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Abstract
Background: Older patients from nursing homes are commonly exposed to polypharmacy before 
a hospital admission. Deprescribing has been promoted as a solution to this problem, though 
systematic reviews have not found benefit. The aim of this study was to understand if in-hospital 
deprescribing of certain classes of medications is associated with certain benefits or risks.
Methods: We conducted a prospective, multicentre, cohort study in 239 medical inpatients 
⩾75 years (mean age 87.4 years) who were exposed to polypharmacy (⩾5 medications) prior 
to admission and discharged to a nursing home for permanent placement. Patients were 
categorised by whether deprescribing occurred, mortality and readmissions were assessed 
30 and 90 days after hospital discharge. The EQ-5D-5 L health survey assessed changes in 
health-related quality of life (HRQOL) at 90 days, with comparison to EQ-5D-5 L results at 
day 30. Latent class analysis (LCA) was used to investigate associations between patterns of 
prescribed and deprescribed medications and mortality.
Results: Patients for whom deprescribing occurred had a higher Charlson Index; there 
were no differences between the groups in principal diagnosis, total or Beers list number of 
medications on admission. The number of Beers list medications increased in both groups 
before discharge. Patients who had medications deprescribed had nonsignificantly greater 
odds of dying within 90 days [odds ration (OR) = 3.23 (95% confidence interval (CI): 0.68, 14.92; 
p = 0.136]. Deprescribing of certain classes was associated with higher 90-day mortality: 
antihypertensives (OR = 2.27, 95% CI: 1.004, 5; p = 0.049) and statins (OR = 5, 95% CI: 
1.61, 14.28; p = 0.005). Readmissions and 1-year mortality rates were similar. There was no 
deterioration in HRQOL when medications were deprescribed. LCA showed that patients with 
the least medication changes had the lowest mortality.
Conclusion: Deprescribing certain classes of medications during hospitalisation was 
associated with worse mortality, but not readmissions or overall HRQOL. Larger controlled 
deprescribing studies targeting specific medications are warranted to further investigate 
these findings.
This study was registered with the Australian and New Zealand Clinical Trials Registry, 
ACTRN1 2616001336471.

Plain language summary 

Background: When an older person living in a nursing home is admitted to hospital, does 
stopping long-term medications help them?
Many older people from nursing homes take a large number of medications each day to 
treat symptoms and prevent adverse events. “Polypharmacy” is a term used to describe 
taking multiple long-term medications, and it is associated with many negative outcomes 
such as increased number of falls, cognitive decline, hospital readmission, even death. 
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Deprescribing of nonessential medications – whether stopping or reducing the dose – is 
promoted as good hospital practice and is assumed to help older frail people live longer 
and feel better. However, we often don’t fully understand what is and is not essential.
We wanted to better understand the effect of deprescribing long-term medications for 
older frail patients during an unplanned hospital admission as they were going to a nursing 
home to live.
Methods: While admitted to hospital, medications are often reviewed by a clinical 
pharmacist and specialist physician. Sometimes medications are ceased; sometimes they 
are not. This gave us the opportunity to study two groups of older frail people from nursing 
homes: those who had regular, long-term medications ceased or reduced and those who 
did not. We wanted to see if one group did better. For example, did they feel worse if 
we stopped certain medications? Did they suffer other bad events compared with those 
patients for whom no medications were ceased? Were they readmitted to hospital earlier 
or more often?
Results and conclusion: Despite the assumption that stopping medications for this type of 
patient is good practice, we found no benefit. We were also surprised to find stopping or 
reducing certain drug classes (e.g. antihypertensives and cholesterol-lowering drugs) was 
associated with greater mortality. Larger, randomised studies will better answer these 
important questions.

Keywords: aged care, deprescribing, elderly, EQ-5D-5 L, health-related quality of life, hospital 
medicine, mortality, nursing homes, prescribing
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Introduction/background
Older people are frequent consumers of hospital 
and pharmacy resources. In 2016, 42% of 
Australian hospital discharges were for people 65 
years of age and older;1 this age group is the larg-
est per capita user of prescription medications.2 
An unplanned hospitalisation becomes a conduit 
of new prescriptions to treat symptoms and pre-
vent major clinical events.3 Therefore, it is no 
surprise that the hospital is a common source of 
potentially inappropriate medications (PIM) and 
can exacerbate, rather than reduce exposure to 
polypharmacy.2 Deprescribing, whether inpa-
tient or outpatient, has been promoted as a solu-
tion to the vexing problem of polypharmacy and 
a way to improve the negative outcomes attend-
ing polypharmacy,4 but systematic reviews of this 
approach have been unable to support a clear 
and consistent benefit.5,6 These reviews were 
highly heterogeneous in part due to inconsistent 
definitions of ‘older’. Indeed, early studies were 
very promising, with some suggesting a 50% 
reduction in mortality,7 and improvement in 
quality of life,8 following a reduction of medica-
tion burden. However, when systematic reviews 
of randomised trials began to accumulate, the 

results were less encouraging. A systematic 
review of deprescribing in a hospital setting was 
also hampered by the heterogeneity of included 
studies.9 Some studies measured mortality, some 
the number of PIM, and some emergency depart-
ment presentations or readmissions to hospital. 
Results were limited to improvements that did 
not reach statistical significance, with no effect 
on readmissions. Health-related quality of life 
(HRQOL), too, has been evaluated by systematic 
review, finding 10 studies that fulfilled criteria, 
but failed to show a significant effect on 
HRQOL.10 Studies in this review which did find 
an improvement in HRQOL were limited by het-
erogeneous patient populations, nonspecific 
medication targets and differing outcome meas-
ures, dimming a clear signal of benefit. Other 
systematic reviews of deprescribing, with similar 
conclusions, focused on different groups of par-
ticipants, such as patients with frailty,11 commu-
nity-dwelling older people,12 or those with limited 
life-expectancy.13

It remains unclear when, in an older person’s life, 
the time-to-benefit of preventive medications is 
too long to continue exposure, even when the risk 
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is slight. Furthermore, an individual’s prognosis 
can change, adding complexity to the already dif-
ficult task of prescribing responsibly.

In this context, nursing home residents are an 
important population to study for several reasons: 
their presence on an inpatient hospital ward is 
common; polypharmacy is highly prevalent; com-
pliance with medications is generally accepted as 
100%; mortality is increased compared with com-
munity-dwelling older people;14 and the burden 
of medications might be greater both in sheer 
number and in the prevalence of adverse drug 
events. Older people who live permanently in 
nursing homes carry the greatest medication bur-
den15 and medication risk because half of these 
vulnerable people are on PIM.16 An unplanned 
hospital admission in this group is an opportunity 
to review medications – indications and doses – as 
well as monitor for withdrawal syndromes that 
deprescribing could precipitate. However, this 
opportunity is often lost amid increasing pres-
sures to discharge patients.

We recently published a small observational study 
evaluating the outcomes of a group of older medi-
cal inpatients, comparing those who had medica-
tions ceased during their hospital stay to those 
who did not. After controlling for various con-
founders, including the number of PIM taken, 
there was no difference in mortality or readmis-
sions. Albeit our sample size was relatively small 
(n = 100), there was a signal of improved 
HRQOL, measured with Short Form-8, in those 
patients who had medications deprescribed.17 As 
HRQOL is an important patient-centred end-
point, we addressed this issue in a larger patient 
population, using a different HRQOL measure, 
the EQ-5D-5 L, for ease of administration with-
out loss of performance. We speculated that any 
improvement between 30 and 90 days post dis-
charge would better reflect long-term medication 
changes made during the admission. Furthermore, 
we sought to determine whether deprescribing, as 
well as prescribing, certain classes of medications 
is associated with specific benefits or risks. This 
would be useful to target specific classes for future 
deprescribing studies.

Methods
Our study was registered with the Australian 
and New Zealand Clinical Trials Registry, 

ACTRN12616001336471.18 This was a pro-
spective cohort study of older medical inpatients 
(>75 years) on five or more regular medica-
tions, a commonly accepted definition of polyp-
harmacy, before an unplanned admission to five 
metropolitan hospitals in Adelaide, South 
Australia, between June 2018 and April 2019. 
The study is reported according to the STROBE 
checklist for observational studies.19 All patients 
were discharged to permanent placement in a 
nursing home. Ethics approval was obtained for 
the study from the Royal Adelaide Hospital 
Ethics Committee (HREC/15/RAH/302) with 
mutual recognition at participating sites. We 
investigated the associations between depre-
scribing and mortality, readmission rate, and 
HRQOL. Patients consented to ongoing follow-
up; deprescribing that occurred while in hospi-
tal was not on a voluntary basis, but in line with 
best practice that medications be reviewed and 
nonbeneficial medications ceased. Patients were 
categorised and analysed according to whether 
they had medication deprescribed or not. Since 
medication reconciliation can sometimes be 
delayed, patients were excluded if admitted for 
less than 48 hours; we also excluded patients 
expected to die within 30 days.

All patients received routine care consisting of a 
multidisciplinary assessment of medications 
involving a clinical pharmacist and a specialist 
physician. The multidisciplinary team used the 
patient’s medication list at the time of admission 
provided by the nursing home or confirmed with 
the community pharmacist. Decisions about med-
ication changes were at the discretion of the treat-
ing team and involved the patient and the carer, as 
well as the patient’s general practitioner whenever 
possible. Investigators did not engage collectively 
in prescribing or deprescribing actions. All depre-
scribing decisions were made by the multidiscipli-
nary team members involved in the care of that 
patient. In addition, the team could employ any 
available deprescribing guideline to identify poten-
tially inappropriate medications. Teams were not 
required to adhere to a specific guideline for 
deprescribing. After enrolment, clinical pharma-
cists entered each patient’s medication list from 
admission and again at discharge into a secure 
web application REDCap (Research Electronic 
Data Capture). Medications were categorised as 
ceased, unchanged, or total daily dose increased 
or decreased. The indications for medication 
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changes were not recorded. A medication was 
considered deprescribed if it was either ceased or 
its dose reduced. Only medications given regularly 
were counted; pro re nata (PRN) medications, top-
ical creams, and eye drops were excluded from 
analysis.20,21 However, PRN medications were 
considered regularly scheduled if given more than 
once weekly, as defined in Thillainadesan et al.’s 
2018 study.21 Short-term antibiotics and gluco-
corticoids were excluded if ceased before the 
30-day follow-up. Combination medications (e.g. 
amlodipine/atorvastatin) were counted as two 
medications if one of the medications was likely to 
be altered independent of the other; medications 
given regularly, but at long intervals (e.g. 
6-monthly denosumab) were counted as regularly 
scheduled, unless ceased; a change of drug class 
with a similar dose (e.g. pantoprazole to omepra-
zole; aspirin to clopidogrel) was not considered 
deprescribing. Consistent definitions were kept 
for admission medication list and discharge medi-
cation list to enable consistent counting of medi-
cations for participants.

Important sources of bias might be sheer number 
of medications, number of potentially inappropri-
ate medications, and comorbidities. To address 
possible selection bias (where a group of older 
patients on inappropriate medications have medi-
cations deprescribed and are compared to another 
similar group of older patients who were not on 
inappropriate medications), we used the Beers 
2015 list of potentially inappropriate medications 
to compare the number of potentially inappropri-
ate medications taken before admission and at the 
time of discharge.22 The participant’s age, gen-
der, and Charlson Comorbidity Index (CCI)23 
were also recorded. CCI was based on clinical 
coding at the end of a patient’s hospital stay; 
ICD-10 codes are generated by clinical coders by 
reviewing the discharge summary and the medical 
record of a hospital stay. ICD-10 codes are used 
to generate CCI for each hospital stay,24 but only 
the index admission was used for our study.

Mortality and readmissions were assessed 30 and 
90 days after hospital discharge using hospital 
administrative databases. Nursing staff at the 
nursing home were contacted by phone at 30 and 
90 days to review the participant’s current medi-
cation list. Limitations in death certification at 
nursing homes meant that only all-cause mortal-
ity could be reported. Readmission data were 
extracted from the hospital database. Mortality 

was assessed again at 1 year using hospital admin-
istrative databases.

We assessed self-reported HRQOL at 30 and 90 
days. For HRQOL, patients served as their own 
controls. The EQ-5D-5 L health survey was 
administered (with permission from the EuroQol 
Research Foundation) 30 days after discharge to 
establish a baseline after recovery from acute hos-
pitalisation followed by comparison with the same 
survey administered 90 days after discharge. The 
investigators were concerned that an earlier base-
line measurement would be confounded by recov-
ery from an acute illness. The EQ-5D-5 L 
includes five levels within five domains, as well as 
an index score and a visual analogue scale (VAS) 
measuring self-rated health on a scale ranging 
from 0 (worst imaginable health state) to 100 
(best imaginable health state). If the participant 
was unable to answer, a substitute was sought 
from the nursing home staff or family. Informed 
consent was obtained from all participants, or 
next of kin in the case of cognitive impairment or 
language barrier.

Statistical analysis
The statistical software used was SAS 9.4 (SAS 
Institute Inc., Cary, NC, USA). Descriptive sta-
tistics were calculated for variables across depre-
scribed and nondeprescribed groups; comparisons 
were made using chi-square tests and Fisher’s 
exact tests (categorical variables), independent 
t-tests (normally distributed continuous varia-
bles) and Wilcoxon rank sum tests (nonnormally 
distributed continuous variable). Assessment of 
the association between HRQOL at 90 days and 
deprescribing was investigated using linear and 
ordinal logistic regression models with various 
quality of life outcomes regressed against having 
any medication deprescribed. This model allowed 
for clustering within hospitals (five centres) with 
the site included as a fixed effect. Adjusted mod-
els were then performed, including the confound-
ers: age, sex, diabetic, CCI, length of stay (LOS), 
discharge Beer score and site. Any patient who 
died within 90 days after discharge was excluded 
from the HRQOL analysis, as they were censored 
by death; these patients were included in mortal-
ity analysis.

We followed all participants until death or 1 year. 
We categorised and analysed medications by 
Anatomical Therapeutic Chemical (ATC) class: 
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acid suppression, antihypertensive, antiplatelet, 
antipsychotic, antiresorptive, benzodiazepine, 
diuretics, long-acting nitrates, statins, or other. 
Multivariable binary logistic, ordinal logistic and 
linear regression models were then used to inves-
tigate associations between mortality, readmis-
sion and HRQOL outcomes versus all 
deprescribed discharged medication classes, 
adjusted by the site as a covariate.

Furthermore, after completion of the study, we 
found that a significant number of new, long-
term medications were started during admission 
and continued after discharge. We grouped and 
analysed these by the most common: cardiovas-
cular medications, vitamins, cathartics, analge-
sics, anti-thrombotics, sedative/antipsychotics, 
inhalants, gastrointestinal, and antidiabetic medi-
cations. We evaluated these classes using multi-
variable binary logistic, ordinal logistic and linear 
regression models to investigate the association 
between HRQOL, mortality and readmission 
outcomes, versus all newly prescribed discharge 
medication classes, adjusted by site as a 
covariate.

Finally, to search for any hidden clusters of par-
ticipants within the entire cohort that might be at 
greater risk, but who otherwise appear the same, 
we performed a latent class analysis (LCA).25 
LCA is a post hoc grouping method. It uses 
machine learning to identify patient profiles 
(classes) amid complex patient data,26 such as 
prescription drug use, that might not be visible 
(i.e. that might be ‘latent’) using conventional 
analytical statistical methods; the approach relates 
these categories to an outcome of interest (e.g. 
mortality) to generate new hypotheses. LCA uses 
binary indicators (‘yes/no’ for deprescribed medi-
cation, and ‘yes/no’ for new medication added, 
along with ‘yes/no’ for mortality).

Results
A total of 267 eligible patients were approached 
for enrolment; 239 (90%) consented; 146 (61%) 
of these required third party consent. Cluster 
sizes ranged from five patients to 126 patients. 
Fifty-nine participants were excluded: 20 with-
drew at some point in the study; 21 were invalid 
entries; 14 died during admission; and four had 
incomplete data, leaving 180 participants with 
complete data. There were no patients lost to 

follow-up. Medications were deprescribed in 118 
(66%) of the 180 participants while an inpatient. 
The remaining 62 (34%) participants did not 
have any medications deprescribed during their 
inpatient stay. Table 1 gives descriptive statistics 
for relevant variables across deprescribed and 
nondeprescribed groups.

Mortality by group
Patients who had medications deprescribed had 
odds of dying within 90 days that was 3.23 times 
higher than those in the nondeprescribed group 
[odds ratio (OR) = 3.23]; however, this differ-
ence was not significant in the adjusted model. 
The overall 1-year mortality was 42%, with no 
significant differences between the two groups. 
Deprescribing certain classes of medications was 
associated with increased mortality at 90 days: 
antihypertensives (where survival was worse) and 
statins (survival was also worse). Deprescribing 
long-acting nitrates was associated with improved 
1-year survival, while 1-year mortality was worse 
in patients whose diuretics were deprescribed. 
These findings are displayed in Table 4.

Readmission
The readmission rate was lower for those patients 
in the deprescribed group [OR = 0.58, 95% con-
fidence interval (CI): 0.22, 1.55; p = 0.2782]; 
however, this was not statistically significant. 
After controlling for all other visible factors, how-
ever, there was a decrease in time to readmission 
for those people who had analgesics initiated. 
Patients who did not have analgesic medications 
initiated stayed out of hospital 146 days longer 
than those whose discharge medication list 
included a new prescription for analgesics 
(p = 0.0199). There was also a statistically sig-
nificant higher readmission proportion by 1 year 
in those who continued statins compared with 
those who were deprescribed statins (53% versus 
25%) (p = 0.0190). There were no significant 
differences in readmission rate at 30 days or 90 
days.

HRQOL
There was no statistically significant deterioration 
in HRQOL when medications were deprescribed. 
Results of EQ-5D-5 L at 90 days are presented in 
Table 1.
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Table 1. Patient demographics, Beers list, EQ-5D-5 L, readmission, and mortality results.

Variable Value All Data 
(N = 180)

Deprescribed 
(N = 118)

Not deprescribed
(N = 62)

p-value

Age, years – mean (SD) 87.4 (5.3) 87.6 (4.9) 86.9 (5.9) 0.45a

Gender – N (%) male 72 (40) 45 (38) 27 (44) 0.48b

 female 108 (60) 73 (62) 35 (56)  

Charlson Index – median (IQR) 1 (0, 2) 2 (1,3) 1 (0,1) <0.0001c

Length of stay, days – median (IQR) 6 (3, 11) 6 (3, 11) 6 (3,9) 0.36c

Days until first Readmission (excluding 30d deaths) 
– median (IQR)

82 (23, 186) 65 (22,186) 94 (56, 187) <0.0001c

Number of medications on admission – median (IQR) 10 (8, 13) 10 (8, 13) 10 (7, 12) 0.14

Number of medications on discharge – median (IQR) 9 (7, 12) 9 (7, 11) 10 (7, 13) 0.04

Beer score admission – mean (SD) 2 (1,3) 1.9 (1.1) 1.7 (1.5) 0.35a

Beer score discharge – mean (SD) 2 (1.4) 2.1 (1.2) 1.8 (1.5) 0.17a

Eq5d index at 90d – mean (SD) 0.38 (0.33) 0.35 (0.32) 0.42 (0.33) 0.34a

Mobility at 90d – median (IQR) 3 (2,5) 3 (3,5) 3 (2,4) 0.22c

Self-care at 90d – median (IQR) 3 (3,5) 3 (3,5) 3 (2,5) 0.36c

Usual activities at 90d – median (IQR) 3 (2,4) 3 (2,4) 3(2,4) 0.77c

Pain at 90d – median (IQR) 2 (1,3) 2 (1,3) 1 (1,3) 0.13c

Anxiety at 90d – median (IQR) 1 (1,3) 1 (1,3) 2 (1,3) 0.68c

VAS at 90d – mean (SD) 53.5 (21.9) 52.3 (22.3) 55.2 (21.4) 0.54c

Any readmission? (excluding deaths < 30d) – N (%) 93 (62) 57 (60) 36 (67) 0.42b

Diabetic – N (%) 39 (22) 29 (25) 10 (16) 0.19b

Meds deprescribed 118 (66) 118(100) 0  

Death before 30d – N (%) 28 (16) 22 (19) 6 (10) 0.16b

Death before 90d (excluding deaths < 30d) – N (%) 23 (15) 19 (20) 4 (7) 0.14d

Death before 1yr (no 30d or 90d deaths) – N (%) 25 (20) 16 (22) 9 (18) 0.62b

IQR, inter-quartile range; VAS, visual analogue scale.
at-test p value.
bChi-square p value.
cWilcoxon rank sum test p value.
dFisher’s exact test p value.

There were no significant differences in the spe-
cific domains – mobility, self-care, usual activi-
ties, pain, anxiety/depression – between those 
patients for whom deprescribing occurred and 

those for whom no deprescribing occurred. There 
were also no differences found in the EQ-5D-5 L 
index or VAS. However, a new prescription for 
gastrointestinal agents was associated with a 
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Table 2. Medications deprescribed.

Drug Class
(Anatomical Therapeutic Chemical code)

Total number of medications 
in this class prescribed before 
admission

Meds deprescribed during 
admission
(% of prescribed)

Acid suppression meds (A02) 119 25 (21)

Antihypertensives (C02, C07, C08, C09) 189 52 (28)

Diuretics (C03) 130 49 (38)

Antiplatelet agents (B01) 85 23 (27)

Benzodiazepines (N05 C, N05B) 61 15 (25)

Antipsychotics (N05AH, N05AX) 37 9 (24)

Antiresorptive treatment (M05B) 27 4 (15)

Statins (C10) 72 21 (29)

Long-acting nitrates (C01) 57 14 (25)

Other 1153 254 (22)

Total 1930 466 (24)

decline in self-reported mobility at 90 days 
(OR = 0.12, CI: 0.02, 0.68; p = 0.016) but an 
improvement in EQ-5D Index at 90 days 
(OR = 3.03, CI: −1.6, −16.66; p = 0.018).

Medication burden
Table 2 lists the most commonly deprescribed 
medications. There was no statistically significant 
difference between the two groups in the mean 
number of potentially inappropriate medications 
taken either before admission or at discharge. 
There was a statistically significant difference 
between the two groups in mean number of medi-
cations taken at discharge. In addition, in the 
deprescribed group, the mean number of Beers 
list medications was 0.22 greater at the point of 
discharge than on admission (estimate = 0.22, 
CI: 0.14, 0.30; p < 0.0001). Similarly, in the 
nondeprescribed group, the mean number of 
Beers list medications at the point of discharge 
was greater than at the point of admission (esti-
mate = 0.13, CI: 0.01, 0.24; p = 0.03).

New medications were started while in hospital. 
The most common of these were cardiovascular 
medications (17%) – including diuretics, antihy-
pertensive agents, and digoxin; but also vitamins 
(16%); cathartics (15%); analgesic medications 

(13%, opioid and nonopioid); and gastrointestinal 
agents (6%) – mostly proton pump inhibitors.

Latent class analysis (LCA)
Table 4 and Figure 1 show results for LCA. We 
identified three mortality groups (classes) that fit 
the mortality modelling best, a solution based on 
whether old medications were deprescribed and if 
new ones were started. Class 3 had no changes 
made to long-term medications; class 1 had only 
modest changes to the long-term medication lists; 
while class 2 had the most medication changes, 
both medications deprescribed and medications 
started.

Class 3 had the lowest odds of mortality and 
shortest length of stay; these patients also had the 
fewest medication changes (mostly none); this 
class was therefore used as the reference group. 
Class 1 had a moderate amount of deprescribing, 
but few new medications and a slightly worse 
30-day mortality than the reference class (multi-
variate OR = 1.4, CI: 0.5, 4.1); this was not sta-
tistically significant (p = 0.582). Class 2 had the 
greatest number of medications changed (depre-
scribed and new medications started) and suf-
fered the worst 30-day mortality (multivariate 
OR = 6.5, CI: 1.6, 25.5; p = 0.008) and had the 
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longest LOS. Similar mortality was found at 90 
days for the three classes.

Discussion
Much of the benefit of an unplanned hospital 
admission for older people from permanent resi-
dence in a nursing home might be paradoxically 
diminished by the addition of potentially inappro-
priate long-term medications.27–29 Despite the 
negative associations with polypharmacy, some of 
them serious, obvious, and preventable, this vex-
ing, modern-day problem persists. Starting medi-
cations comes with the expectation of benefit 
from both prescriber and consumer; yet for an 
individual patient, the true benefit of a medica-
tion can be difficult to know. Similarly, depre-
scribing comes with a hope of benefit, but one 
that has not been made clear. Several systematic 
reviews of deprescribing have not demonstrated a 
benefit associated with reducing medication bur-
den.3,4 Our study found no deterioration in 
HRQOL for the group who had medications 
deprescribed, but a faster readmission. 
Furthermore, we found worse mortality in those 
patients ceasing antihypertensives and statins. 
Several points arising from this study require fur-
ther discussion; see Table 3 for Association 

between latent class and 30-day, 90-day, and 
12-month mortality (n = 180).

First, a significant number of participants died 
within 30 and 90 days despite excluding any 
patient expected to die within 30 days. This high 
baseline mortality rate should be kept in mind 
when reviewing medications at the point of dis-
charge from hospital to identify opportunities to 
reduce medication burden. Despite this complex-
ity, we attempted to ascertain the signal of bene-
fit, be it mortality (important to doctors), 
readmission (important to administrators), or 
HRQOL (important to consumers). We looked 
for differences associated with deprescribing cer-
tain classes of medications and found some – 
ceasing antihypertensives was associated with 
worse mortality. This could be due to by indica-
tion: older people with low blood pressure are 
likely to have antihypertensive medications ceased 
or reduced; these patients are also known to have 
a worse mortality than other older people with 
normal or high-normal blood pressure.30 For 
example, the PARTAGE study, published in 
2015, enrolled over 1,100 patients older than 80 
years (mean age = 87.6 years) from nursing 
homes in France and Italy. This study found a 
startling association between lower blood 

Figure 1. Classes of deprescribed medicines and new medication usage identified from the latent class 
analysis.
Class 1: Moderate deprescribing and a low number of new medications.
Class 2: High deprescribing and a high number of new medications.
Class 3: Low deprescribing and a low number of new medications.
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Table 3. Association between latent class and 30-day, 90-day, and 12-month mortality (n = 180).

Alive, N (%) Died, N (%) Univariate
OR (95% CI)

p value Overall
p valuea

Multivariateb

OR (95% CI)
p value Overall

p valuea

30-day mortality

 Class 1 84 (86.6) 13 (13.4) 1.3 (0.5, 3.7) 0.60 0.02 1.4 (0.5, 4.3) 0.58 0.01

 Class 2 17 (65.4) 9 (34.6) 4.5 (1.4, 14.5) 0.01 6.5 (1.6, 25.6) 0.008  

 Class 3 51 (89.5) 6 (10.5) Reference — Reference —  

90-day mortality

 Class 1 65 (67.0) 32 (33.0) 2.6 (1.1, 6.0) 0.02 0.04 2.8 (1.2, 6.9) 0.02 0.02

 Class 2 16 (61.5) 10 (38.5) 3.3 (1.2, 9.7) 0.03 4.6 (1.4, 15.4) 0.01  

 Class 3 48 (84.2) 9 (15.8) Reference — Reference —  

12-month mortality

 Class 1 50 (51.6) 47 (48.5) 2.0 (1.0, 4.0) 0.04 0.13 2.2 (1.0, 4.6) 0.05 0.14

 Class 2 15 (57.7) 11 (42.3) 1.6 (0.6, 4.1) 0.34 1.8 (0.6, 5.2) 0.29  

 Class 3 39 (68.4) 18 (31.6) Reference — Reference —  

Class 1: Moderate deprescribing and low number of new medications. Class 2: High deprescribing and high number of new medications. Class 3: 
Low deprescribing and low number of new medications. OR, odds ratio; CI, confidence interval.
aOverall association for latent class analysis.
bUsing binary logistic regression with adjustment for age, gender, hospital, diabetic status and Charlson comorbidity score.

Table 4. Associations with mortality.

Medication class (ATC code) 
deprescribed before discharge

Number of patients 
with this medication 
change

Adjusted OR (95% CI) and  
p value for 90-day mortality 
with deprescribing versus not 
deprescribing

Adjusted OR (95% CI) and p 
value for 1-year mortality 
with deprescribing versus not 
deprescribing

Any medication 118 3.2, (0.69, 15.04), p = 0.14 1.33 (0.43, 4.12), p = 0.62

Antihypertensives (C02, C07, C08, C09) 44 2.27 (1.00, 5.12), p = 0.05 1.49 (0.68, 3.22) p = 0.31

Statins (C10) 20 4.95 (1.63,15.09), p = 0.005 4.0 (1.25, 12.5), p = 0.019

Long-acting nitrates (C01) 13 0.33 (0.07, 1.52),
p = 0.16

0.17 (0.04, 0.79), p = 0.02

Diuretics (C03) 38 2.32 (1.00, 5.40),
p = .05

2.22 (1.0, 5.0), p = 0.05

ATC, Anatomical Therapeutic Chemical; CI, confidence interval; OR, odds ratio.

pressure (systolic blood pressure < 130 mmHg) 
and worse mortality (two times worse) in those 
patients on two or more antihypertensive medica-
tions, compared with those with similar blood 
pressure taking only one medication or none, 
extending out to a 2-year follow-up.31 As 

deprescribing while in hospital is common in this 
patient group, randomised studies are warranted 
to further investigate this association.32 It is not 
clear if stopping blood pressure lowering medica-
tions helps or harms when the blood pressure is 
considered normal.
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Second, using LCA, we identified a subgroup of 
patients with more inpatient medication changes 
and whose mortality was worse. While it is diffi-
cult to identify a cause–effect relationship, this 
class might have been more acutely unwell than 
others, a cohort that could be identified more eas-
ily with a simple disease severity score (e.g. 
APACHE), rather than LCA. But starting and 
stopping medications in a short period of time 
might be too much for a person with limited resil-
ience and nearing the end of life. Environmental 
factors – doctors prescribing behaviours – might 
influence outcomes more than we appreciate. 
The class who enjoyed the best mortality had the 
fewest changes to their medications. Despite 
excluding from this study patients expected to die 
within 30 days, unseen bias could be at play. 
Impressions of futility so visible at the bedside of 
the frail elderly might have influenced clinicians 
to deprescribe and thus skew the results towards 
worse outcomes for those whose death was inevi-
table. Only randomised studies where patients are 
stratified according to risk of death will begin to 
unravel this complex association.

Third, our results also suggest clinicians should 
pause before adding gastric acid suppression 
medications before hospital discharge. While 
many studies have shown an association between 
proton pump inhibitors (PPIs) and mortality,33 or 
even improved quality of life,34 ours found mixed 
results for quality of life when they are prescribed: 
decline in mobility, but improved associations 
with overall quality of life (EQ-5D Index). Our 
results should be considered with caution, noting 
the wide confidence intervals. A larger study that 
focuses only on deprescribing PPIs is required to 
investigate further.

Fourth, we found no statistically significant asso-
ciations between deprescribing and HRQOL. In 
each of the five domains of the EQ-5D, there was 
no significant difference between the deprescribed 
and nondeprescribed group’s change in self-
reported preferences in the five domains between 
30 and 90 days, as well as the EQ-5D Index and 
VAS. A systematic review of the impact of depre-
scribing on quality of life was published in 2019.10 
It included 12 heterogeneous studies and found 
no impact in all but two. A nonrandomised study 
from 2011 separated patients older than 75 years 
into three groups based on the number of medica-
tions and found a significant association between 
appropriate medication prescribing and quality of 

life using EQ-5D.35 Our study demonstrates no 
broad signal of benefit on quality of life. It could 
be that substituting new medications for the ones 
ceased explains very simply the lack of difference 
in HRQOL. Most adverse drug events are not 
detected by explicit criteria like Beers list medi-
cations because they are the result of more com-
monly prescribed medications such as 
anti-thrombotics, hypoglycaemics, and antihy-
pertensive agents. Similar to mortality and read-
missions rate, these results highlight the need for 
randomisation and specificity.

Finally, our study highlights the inherent complex-
ities of polypharmacy. For those people in the 
deprescribing group, we added more medications 
at discharge than we added to the lists of those 
people categorised in the nondeprescribing group. 
The hospital has long been a source of potentially 
inappropriate prescribing.36 Although at first 
glance one might surmise that we selected patients 
with higher Charlson Index to stop medications, 
we also seemed to select the same patients to add 
medications. This is reinforced by the findings in 
the LCA, which identified a subgroup of partici-
pants who experienced different outcomes (worse 
30- and 90-day mortality) from other participants 
(Table 4) with similar demographics. We did not 
measure acuity or disease severity. There could be 
variables more visible at the bedside that cannot be 
detected in routinely collected administrative data, 
an intuition that a patient’s prognosis is worse than 
a Charlson Index might predict and one that 
prompts more dramatic changes in medication 
lists. What is clear, though, is the central role the 
hospital plays in maintaining the problem of poly-
pharmacy. Even clinicians thoughtful about depre-
scribing seemed to add medications before 
discharge. This seems to be a problem many clini-
cians encounter, but of which few take ownership.

We felt the two groups in our cohort were well-
matched for age, gender, and hospital LOS, as 
well as number of medications, and number of 
PIM. But there were several limitations of our 
study worthy of mention, the most important of 
which was the observational method. Also, 
30-day and 90-day follow-up medication lists 
were snapshots; there could have been medica-
tions intended for long-term use which were 
started, then stopped (for example, at the 60 day 
mark). We considered this exposure minimal, 
since a single practitioner is less likely to re-start, 
cease, and then re-start again, long-term 
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medications in this cohort. Furthermore, we 
could not account for medications that might be 
given from the ward stock at a nursing home. 
Some nursing homes do not have a strict culture 
of recording medications given on an as-needed, 
occasional basis. Also, it was not possible to 
determine why medications were ceased: some 
patients might have a medication ceased because 
their prognosis is clearly poor and a shift to com-
fort as a dominant guiding principle is clear; 
some patients have a medication ceased because 
their prognosis is clearly good and the desire to 
maximise function is a dominant guiding princi-
ple (e.g. stopping anticholinergic medications to 
preserve cognitive function). Our greatest limi-
tation, though, was the convenience sampling, 
which reduces the generalisability of our find-
ings.37 Although our two groups appeared the 
same in many ways, there were clear differences 
in the Charlson Index and nonrandom sampling 
creates more opportunity for bias.

This is a foundational study, helping assess the 
local feasibility of recruitment, consent, digital 
data collection, and follow-up for this complex 
group of patients with special needs. Improved 
design and power for a study of deprescribing 
likely requires greater focus on specific medica-
tions in as narrow a group of patients as possi-
ble at similar risk of the outcome of interest. 
Stopping a medication that might be causing 
harm could require a different study design 
from one where the deprescribed medication is 
simply nonbeneficial. Our study will inform the 
design and conduct of larger, more precise ran-
domised trials of deintensification of medica-
tions as people approach the last chapter of life.

In conclusion, deprescribing was not associated 
with a worsening of HRQOL, but deprescribing 
certain classes (antihypertensives or statins) might 
be associated with worse mortality. Deprescribing 
medications for older medical inpatients in the last 
phase of life remains an important, but moving 
target. Long-term regular medications are 
stopped, other long-term regular medications are 
started. In future work, more rigorous methodol-
ogy is needed, similar to that used to demonstrate 
the benefit of prescribing a specific medication in 
the first place. Nonspecific deprescribing might be 
no more beneficial than nonspecific prescribing. 
Studies are required to investigate the specific 
benefits of rigorous deprescribing interventions in 
order to better justify this practice in clinical care.

Editor’s note
The Editor-in-Chief of Therapeutic Advances in 
Drug Safety is an author of this paper, therefore, 
the peer-review process was managed by alterna-
tive members of the Board and the submitting 
Editor had no involvement in the decision-mak-
ing process.
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