

number of ADEs attributed to clinically relevant PIM i.e. 25 of 27 (23.8% of patients screened

could potentially indicate that the ADEs may have resulted from suboptimal care (i.e. an erro-

neous prescribing decision) as opposed to those that arose from appropriate care (non-pre-

ventable ADE). Nevertheless, one must be mindful that only a pool of prescriptions already

comprising of PIMs was screened for ADE. The selection of cases with predefined outcomes of

PIM and hospitalization was a limitation. However, given the prospective nature of the multi-

center study, a timely medication review was crucial as intervention and assessment were to be

done while patients were still hospitalized. In addition, further adjudication by the panel to

determine temporal causality (Hallas criteria requires physician to intervene–e.g. to withhold a

drug) was necessary. In addition, although hospital admission was accounted for as ADE-

related if the main diagnosis responsible for the admission was potentially related to ADEs,

under real-time conditions, detection of ADEs in older patients with multi-morbidities and

taking several drugs is complicated.

Many studies to date have been retrospective, and have been conducted in the community

or long term care-based institutions. The effects on patient-centered outcomes were less well-

defined. Several systematic reviews have concluded that there was only weak evidence of an

association between PIMs and adverse patient outcomes, and they have emphasized that fur-

ther research is needed. [62] In our prospective study, we demonstrated a causative relation-

ship between the process measure of prescribing and patient harm. Additionally, many studies

had focused on inappropriate medication alone when determining IP. In contrast, our study

adds to literature the rate of omission of appropriate, evidence-based medications.

Although a non-probability method is prone to sampling bias, enrollment of consecutive

admissions to hospitals has the advantage of revealing a true unselected sampling or cross-sec-

tion of the type of patients admitted, the nature and extent of their illnesses, the treatments

applied as well as the progress observed. Moreover, as our study was prospective in nature, it

began, and its ethical review took place, before the clinical outcomes of interest had occurred,

and before any data were recorded. While no causality assessment method is universally

accepted, expert judgment is the most widely used to evaluate the relationship between drug

treatment and the occurrence of an adverse event.

Our sample may not be representative of the diverse elderly population living in the coun-

try. Nevertheless, the characteristics of our sample did not defer significantly from the 2017

health facts published by the nation’s Ministry of Health Informatics Centre, in which diseases

of the respiratory and circulatory systems were attributed to the top 5 principal causes of hos-

pital admissions.

Albeit only using one rater in our study, having two or more researchers apply the criteria

on the same patients’ medical lists can increase internal consistency (homogeneity) in the
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outcome of the evaluation. In addition, while an updated, more extensive and relevant version

has since been published, we used the original version of STOPP-START and this may have

impacted the applicability of the research findings on current practice.

The application of the STOPP-START criteria requires clinical information such as diagno-

ses and laboratory parameters, and consequently our research was dependent on the accuracy

of the medication reconciliation process across healthcare transitions made prior to admission.

Indeed, systematically applying an extensive set of criteria was time-consuming. While ideally,

the records and databases were enriched with clinically validated data, in reality, the healthcare

system may not have facilitated accurate and timely medication reconciliation during care

transitions, which made it challenging for the research clinical pharmacist to perform a reliable

medication review and to apply the criteria effectively.

Our study focused only on inappropriate prescribing prior to hospital admissions. The

practice of prescribing in primary care is mostly repeated prescribing of medications for

chronic diseases that are often prescribed for patients initially in secondary care. This posed an

additional challenge for the researcher in terms of complete medication reconciliation, partic-

ularly when multiple healthcare providers (at times from multiple institutions) attended the

patients. Further investigations are required to give insights into the underlying reasons and

justifications, if any, for prescribing or omitting medications listed in STOPP-START by the

general practitioners or specialists who attended the patients.

Implications to practice and future directions for research

Future work should explore the effect of interventions targeting IP on the detrimental conse-

quences of IP on clinical, humanistic and economic outcomes. Exploration of factors underly-

ing IP should undertake quantitative as well as qualitative methods, using more in-depth

observational and longitudinal research methods.

Nationwide studies in both primary and secondary care settings, might include matched

larger samples of older patients and assess whether adverse drug events were more likely in

community dwellers or hospitalized older patients. Ideally, all patients sampled would be

assessed for adverse events as opposed to only those whose prescriptions had been flagged as

inappropriate. In order to underscore the credibility and clinical relevance of the START--

STOPP tool at the individual patient level, each PIM identified should be reiterated by an

expert’s input. For example, if the expected benefit of a particular medication was judged to

outweigh the potential harm, such as an antipsychotic drug in a patient with schizophrenia,

the PIM would be assessed by an expert as not clinically relevant, as in our study, which

showed 4 instances in which ADE was contributed by “inappropriate” medications. This was

according to the experts who designed STOPP-START, who had assessed the inappropriate

medications as high-risk at the general population level. Yet, at an individualized patient level,

such medications were of relevance, credible, and acceptable.

In Europe, for instance, clinically relevant PIM can be utilized for quality improvement ini-

tiatives and as indicators for training modules of critical and primary care trainees. There is a

need to train current and future physicians to firstly recognize and then take remedial actions

when faced with a prescribing cascade phenomenon as opposed to accurately diagnosing an

exacerbation of a medical condition. Recommendations to reduce prescription errors and pre-

scribing faults—i.e. wrong clinical decisions—include education and training of prescribers

and the use of electronic aids such as computerized physician order entry with computerized

clinical decision support systems to minimize such errors. [63] To evaluate such implementa-

tions, feedback control mechanisms need to be in place. This highlights the need for periodical

audit and medication review incorporating situational analysis in which the pharmacist
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gathers, analyzes and interprets information about patient’s clinical conditions and pharmaco-

therapy, aiming to evaluate his or her drug-related needs. There is however a need for an inter-

national agreement on the medication review process. [42],

Equally, a reliable method of assessing the relationship between the administration of a

drug and an adverse clinical event is warranted. Trigger tools such as the Drug-related admis-

sion Adjudication (DRA) guide to screen for drug-related hospital admissions in older persons

that considers multiple co-morbidities and multiple medications in older people are urgently

warranted. [64] It remains to be seen whether the widespread utilization of these tools reduces

the incidence of ADEs and the associated morbidity and mortality. Moreover, to remain up-

to-date clinically, the use of prescribing appropriateness tools or criteria must effectively trans-

late into the optimization of prescribing practices—for example, consider changing evidence

base, factoring pharmacovigilance of newly licensed, and cater for the ever-growing body of

literature and allowing extension of criteria and eliciting reduction in rates of ADEs. Ulti-

mately, an extrinsic method of assessment with good predictive validity, sensitivity and speci-

ficity would be desirable, allowing for extensive application in all settings pertinent to older

people.

Conclusion

The study provided baseline information on inappropriate prescribing and deduced plausible

links between potentially inappropriate medications with both hospitalization and preventable

adverse drug events. In sustaining primary and secondary disease prevention, it is crucial for

physicians, pharmacists and healthcare professionals alike to adopt a multidisciplinary

approach to ensure that older patients are prescribed and ultimately receive, appropriate and

indicated medications. Failure to do so, as demonstrated in this study, could impact clinical

outcomes, thus underscoring the importance of addressing these intricacies and delivering

multifaceted patient-centered services to a vulnerable population.
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