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Abstract
Background Health-related quality of life (HRQoL) is an important outcome measure when considering medical treatment; 
however, the impact of polypharmacy on trajectories of HRQoL over time is unknown. This study aimed to investigate the 
association between polypharmacy status and trajectories of HRQoL in older adults.
Methods A longitudinal cohort study of 2181 community-dwelling adults, 65 years and older, who participated in the 2013 
to 2017 waves of the Household Income and Labour Dynamics in Australia (HILDA) Survey. Polypharmacy was defined 
as the regular use of ≥ 5 prescription medications. Polypharmacy status was categorised into no polypharmacy, in 2013 
only (baseline only polypharmacy), in 2017 only (incident polypharmacy) or at both time points (persistent polypharmacy). 
HRQoL was assessed through the SF-36 questionnaire generating two summary scores: physical component summary (PCS) 
and mental component summary (MCS). Linear mixed-effects models stratified according to polypharmacy status and change 
in comorbidities were used to assess trajectories of HRQoL.
Results Older adults with persistent polypharmacy had lowest scores for HRQoL measures from 2013 to 2017. After adjust-
ing for all covariates, those with incident polypharmacy had the steepest annual decline in both the PCS and MCS: − 0.86 
in PCS and − 0.76 in MCS for those with decreasing or stable comorbidities, and − 1.20 in PCS and − 0.75 in MCS for 
those with increasing comorbidities.
Conclusions Polypharmacy was associated with poorer HRQoL, even after adjusting for confounders. Incident polypharmacy 
was found to be associated with a clinically important decline in HRQoL and this should be considered when prescribing 
additional medication to older adults.
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Plain English summary

Older adults are often prescribed multiple medications to 
manage multiple health conditions. When an individual is 
taking five or more medications simultaneously, they are 
considered to be on polypharmacy. There is a growing con-
cern about polypharmacy, particularly in older adults, due 

to its association with undesirable health outcomes. How-
ever, it is unclear how polypharmacy status may impact the 
overall well-being or quality of life of older adults over time. 
In this study, we explored the quality of life of older Aus-
tralians aged 65 years and older. The participants answered 
a detailed questionnaire annually from 2013 to 2017. The 
results from this study indicate that greater exposure to poly-
pharmacy may be associated with reduced quality of life and 
this was deemed to be clinically important. Moreover, those 
who were later exposed to polypharmacy during the study 
period were found to have the sharpest decline in their qual-
ity of life over time.
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Introduction

Multimorbidity is common in older adults leading to the 
concurrent use of multiple medications or polypharmacy [1, 
2]. Polypharmacy is commonly defined as the use of five or 
more regular medications [3–5] and is inherently dynamic 
depending on the health status of the patient [4]. A recent 
study in Australia found that the most commonly used types 
of medications in older adults with polypharmacy were 
medications for the cardiovascular system followed by ali-
mentary tract and metabolism, and the nervous system [4]. 
Polypharmacy may be a necessity when managing multi-
morbidity [5]; however, it has been associated with negative 
impacts on health especially in vulnerable older adults [5]. 
Polypharmacy has been linked to multiple undesirable health 
outcomes including falls, hospitalisation, and mortality 
[5–7]. Polypharmacy may be the result of a disease-centred 
approach with clinicians adhering to multiple, concurrent 
disease-specific guidelines [8, 9].

Person-centred care is gaining traction as the treatment 
approach for all individuals, including older adults with mul-
tiple chronic conditions [8]. Such an approach is focused on 
achieving patients’ specific health outcomes as it involves 
the patient in the decision-making process, aligning medical 
interventions with what matters most to them [8, 9]. This can 
include assessing health-related quality of life (HRQoL). 
The concept of HRQoL is often described as a measure of 
the individual’s perception of life taking into considera-
tion different aspects of their health including physical and 
mental health, cognitive and emotional status, and overall 
general health [10]. HRQoL has been identified as one of 
the most important outcome measures for patients when 
considering medical treatment including pharmacological 
therapy [6, 11–13]. Multiple factors that are linked to polyp-
harmacy initiation or consequence, including age, comorbid-
ities, physical and cognitive functional level, social status, 
education, and standard of living, have also been reported 
to influence HRQoL [14–20]

Despite this, the impact of polypharmacy on HRQoL 
receives little attention. As both polypharmacy status and 
HRQoL may change over time, especially in older adults, 
longitudinal studies with adequate follow-up periods are 
needed to assess this association. Results from previous 
research, which has been limited to cross-sectional studies 
and specific subgroups, have been inconsistent [14, 21–25]. 
Thus, the aim of this study was to investigate the association 
between polypharmacy status and trajectories of HRQoL 
in community-dwelling older adults. We hypothesised 
that greater exposure to polypharmacy would be associ-
ated with poorer HRQoL compared to those who never had 
polypharmacy.

Methods

Study population

This cohort study was based on data from the Household 
Income and Labour Dynamics in Australia (HILDA) Survey. 
In the present study, HRQoL was assessed annually from 
2013 to 2017, and polypharmacy status was assessed in 2013 
and 2017. Briefly, the HILDA survey is one of the largest 
longitudinal surveys in Australia that collects information 
from community-dwelling participants covering a wide 
range of dimensions from family relationships and finance 
to health and education. Further details about the survey 
and its methodology have been reported elsewhere [26]. The 
sample population included in the present study were older 
adults aged 65 years and over who participated in 2013, had 
medication history recorded, and complete information on 
covariates at baseline and at follow-up. Participants who do 
not satisfy any of these criteria were excluded.

Study sample

A total of 17,501 participants completed wave 13. Of these, 
3021 (17.3%) were aged 65 years and older and identified as 
potential participants. Of these, 2645 (87.6%) had complete 
information on covariates. Those who were excluded due 
to incomplete information at baseline (n = 376) were older, 
less educated, less likely to be married, and more socially 
active. Of the initial 2645, 464 were excluded due to missing 
covariates at follow-up. Overall, 2181 participants fulfilled 
the inclusion criteria and were included in the final analysis. 
Figure 1 shows a flow chart of the study.

Polypharmacy status

In Australia, the Pharmaceutical Benefits Scheme (PBS) 
provides universal health care that allows all citizens and 
permanent residents to access a range of subsidised health-
care services including subsidised medicines [27]. In the 
present study, the use of regular prescription medications 
was measured in 2013 and 2017 only, and this was obtained 
from responses to the question: “All together, how many 
prescription medications do you take on a regular basis?”. 
In this study, polypharmacy was defined as the concur-
rent use of five or more regular prescription medications 
[3]. Participants with polypharmacy at neither baseline nor 
follow-up were classified as ‘no polypharmacy’; those with 
polypharmacy in 2013 only were classified as ‘baseline only 
polypharmacy’; those with polypharmacy in 2017 only were 
classified as ‘incident polypharmacy’; and those with poly-
pharmacy at both time points were classified as ‘persistent 
polypharmacy’.
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Health‑related quality of life (HRQoL)

HRQoL was assessed in HILDA through the Medical Out-
comes Study Short Form (SF-36). The SF-36 is one of 
the most widely used measures of HRQoL [28]. Detailed 
description of SF-36 has been explained elsewhere [29]. 
Briefly, it is a self-completed questionnaire comprising 36 
items that cover eight domains including general health, 
pain, vitality, social, mental and physical function, and role 
limitation due to emotional or physical health. Using factor 
analysis of the eight scales, two summary scores of health 

known as the physical component summary (PCS) and the 
mental component summary (MCS) were generated. Tradi-
tionally, scores from all domains are combined and trans-
formed to generate PCS and MCS. However, as explained 
by Dockery et al. this may lead to inaccurate results in older 
adults [30]; for instance, in the factor analysis, the physical 
function domains negatively correlate with mental health, 
and hence, MCS scores would increase, not necessarily due 
to improvement of mental health but rather because of dete-
rioration of physical function [30]. Therefore, in the present 
study, PCS scores were calculated from the four subscales 
that were positively correlated with physical function in the 
factor analysis. Those subscales were role-physical, bodily 
pain, physical functioning and general health. Similarly, 
MCS scores were calculated from the four subscales that 
were positively correlated to mental health in the factor anal-
ysis. Those subscales included vitality, social functioning, 
role limitations and mental health. A higher score (ranging 
from 0 to 100) on a component reflects a better HRQoL [29]. 
The SF-36 scores reported in HILDA have been previously 
validated to support their use as general measures of physi-
cal and mental health status in the Australian population 
[28].

Covariates

Covariates included age, gender, education level, marital 
status, comorbidities, socio-economic status, and lifestyle 
behaviours at baseline (2013). Education was dichotomised 
into high school (i.e. 12 years of education) or higher vs 
less than high school. Marital status was dichotomised into 
‘married/defacto’ vs ‘single/separated/divorced/widowed’. 
Number of comorbidities was obtained from questions that 
assessed the presence of a diagnosis of arthritis, asthma, 
any type of cancer, chronic bronchitis and/or emphysema, 
depression and/or anxiety, type 1 diabetes, type 2 diabe-
tes, hypertension, heart disease, or other serious circulatory 
condition, e.g. stroke. These comorbidities were included as 
they are likely to impact HRQoL [31]. Change in comorbidi-
ties was calculated as the difference in number of comor-
bidities between 2013 and 2017, and categorised as ‘stable/
decrease’ and ‘increase’. Socio-economic Index For Areas 
(SEIFA) is a relative measure of socio-economic advantage 
and disadvantage of areas in Australia provided by the Aus-
tralian Bureau of Statistics [32]. SEIFA has multiple indices; 
in HILDA, the Index of Relative Socio-Economic Advan-
tage and Disadvantage (IRSAD) was used [26]. Detailed 
explanation of SEIFA and its indices is reported elsewhere 
[32]. Briefly, IRSAD provides a summary measure of rela-
tive socio-economic advantages and disadvantages experi-
enced, on average, by individuals living in that area [32]. For 
example, an area with majority of the households with low 
income or unskilled occupations, and few households with 

Fig. 1  Flow chart of the study participants
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high income or skilled occupations would generally have a 
low score indicating a relatively greater disadvantage and a 
lack of advantage [32]. We treated SEIFA-IRSAD deciles as 
a continuous variable ranking areas from 1 (most disadvan-
taged) to 10 (most advantaged). Physical activity was meas-
ured as the number of days participants engaged in mod-
erate or intensive physical activity for at least 30 minutes.
This was included in the analysis as a dichotomous variable: 
‘3 days a week or more’ or ‘less than 3 days a week’. Social 
life was measured by asking participants how often they get 
together socially with friends or relatives not living with 
them, and was dichotomised into ‘once a month or less’ or 
‘more than once a month’. Frequency of alcohol intake was 
dichotomised into: drinking on ‘less than 5 days a week’ or 
‘5 or more days a week’. Lastly, smoking was dichotomised 
into ‘smoker’ or ‘non-smoker’.

Statistical analysis

Baseline characteristics were described according to poly-
pharmacy status and reported as means and standard devia-
tions (SDs), or frequencies and percentages, as appropriate. 
Linear mixed-effects models were used to model the change 
in PCS and MCS scores from 2013 to 2017. Models were 
stratified according to polypharmacy status (none/baseline 
only/incident/prevalent) and change in comorbidities (stable/
decrease vs. increase), resulting in 8 strata. The final models 
included intercept and slope (time) as random effects. Vari-
ances of the residuals and random effects were assumed to 
be uncorrelated. Allowing the random intercept and random 
slope to be correlated resulted in non-convergence of the 
models. For the stratum ‘baseline only polypharmacy and 
increased comorbidities’, the model contained a random 
intercept only due to the small sample size of this stratum. 
Time was based on the exact date of interviews. A quadratic 
slope was tested but was not significant. Hence, HRQoL 
trajectories were modelled as a linear function of time in 
years with 2013 as time = 0. Assumptions of linearity, homo-
scedasticity and normality of residuals were confirmed by 
visual inspection of graphs. The main analysis was adjusted 
for baseline comorbidities, education, marital status, SEIFA 
decile, social life, physical activity, smoking and alcohol 
intake. All covariates were mean centred and included as 
intercept and slope predictors. The results of these models 
were reported as estimated fixed effects (β value) and 95% 
confidence intervals (CIs). To assess the impact of different 
definitions of polypharmacy on the observed results, we con-
ducted a sensitivity analysis in the incident polypharmacy 
model using different cut offs for polypharmacy (i.e. defin-
ing polypharmacy as ≥ 3, ≥ 4, ≥ 6, and ≥ 7 medications). All 
analyses were conducted using the Statistical Package for 
the Social Sciences (SPSS) version 25 (IBM Corp Armonk, 

NY) and GraphPad Prism 9.2.0 for Windows, GraphPad 
Software, San Diego, California USA.

Results

Overall, the study included 2181 participants at baseline, 
with a mean age of 72.8 (SD 6.3) years and 54.8% were 
female (Table 1). The majority of the sample did not have 
polypharmacy (61.9%), baseline only polypharmacy was 
present in 5.7%, incident polypharmacy in 11.2% and per-
sistent polypharmacy in 21.1%. The average scores of PCS 
and MCS over the whole study period are reported in sup-
plementary Table S1. The prevalence of different chronic 
diseases at baseline is reported in Table S2.

At baseline, both PCS and MCS were highest in the 
group without polypharmacy and lowest for the group with 
persistent polypharmacy in those with stable/decrease in 
comorbidities in the fully adjusted models (Fig. 2). The 
steepest decline in SF-36 components was seen in the inci-
dent polypharmacy group: − 0.86 in PCS and − 0.76 in 
MCS (Tables 2 and 3). Over the 4-year study period, this 
equated to a decline of − 3.44 in PCS and − 3.04 in MCS. 
Those without polypharmacy were more homogenous than 
other polypharmacy groups, based on the sizes of the ran-
dom effects.

Similarly, the steepest decline for those who had an 
increase in comorbidities was seen in the incident polyp-
harmacy group: − 1.20 in PCS and − 0.75 in MCS, equating 
to a decline of − 4.80 in PCS and − 3.00 in MCS over the 
four years of the study period (Figure S1; Tables S3 and 
S4). The age and sex adjusted models are reported in Tables 
S5, S6, S7, S8. The results obtained from the sensitivity 
analysis, which examined different polypharmacy cut offs in 
the incident polypharmacy model, showed similar findings 
(Supplementary Tables S9.1–4).

Discussion

To our knowledge, this national study of older adults is the 
first to investigate trajectories of HRQoL by polypharmacy 
status. It found that greater exposure to polypharmacy was 
associated with poorer HRQoL. Moreover, incident users 
of polypharmacy showed a significantly steeper decline 
in HRQoL over time compared to people who were not 
exposed to polypharmacy.

Our finding that polypharmacy was associated with a 
lower HRQoL is in line with previous research [14, 21, 33, 
34]. This is plausible as polypharmacy not only reflects 
multimorbidity and disease severity, but also increased risk 
of drug-drug and drug-disease interactions, adverse drug 
events, and inappropriate prescribing. In contrast to our 
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findings, Lalic et al. reported no association between polyp-
harmacy (when defined as ≥ 9 regular medications) and staff 
informant-rated HRQoL in residents of aged care services 

[23]. These conflicting findings could be due to the different 
definitions of polypharmacy used and/or due to the different 
settings in which the studies were conducted.

Table 1  Baseline characteristics of participants by polypharmacy status

SEIFA-IRSAD Socio-Economic Indexes for Areas-Index of Relative Socio-Economic Advantage and Disadvantage, SD standard deviation, QoL 
quality of life, PCS Physical component summary, MCS Mental component summary

Polypharmacy status

Overall (n = 2181) No polypharmacy
(n = 1351, 61.9%)

Baseline only 
polypharmacy
(n = 125, 5.7%)

Incident polyp-
harmacy
(n = 245, 
11.2%)

Persistent 
polyphar-
macy
(n = 460, 
21.1%)

Demographics
 Age, mean (SD), years 72.8 (6.3) 71.9 (6.0) 74.0 (6.5) 74.2 (6.8) 74.2 (6.5)
 Female, n (%) 1195 (54.8) 740 (54.8) 75 (60.0) 127 (51.8) 253 (55.0)
 High school education or above, n (%) 1176 (53.9) 771 (57.1) 59 (47.2) 129 (52.7) 217 (47.1)
 Comorbidities at 2013, mean (SD) 1.66 (1.3) 1.15 (1.0) 2.14 (1.0) 1.78 (1.1) 2.96 (1.4)
 Comorbidities at 2017, mean (SD) 1.88 (1.4) 1.33 (1.0) 2.13 (1.1) 2.37 (1.2) 3.15 (1.5)
 Medications, mean (SD) 3.5 (3.1) 1.8 (1.3) 7.0 (2.8) 3.0 (1.2) 7.5 (2.8)
 Married, n (%) 1365 (62.6) 888 (65.7) 71 (56.8) 143 (58.4) 263 (57.2)
 Socialises > once a month. n (%) 1791 (82.1) 1132 (83.8) 93 (74.4) 197 (80.4) 369 (80.2)
 SEIFA- IRSAD, mean (SD) 5.4 (3.0) 5.6 (3.0) 4.8 (2.7) 5.2 (3.0) 4.7 (2.8)
 Physical activity ≥ 3 times a week, n (%) 1090 (50.0) 781 (57.8) 50 (40.0) 118 (48.2) 141 (30.7)
 Smoking, n (%) 131 (6.0) 73 (5.4) 7 (5.6) 21 (8.6) 30 (6.5)
 Alcohol intake ≥ 5 days per week, n (%) 574 (26.3) 374 (27.7 30 (24.0) 67 (27.3) 102 (22.2)

QoL summary measures
 PCS 43.8 (12.7) 48.1 (10.6) 38.6 (11.6) 41.3 (11.9) 33.3 (12.1)
 MCS 50.8 (11.5) 54.1 (9.7) 47.1 (11.8) 49.3 (10.5) 42.8 (12.6)

QoL measures, mean (SD)
 General health 63.94 (21.6) 71.4 (17.9) 57.8 (21.0) 59.2 (19.4) 46.2 (21.0)
 Mental health 78.5 (16.2) 81.8 (14.5) 75.2 (16.7) 77.6 (14.6) 70.4 (18.2)
 Physical functioning 68.3 (25.5) 76.5 (21.3) 59.2 (24.0) 64.1 (24.1) 48.5 (25.8)
 Social functioning 80.4 (24.5) 86.8 (20.6) 74.7 (25.5) 77.6 (23.0) 64.9 (27.9)
 Vitality 61.2 (20.0) 67.0 (17.7) 55.2 (19.2) 58.2 (18.4) 47.4 (19.7)
 Bodily pain 63.8 (25.0) 70.4 (22.2) 56.5 (24.9) 60.6 (24.2) 47.9 (25.3)
 Role-physical 60.4 (43.3) 72.7 (38.7) 43.3 (42.4) 53.2 (43.8) 32.5 (40.4)
 Role-emotional 80.1 (35.7) 87.0 (29.2) 69.1 (41.2) 78.2 (36.9) 63.9 (43.8)

Fig. 2  Quality of life trajectories in older adults with stable/decrease in comorbidities by polypharmacy strata. PCS physical component sum-
mary, MCS mental component summary
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The reason why incident polypharmacy was associated 
with a steeper decline in HRQoL needs further research. 
This association is noteworthy as polypharmacy incidence 
increases with age. In a prospective cohort study conducted 
in Sweden, authors noted that 20% of older adults who were 
free of polypharmacy at baseline, became exposed to poly-
pharmacy during the next year [18]. In the present study, we 
found those who were exposed to polypharmacy at follow-
up had a steeper decline in HRQoL compared to the other 
groups. In fact, over time those with incident polypharmacy 
developed low PCS and MCS scores that were comparable 
to those with persistent polypharmacy. This finding may be 
due to the patient's health worsening with onset of other 
comorbidities or worsening of existing comorbidities; how-
ever, the association remained significant even after we 
adjusted for change in comorbidities in our analysis. It may 
be plausible that the deterioration in PCS and MCS might 
have been less severe in a patient-centred and integrated care 
service; however, a previous study found receiving person-
centred and integrated care had no clinical benefit in health 
and wellbeing of older adults living in the community after 
following them for 12 months [35]. The authors of that study 
suggested the duration of such an intervention may require a 
longer follow-up time to detect its benefits [35].

In the present study, over four years of follow-up we 
found a decline of − 3.44 in PCS and − 3.04 in MCS for 
those with incident polypharmacy with stable/decrease in 
comorbidities, and − 4.8 in PCS and − 3.0 in MCS for those 
with incident polypharmacy with increase in comorbidities. 
The minimally important difference (MID) refers to the 
smallest change in PCS or MCS scores that would lead to a 
clinically relevant change. For the general population, a MID 
of 2 points in PCS and 3 points in MCS has been reported 
[36]. These findings show that introducing polypharmacy is 
associated with a clinically relevant decline in the physical 
and mental components of HRQoL measures. Moreover, a 
previous US cohort study found that a 1-point lower score on 
some HRQoL measures, such as PCS scores, was associated 
with a 9% increased risk of mortality in patients with dia-
betes mellitus [37]. Future studies are needed to investigate 
the MID in HRQoL measures for older adults with chronic 
disease and polypharmacy.

Since older adults are reported to be at increased risk 
of adverse drug events from polypharmacy [38, 39], and 
considering the significant rate of decline in HRQoL seen 
in the present study, patients with incident polypharmacy 
may benefit from different treatment approaches [2]. This 
includes a more patient-centred approach with a regular 
assessment of polypharmacy appropriateness [40], and a 
more proactive treatment plan where patients, and pos-
sibly carers, are involved in a regular assessment of their 
current medications and HRQoL. This will help identify 
opportunities to intervene and may potentially facilitate 

trials of non-pharmacological interventions, and use of 
fewer medications [40]. Moreover, interventions that target 
polypharmacy should consider those with polypharmacy 
as well as those at risk of being exposed to it.

In addition, we also noted those with baseline only 
polypharmacy had a lower HRQoL when compared to 
those with no polypharmacy at baseline. Previous research 
has shown that interventions that reduce the number of 
medications do not necessarily lead to improved HRQoL 
[41]. Unlike other factors that may impact HRQoL, poly-
pharmacy is potentially modifiable. Policy makers and the 
health system should support programmes that address 
polypharmacy such as those that incorporate structured 
medication reviews to optimise existing pharmacological 
and non-pharmacological therapies for older patients, for 
example, through allocating sufficient funding to those 
programmes [42, 43]. Furthermore, clinicians treating 
older adults should anticipate there may be a long-last-
ing influence of polypharmacy on HRQoL, and consider 
regular medication reviews as early as possible, where 
appropriate.

A major strength of the present study was the large 
nationally representative sample and the use of longitudinal 
data with a long follow-up time. In addition, to the best of 
our knowledge, this study was the first to look at trajectories 
of HRQoL by polypharmacy exposure status. Nevertheless, 
there were some limitations to note. Firstly, the HILDA sur-
vey only assessed the total number of prescription medi-
cations, and hence data on the use of complementary and 
over-the-counter medications were not accounted for in the 
present study. In addition, medication use was based on 
patient self-report which may introduce recall bias. Also, 
it was not possible to determine the level of adherence to 
medications from the data collected in HILDA. Furthermore, 
due to lack of information, it was not possible to consider the 
type of medications used by each participant and whether 
or not they were clinically appropriate. Another limitation 
to this study was the inability to adjust for the severity of 
comorbidities in the main analysis, so the HRQoL trajecto-
ries observed in our study might, in part, have resulted from 
changes in these factors. Lastly, another limitation to the 
study is the possible selection bias that may have resulted 
from the loss of follow-up either due to death or dropping 
out.

In this study of community-dwelling older adults, greater 
exposure to polypharmacy was associated with lower 
HRQoL. Moreover, incident polypharmacy was associated 
with a clinically relevant decline in HRQoL over time. Clini-
cians should carefully consider the impact introducing poly-
pharmacy may have on a patients’ quality of life.
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