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Abstract Background There is a relative paucity of

information to characterise potential changes in medication

regimen complexity and prevalence of prescribing of

potentially inappropriate medications after hospitalisation,

both in Australia and elsewhere. Objective To evaluate

medication regimen complexity and the prevalence of

potentially inappropriate medications before and after

admission to hospital. Setting General medical units of a

tertiary care hospital in Australia. Methods Retrospective

cohort study of patients aged 65 years and above. Medi-

cation complexity was measured by using the Medication

Regimen Complexity Index (MRCI). Main outcome mea-

sure The primary outcome was the change in the Medi-

cation Regimen Complexity Index for all prescribed

medications after hospitalization. Results A convenience

sample of 100 patients was included in the study. There

was a significant change in the mean medication com-

plexity score (as measured using the MRCI), increasing

from 29 at the time of admission to 32 at the time of

discharge (p\ 0.05). Factors such as baseline medication

regimen complexity (pre-admission MRCI) and length of

stay in the hospitals appear to influence the change in

medication complexity. However, the proportion of

patients prescribed at least one potentially inappropriate

medicine (PIM) decreased significantly, from 52% pre-

hospitalization to 42% at discharge (p = 0.04). Conclu-

sions Relative to the time of admission, overall medication

complexity increased and the proportion of patients who

were prescribed PIMs decreased after hospitalisation.

Keywords Australia � Beers criteria � Medication regimen

complexity index � Potentially inappropriate medication

Impact on practice

• Pre-admission screening with the medication regimen

complexity index (MRCI), documentation of changes

in MRCI, and the presence of potentially inappropriate

medicines can help identify patients requiring higher

pharmaceutical care input.

• Pharmacists should take a more proactive roles in

monitoring the use of medications with high risk of

causing adverse drug reactions in general.

Introduction

Hospital admissions often involve significant changes to a

patient’s medication regimen. Previous research suggests

that the number of prescribed medications and regimen

complexity may increase with hospitalisation [1–4], pos-

sibly leading to greater challenges for older people in self-

managing medication usage after discharge [5]. Possible

adverse impacts associated with an increased number of

medications include less reliable adherence [6–9], higher

risk of adverse health events [6, 7], higher health-care costs
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[7, 10], increased risk of hospitalisation [11, 12], and

premature mortality [7, 13]. Prescribing of potentially

inappropriate medications (PIMs) after hospitalisation [14],

is also associated with confusion, increased falls, and early

mortality [15]. However, it is important to acknowledge

that a hospitalisation period also provides an opportunity

for re-evaluation of the possible risks and potential benefits

of a patient’s medication regimen.

Besides the number of medications, the complexity of a

medication regimen is also contributed to by such factors

as dosage frequency, administration instructions, and the

selection of specific dosage forms. The medication regimen

complexity index (MRCI), was developed to more com-

prehensively describe the complexity of a medication

regimen, beyond a measure based simply upon the number

of medications prescribed. This validated tool includes 65

items grouped into three subgroups: dose forms, dosing

frequencies, and additional instructions relevant to drug

administration. The MRCI generates a score that has no

upper limit, but a higher score signifies a more complex

medication regimen [5]. There is evidence that higher

MRCI scores are associated with poorer adherence,

increased risk of emergency department presentation, and

hospitalisation [16]. The most frequently employed

approach to review PIM prescribing involves use of the

‘‘Beers Criteria,’’ an approach based upon interdisciplinary

consensus which specifies an explicit list of PIMs that

should generally be avoided in older adults. Although

sometimes criticised, the Beers criteria have been recently

updated and are still a valuable tool to investigate the

prescribing of medicines that may be inappropriate for use

for elderly people [15]. With the exception of one study

from a major Australian public teaching hospital, there

remains minimal information regarding medication com-

plexity assessed by the MRCI before and after

hospitalisation.

Aim

The primary aim of the present study was to assess the

changes in medication regimen complexity by reviewing

the MRCI before and after hospitalisation. The secondary

aim was to examine the prevalence of prescribing of PIMs

at the time of hospital discharge, using the 2015 Beers

Criteria.

Ethics approval

Unconditional approval was granted by the Southern

Adelaide Clinical Human Research Ethics Committee prior

to the commencement of the study.

Method

This was a retrospective cohort study involving a conve-

nience sample of patients aged 65 years and older who

were admitted to the general medical units of a tertiary care

hospital in South Australia. A list of patients who were

admitted to the general medical units of the hospital

between 1st Nov 2015 and 24th Nov 2015 was generated

using the hospital’s electronic records system. Patients

were excluded if they were admitted for palliative care, or

into surgical or psychiatric units. Short stay patients hos-

pitalised for diagnostic and/or elective procedures under

rheumatology, sleep, urology, and gastroenterology units

were also excluded. Patients were further omitted from

analysis if they had not been prescribed any medications

for chronic illnesses before admission, died during the

admission, or were transferred to another acute care hos-

pital for the management of new-onset acute illness or for

management of exacerbation of pre-existing conditions. All

data collection was performed by the primary investigator.

Information regarding pre-admission and discharge

medications for the calculation of the pre- and post-hos-

pitalisation MRCI and for the identification of PIMs pre-

scribed before and after hospitalisation was collected from

the hospital’s electronic medical record system. The med-

ication history and admission documentation (recorded by

the clinical pharmacist and admitting physician, respec-

tively) were used to gather the relevant pre-hospitalisation

information. For post-hospitalisation data, the discharge

medication lists and separation summaries were used as

information sources. Other information collected included

the patients’ age, gender, point of entry, total length of stay,

whether a drug administration aid (DAA) was used for

medication management, the number of PIMs, and avail-

ability of an action plan in the separation summary if PIM

was present at the time of discharge.

MRCI assessment

The primary outcome measure was assessed by comparing

any change in the MRCI for all prescribed medications

before and after hospitalisation.

PIM assessment

The Beers Criteria 2015 were used to identify prescribing

of PIMs. The number of PIMs before and after hospitali-

sation was recorded. In addition, if PIMs were present upon

discharge, the separation summary provided to the patients’

general practitioner (primary care physician) or care pro-

vider was reviewed to examine if additional recommen-

dations had been made regarding the ongoing use of these
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PIMs. The separation summary routinely contains infor-

mation describing past medical history, history of pre-

senting complaint, diagnosis, inpatient treatments,

discharge medication list, and follow up plans. It was

provided to every patient on discharge as a form of com-

munication tool to facilitate seamless care transition from

the tertiary sector to the primary care setting.

Data analysis

Based on a previous study, a power calculation confirmed

that with a change of 2 points in the MRCI scale, a sample

size of 99 subjects was required. A change of 2 points in

MRCI was chosen as the threshold for expected effect size

because a change (addition or ceasing) of one medication

would normally result in a change of 2 points in MRCI

[16].

Statistical analyses were performed using IBM SPSS

Statistics V21.0 Proportional comparisons were analysed

with the McNemar’s test, changes in mean MRCI scores

using a paired t test and potential associations between the

change in MRCI after hospitalisation and pre-admission

MRCI, were further analysed with a multiple regression

model incorporating the following factors: use of DAA on

discharge, gender, age and length of hospital stay.

Results

Of 370 patients admitted to the hospital during the data

capture window, 270 were excluded from analysis. These

included patients admitted to units other than general

medicine (n = 225), those who died during the admission

(n = 3), those transferred to other hospitals during

admission (n = 5), age\65 years (n = 31), and those not

taking any chronic medications (n = 5), and one patient

admitted for a biopsy. A total of 100 patients were included

in the study.

The mean age of all patients was 82 ± 9.15 years and

female patients comprised 60% of the sample. The average

age for women was 83 ± 8.9 and 81 ± 9.5 years for men.

Mean duration of inpatient stay was 18 ± 15.9 days. There

was no difference in the proportion of patients who used

some form of Drug Administration Aid (DAA) to manage

their medications before and after hospitalisation (53 vs.

56%, p = 0.25).

The key findings of the study are summarised in

Table 1. The mean overall MRCI score increased after

hospitalisation from 28.70 to 32.46 (p = 0.007). There

were 64 patients who experienced an average increase in

the MRCI of 9.5 ± 8.2 after hospitalisation. Conversely,

31 patients saw an average decrease in MRCI of 7.3 ± 6.5,

and 5 patients’ MRCI were unchanged.

There was a significant association between change in

MRCI score and higher preadmission MRCI score

(R = 0.679, p B 0.0001) see Fig. 1. Regression analysis

did not reveal an association between age (p = 0.472),

gender (p = 0.659), or use of a DAA on discharge

(p = 0.646) and changes in MRCI score. Length of hos-

pital stay however did significantly affect the change in

MRCI score (p\ 0.0001).

After hospitalisation, 58% of patients (n = 30) who

were prescribed PIMs had either an increase in the number

of PIMs, or no change, compared to 42% (n = 22) who

experienced either a decrease in the number of PIMs

(n = 7) or complete ceasing (n = 15) of all PIMs. In

addition, five patients who were originally not prescribed

any PIM at the time of admission were prescribed a PIM at

the end of the hospital stay. Spironolactone was prescribed

for three patients with a creatinine clearance\30 ml/min

and moxonidine for the two patients whose use of first-line

antihypertensives was not optimised. Of the three patients

prescribed spironolactone, only one had a separation

summary that specifically instructed the local doctor to

closely monitor the patient’s serum potassium and kidney

function. The breakdown of the PIM by the categories used

in the Beers criteria is provided in Table 2. Of 42 patients

for whom at least one PIM was present at discharge, only

three were found to have a full plan of action that addressed

the PIMs included in their separation summary. A further

two patients did have a documented plan addressing pre-

scribed PIMs. For the remainder of patients prescribed

PIMs at discharge, the separation summary did not address

issues related to the PIMs.

Discussion

In this study, hospitalisation was associated with signifi-

cantly increases in medication regimen complexity and the

overall number of medications prescribed. Compared to the

findings of Elliott et al., where there was an increase of up

to 55% in the MRCI score at the time of hospital discharge,

the magnitude of increase in MRCI observed in this study

(13%) was much lower, possibly reflecting the higher ini-

tial clinical complexity of patients (MRCI 28 vs. 18) [17].

This may also mean that doctors were more reluctant to add

more medications to patients who already had been taking

high number of medications.

Not unexpectedly, and reassuringly, patients who were

admitted with more complex medication regimens were

more likely to have their medication regimen simplified.

However, even if a highly complex medication regimen

gets simplified, careful attention to follow-up is required.

As is the case when initiating a new medication, the

medication simplification process must be approached with
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due vigilance. This points to an opportunity for the integral

involvement of pharmacists as medication therapy spe-

cialists who play important roles in assessing the possible

effects of various changes in the medications. To ensure

continuity of care the medical staff assuming responsibility

for community-based care of these patients must receive

concise and comprehensive information detailing the

medication changes. There is evidence to show that the

medical staff are more likely to accept the medication

changes and maintain these going forward if clear infor-

mation is communicated to them [18]. The pharmacists

involved could play an integral part in making this happen.

This study shows that hospitalisation resulted in a sta-

tistically significant reduction in the prevalence of the use

of PIMs identified using the updated Beers Criteria pro-

duced in 2015 by the American Geriatrics Society. The

overall mean number of PIMs prescribed also significantly

decreased during hospitalisation, and this result might be

expected, given that the medical teams consist of physi-

cians, pharmacists, nurses, and other allied health profes-

sionals who were experienced in caring for the older

patients. The medications that were included in the Beers

list were identified after an interdisciplinary consensus

process highlighted them as having a high potential for

causing harm if prescribed for older adults, suggesting that

experienced multidisciplinary care teams who are accus-

tomed to dealing with older people are likely to have little

difficulty in identifying them as potentially problematic.

However, it is of some concern that more than half of the

patients who were admitted with PIMs either experienced

an increase in PIM prescribing, or no change by the end of

the hospital stay, and moreover that there was a small

number of patients who were not treated with a PIM at

admission but who were at discharge, signifying that there

is still room for improvement in addressing the issue of

PIMs.

As regards the specific individual agents identified as

PIMs, it is not surprising that Proton Pump Inhibitors

(PPIs) featured prominently among the PIMs prescribed

(Table 2), and could well have been the most commonly

encountered PIMs in prevalence for both the pre- and post-

admission phase if not for the conservative approach to

identifying these drugs as PIMs. A PPI was deemed ap-

propriate if the patient was shown to have a diagnosis such

as gastroesophageal reflux disease (with or without current

active symptoms), or if the drug was used to protect against

the effects of ulcer-inducing medications, where use of a

PPI is indicated to prevent possible drug-related harm. It

was noted that potentially inappropriate use of the PPI

agents was increased with hospitalisation. However, the

increase was at least partly due to the failure to remove the

drugs whenever the indication was no longer present (e.g.

ceasing of antiplatelet agents where a PPI used was for

gastroprotection). Even though there is mounting evidence

that the PPIs are not a benign class of drugs, it seems that

years of conditioning have still managed to sustain high

level of tolerance for the extended use of these agents [19].

There is an urgent need to educate health professionals

about potential dangers of the ongoing inappropriate use of

PPIs.

Benzodiazepines were the most common PIMs used by

the patients before admission. Almost all of the benzodi-

azepines prescribed were short or intermediate acting

agents. This possibly reflects the view among the health

professionals that long-acting agents are more harmful than

their shorter acting counterparts, an assertion that has been

disputed [16]. The benzodiazepines were the PIM class that

was most likely to be ceased, especially if prescribed for

insomnia. In fact, the withdrawal of the agents contributed

most to the reduction in the prevalence of PIMs in the post-

Table 1 The changes in the

number of medications and the

outcomes

Pre-admission Post-admission p value

Mean number of medications (range) 10.72 (2–23) 11.44 (3–22) 0.0310

Mean MRCI (range) 28.70 (5–68) 32.46 (8–66) 0.0007

Mean number of PIM 0.78 0.57 0.0023

Proportions of patients with at least one PIM 52% 42% 0.0442

MRCI medication regimen complexity index

PIM potentially inappropriate medication as judged by the beers criteria 2015
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admission phase. However, benzodiazepines were often

left unaltered if these drugs were used for treating agitation

in patients suffering from behavioural and psychological

symptoms of dementia (BPSD). This was consistent with

the prescribing practice of some physicians who favoured

benzodiazepines over antipsychotics for the treatment of

BPSD, contrary to what the Beers criteria suggest.

The findings from a population-based study from

Canada, where increased use of spironolactone in HF

patients was accompanied by increases in the rates of

hospital admissions for hyperkalemia and in-hospital death

from hyperkalemia, underline the importance of using

spironolactone appropriately [20]. The lack of proper

monitoring plan in the separation summaries of patients

with creatinine clearance \30 ml/min initiated on

spironolactone is concerning. Moxonidine is not mentioned

specifically in the 2015 Beers list but it is a centrally acting

alpha 2 adrenoreceptor agonist, which the Beers criteria

rate with a strong recommendation to avoid in elderly

people. Moxonidine should be used only if first line anti-

hypertensives are not effective or not tolerated, which was

not the case with the patients who were treated with this

drug in our study. These findings suggest a knowledge gap

with regards to the medications in question that need to be

addressed [15, 21, 22].

In the present study the prevalence of action plans

addressing the approach to prescribing and monitoring of

PIMs after discharge was low. Unfortunately, the present

study was not designed to explore the reasons for this and

further research will be required to address this issue. The

need to avoid prescribing PIMs is by no means absolute,

but their use should be accompanied by closer monitoring

for adverse effects. One way to promote this vigilance is

through the formulation of action plans for the various

carers of the patients after hospitalisation, especially the

local doctors.

The study provides some additional insight into the

nature of change in medication complexity and in the

Table 2 PIM according to the classifications used in Beers criteria 201516

Number of cases (%) Individual medications

Pre-

admission

Post-

admission

Anticholinergicsa 3 (3.8) 3 (5.3) Promethazine, pheniramine, pizotifen

Peripheral alpha-1 blockersa 5 (6.4) 3 (5.3) Prazosin

Central alpha 2 agonistsa 2 (2.6) 3 (5.3) Moxonidine

Digoxin[0.125 mg/da 2 (2.6) 0

Tricyclic antidepressantsa 5 (6.4) 3 (5.3) Amitriptyline

Short-/intermediate-acting benzodiazepinesa 17 (21.8) 6 (10.5) Oxazepam, temazepam, lorazepam

Long-acting benzodiazepinesa 2 (2.6) 0 Clonazepam, diazepam

Oestrogen with/without progestinsa 2 (2.6) 1 (1.7)

Metoclopramidea 2 (2.6) 1 (1.7)

Proton pump inhibitorsa 13 (16.7) 14 (24.6) Pantoprazole, omeprazole, lansoprazole,

rabeprazole

NSAIDsa 4 (5.1) 1 (1.7) Ibuprofen, naproxen, meloxicam

Deliriumb 2 (2.6) 0 solifenacin

Dementia and cognitive impairmentb 3 (3.8) 3 (5.3) oxazepam

History of fallsb 7 (8.9) 9 (15.8) Escitalopram, gabapentin, pregabalin,

oxazepam, temazepam

Antipsychotics, antidepressants, and benzodiazepines in combination with

C2 other CNS-active drugs�c
6 (7.7) 4 (7.0)

Creatinine clearance\50 ml/min (ranitidine) and\30 ml/min

(spironolactone)d
3 (3.8) 6 (10.5) Spironolactone, ranitidine

a Medications that should generally be avoided in all older patients
b Medications that should be avoided in older patients with certain medical conditions
c Potentially clinically important non-anti-infective drug–drug interactions that should be avoided in older patients
d Non-anti-infective medications that should be avoided or have their dosage reduced with varying levels of kidney function in older patients
� Central nervous system (CNS)-active drugs: antipsychotics; benzodiazepines; nonbenzodiazepine, benzodiazepine receptor agonist hypnotics;

tricyclic antidepressants (TCAs); selective serotonin reuptake inhibitors (SSRIs); and opioids

Int J Clin Pharm (2017) 39:867–873 871

123



prevalence of PIM after hospitalisation in the Australian

context. However, its generalizability may be limited by its

small size and single centre design. This is also the limi-

tation regarding findings derived from data other than the

primary endpoint. Another limitation of the study is the

sole reliance upon the explicit parameters of the 2015

Beers Criteria to determine the appropriateness of a med-

ication. Using a combination of explicit criteria and a

thorough examination of corresponding clinical informa-

tion may have yielded a more accurate picture for the use

of some inappropriate medications in the study sample.

Moreover, ideally future research should preferably

address the prevalence of drug-related problems as well as

PIM use and medication complexity. Due to the retro-

spective design and limited time resources, changes of

medications during the hospital stays were not taken into

account in this research. Identification of Beers PIMs was

entirely dependent on information available in documents

used as information sources, and had other sources been

utilised, the prevalence of PIM may have been found to be

different. Even though the present study only considered

the total number of medications without differentiating to

as-needed, chronic, and short-course medications, previous

research by Elliot et al. suggested that the conclusions

might have been similar had this been the case [17].

Conclusion

In conclusion, this study suggests that hospitalisation

appears to be associated with increased medication com-

plexity in general, but the direction and magnitude of the

change in the medication complexity seems to be deter-

mined largely by a patient’s baseline MRCI and the length

of hospital stay. Studying the prevalence of PIM could help

to identify knowledge gaps among the health professionals

regarding the use of these drugs, and with a concerted

response to information gained, the quality of patient care

could be improved.
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