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Background: Although multiple medications are often utilized to achieve optimal treatment outcomes, polypharmacy
(use of five or more medications) among older population is associated with several detrimental effects. Trajectories
of polypharmacy among older population over time has not been described.
Objective: This study estimated polypharmacy prevalence and clusters of individuals with similar patterns of change in
polypharmacy among a cohort of older Australian women with and without dementia.
Method: Longitudinal prospective cohort data from the oldest birth cohort (1921–1926) of the Australian Longitudinal
Study on women's Health (ALSWH) were analysed. Survey data were linked with Pharmaceutical Benefit Schemes
(PBS) data to obtain information about the type and number of prescription medications for each year 2003–2015.
Group based trajectory modelling was used to identify distinct trajectory groups, based on the presence of
polypharmacy for each year of observation. Trajectories were named based on distinctive and meaningful subgroups
that followed approximately the same developmental course and probability assignment rule. Generalized estimating
equation was used to identify factors associated with polypharmacy.
Results: A total of 10,372 women were eligible for the inclusion in the study. Prevalence of polypharmacy increased
over time and reached as high as 71.19% and 71.29% in 2014 for women with and without dementia, respectively.
Four distinct polypharmacy trajectories were identified: ‘Consistent Polypharmacy’ (55.88%); ‘Low Polypharmacy’
(24.52%); ‘Rapid Increasing Polypharmacy’ (12.50%); and ‘Moderate Polypharmacy’ (7.12%). Dementia, Residential
Aged Care (RAC), frailty and comorbid condition were the key drivers of polypharmacy in this cohort.
Conclusion: The prevalence of polypharmacy among older women increased over time, with most women have a pat-
tern of consistent polypharmacy or rapidly increasing polypharmacy. Appropriate, sustainable, and effective strategies
for reducing medication use should be implemented for women as they age, and particularly for those with dementia
and those in residential care.
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1. Introduction

Older people tend to use a large number ofmedications as they live with
several chronic conditions, requiringmultiplemedication therapies to cure,
slow the progression or reduce the symptoms of each disease.1 When sev-
eral medications are used concurrently, it is referred to as polypharmacy,
which is often linked to inappropriate prescribing, adverse effects (AEs),2

preventable and unplanned hospitalisation,3 frailty and impaired
cognition.4,5 These risks also increase with the age-associated decline in
changes in health status and physiological function. Frailty also overlaps
with comorbidity and is associated with increased risk of AEs and poor
health outcomes.6,7 However, it should be noted that adverse outcomes of
polypharmacy do not depend solely upon exposure to the number of med-
ications but also to the pharmacokinetic and pharmacodynamic profile of
nal Health and Ageing, HMRI, Univer
liya).
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medications. This includes the mechanism of action (drug class), half-life,
dose response, maximal effect and drug–drug interactions; these are vari-
able according to age, sex and other individual characteristics.8 Given
these multiple considerations, it is debated that the number of medications
prescribed to older people in and of itself is not the problem as long as the
right combination of medications is prescribed.9 Polypharmacy can there-
fore be classed as being of two types: appropriate polypharmacy (‘many
drugs’) and inappropriate polypharmacy (‘too many drugs’).10

There is no single agreed definition of polypharmacy11; however, use of
five or more medications has been supported as a definition of
polypharmacy to estimate the risk of medication-related adverse effects
such as frailty, disability, mortality and falls.12,13 Polypharmacy has also
been defined as five or more drugs, excluding topical dermatological, oph-
thalmological, vitamin and mineral supplements14; other studies have
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defined concurrent use of five to nine drugs as polypharmacy, and ten or
more drugs as hyperpolypharmacy.15,16

In Australia, the prevalence of polypharmacy increased from 33.2% in
2006 to 36.2% in 2017 among the general older population aged 70 or
more,12 and is set to rise.17 People with dementia have even higher rates
of polypharmacy due to multiple comorbidities requiring several medica-
tions, and sometimes due to addition of drugs to manage dementia or re-
lated symptoms.18 A cross-sectional study of the Danish population (age >
65) showed that polypharmacy is more likely to occur among people with
dementia compared to peoplewithout dementia (62.6%Vs 35.1%).19 Prev-
alence of polypharmacy is also higher among older people residing in long-
term care facilities, many of whom have dementia.20 A study conducted in
Canada reported that residents of long-term care facilities aged 66 years
and above received nine or more concurrent medications, with more med-
ications for those with multiple chronic conditions.20

Previous longitudinal studies on polypharmacy in Australia12 and
internationally5 have estimated overall prevalence of polypharmacy over
time12 and associations between polypharmacy and outcomes such as
frailty.5 However, these studies did not assess within-individual changes
in polypharmacy over time. Investigating variations in polypharmacy pat-
tern (or trajectories) can be useful in identifying the vulnerable groups
and designing necessary interventions.

Group Based Trajectory Modelling (GBTM) reports the course of an out-
come over age or time and is utilized to identify clusters of individuals and
trajectory groups, who have followed a similar developmental trajectory on
an outcome of interest. This method determines the form and number of
groups that best fit the data and provides a metric for assuring the precision
of group assignments. Prediction of the trajectory of each group estimates
the probability of membership for each individual of a group and assigns
them to the group for which they demonstrate the highest probability.21

In this study, Group Based Trajectory Model (GBTM), was used to identify
clusters of individuals with similar patterns of change in polypharmacy
among women in the 1921–26 birth cohort of the Australian Longitudinal
Study on Women's Health (ALSWH). Potential health and non-health-re-
lated predictors of polypharmacy among these women were also
investigated.

2. Method

Data from the 1921–26 birth cohort of the ALSWH, a longitudinal pro-
spective cohort study, were analysed. Participants were randomly sampled
through Medicare Australia, the national health insurer's database. They
have been surveyed every three years from 1996 until 2011, and six-
monthly thereafter. Women in the survey were found to be broadly repre-
sentative of women of a similar age in the Australian population.22 The
ALSWH has also gained approval to access national and state-based admin-
istrative datasets such as the Medicare Benefits Schedule (MBS), Pharma-
ceutical Benefits Scheme (PBS), National Death Index (NDI), Aged-Care
Datasets, Cancer Registry and Admitted Patient Data Collection (APDC).23

Ethics approval was granted by the University of Newcastle and the Univer-
sity of Queensland for ALSWH and data linkage has been approved by the
Australian Institute of Health and Welfare (AIHW) and relevant state-
based ethics committees.

Women with dementia were identified from multiple data sources
(ALSWH survey, Aged Care, APDC, and NDI data) following methods de-
scribed by Waller et al.24 Given that our study focused on pharmaceutical
use bywomenwith dementia, PBS datawere not used to identify dementia.
However, very few cases were identified through PBS alone, andmore than
60% of women with dementia were identified by more than one data
source. Aged-care data were the most common source of ascertainment in
combination with other sources (>70%) or as the sole source (15%).
Fewer than 1% of cases were solely ascertained from self-reported survey
data. To address potential sources of bias in ascertaining dementia cases
(e.g., under-reporting through survey only), multiple data sources were
used to identify women with dementia. Eligibility for this study required
women to be alive until 2003 and provided consent for data linkage.
2

Participating women's ages were 77 to 82 years in 2003 and 89 to 94
years in 2015.

2.1. Pharmaceutical use

Generic drug names, supply date and year and ATC codeswere obtained
from the PBS dataset.25 The PBS includes fully subsidised drugs since 2002
and all prescriptions since 2012. However, most prescriptions would be
fully subsidised and captured in the data, as around 98% of the women
had some form of concession status for health care. For this study, data
from the oldest birth cohort (1921–1926) of the ALSWH were linked with
PBS data to obtain information about the type and number of prescription
medications for each year 2003–2015.

2.2. Polypharmacy

Polypharmacy was defined as prescriptions for five or more unique
medications for each observation period. The definition was consistent
with previous literature,14 and is also one of the most commonly reported
definitions for polypharmacy.11 Antidementia medications were excluded
from the polypharmacy count to have comparable analyses between
womenwith and without dementia. Antibiotics, medications for topical ap-
plications, vitamins, herbal medications and dietary supplements were ex-
cluded as these are not often considered in traditional methods of
assessing prescribing quality and are inconsistently included in
polypharmacy measures.26 In addition, the PBS dataset does not capture
over-the-counter medications records. Anatomical Therapeutic Chemical
(ATC) codes were counted for each individual for each year from the year
2003 to 2015.

2.3. Sociodemographic predictors/variables

Participants' educational qualification status was obtained fromALSWH
Survey 1 (1996) and categorised into three groups: Higher (university de-
gree/high university degree), Trade Certificate/diploma, and High School
or below.

Other variables were created for each year, taken from the most recent
ALSWH survey for the period 2003 to 2015. These included:

Area of residence: Major city, inner regional, outer regional/rural/
remote.

Marital status: Married and de facto (in a relationship) were considered
‘Partnered’ whereas separated, divorced, widowed, and never married
were grouped under ‘Non-partnered’.

The number of chronic diseases (0 or 1, 2 or more) was based on re-
sponses to questions ‘Have you ever been told by a doctor that you
have…’ and ‘Have you ever been diagnosed or treated for…’ with the re-
sponse options diabetes, heart disease, hypertension, osteoporosis, cancer,
arthritis for both questions.

General Practitioner (GP) visits were categorised for each year as ‘Low’
(less than five) and ‘High’ (five or more).

Residential Aged Care (RAC) status: was obtained from age care data
where start date and end date to RAC were used to assess whether they
were in RAC for the particular year.

Medication review:Women utilising any of the services of theMBS item
numbers (900, 903, 245, 249, 132, 133) at least once in a particular year
were considered as having medication review for that year.

Frailty (Scores: 0, 1, 2, 3, 4, and 5) was calculated from the survey clos-
est to the date of thefirst dementia indicator (2005, 2008 or 2011) based on
deficits in five domains. The domains were fatigue (feeling worn out), resis-
tance (ability to climb a single flight of stairs), ambulation (ability to walk
100 m), illnesses (>5), and loss of weight of more than 5%.27 This score
was used to reflect the phenotype definition of frailty.28,29 Frailty scores
>2 were considered frail.27 Information about baseline demographic char-
acteristics (year 2003) were obtained from Survey 3 of the ALSWH (2002;
age 76–81). Missing values were filled with information from preceding
surveys (Survey 2 or 1) where appropriate. However, for the GEE analysis,
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variables like frailty, RAC status, dementia, chronic diseases, medication re-
view, GP visits were obtained from the closest survey for the years from
2003 to 2015. A list of variables and relevant datasets can be found in Sup-
plementary Table S1.
2.4. Statistical analysis

Descriptive analyses using frequencies and medians were performed
wherever appropriate. Comparisons of sample characteristics were per-
formed using chi-square and Wilcoxon signed-rank test. A dichotomised
yearly indicator for polypharmacy was used in the logistic GBTM. The
model allows simultaneous use of several multinomial logistic regression
equations to estimate the probability of membership in each group and
the probability of indicating polypharmacy as a function of time.30 Groups
of individuals who followed similar patterns arising from their probability
of polypharmacy from 2003 to 2015 were identified. Individuals were
assigned to mutually exclusive groups based on their patterns of
polypharmacy over time using the maximum-probability assignment rule;
they were assigned to the group for which their probability of membership
was highest. The Bayesian Information Criterion (BIC), group size and pre-
dictability of group membership was used to select the appropriate number
of groups.31 In addition, the effect of the addition of groups on the BIC value
was assessed incrementally. Trajectory shapes were adjusted using higher-
or lower-order terms (linear, quadratic, or cubic), depending on the signif-
icance of those terms.

Details on the SAS procedure for group-based trajectory analysis have
been described elsewhere.32 Multicollinearity among independent vari-
ables was assessed using Variance inflation factor (VIC). All statistical anal-
yses were performed using SAS version 9.4, at an a priori significance level
of 0.05.

A set of polypharmacy patterns (or trajectories) were selected and
named based on distinctive and meaningful subgroups that followed ap-
proximately the same developmental course and probability assignment
rule. The group membership based on their pre-existing or baseline charac-
teristics were then explored. The demographic variables were baseline age,
area, level of education and marital status.
2.5. Supplementary analysis

A series of longitudinal Generalized Estimating Equation (GEE) models
were applied to estimate the associations between the aforementioned var-
iables and polypharmacy, taking into account time. All variables were en-
tered individually as main effects into separate models to produce
unadjusted effect estimates. Then a final multivariate model was run
which included all variables as main effects. In all models, polypharmacy
status was the binary outcome, a logit link function was used, time (year)
was included as amain effect and observationswere clustered based on par-
ticipant ID. Odds ratios and 95% confidence intervals were calculated for
all effect estimates. Variable selections was carried out based on clinical im-
portance identified through extensive examination of the existing
literature.5,8,12,18 A p-value of 5% was applied to determine statistical
significance.
Fig. 1. Progression of polypharmacy with attrition by to death among women in
ALSWH's old birth cohort, N = 10,372, 2003–2015. Women were aged 77–82 in
2003 and 89–94 in 2015. The figure also includes attrition due to death.
3. Results

The cohort contained 12,342 women enrolled in the ALSWH in 1996.
The final cohort, after excluding those deceased before 2003 (n = 1349)
and those who denied consent for PBS data linkage (n = 711), comprised
10,372 women (See Supplementary Fig. S1). The participating women's
mean baseline age was 79 (SD= 1.49) ranging from 77 to 82. The propor-
tion of the cohort included in this analysis that had deceased during the ob-
servation period ranged from 3.11% in 2004 to 55.33% in 2015. Baseline
demographic and clinical characteristics are shown in Table 2.
3

3.1. Prevalence of polypharmacy

Prevalence of polypharmacy at baseline was 57.68% for women with
dementia and 55.24% for women without dementia; however, 4.08% of
women with dementia at baseline were also on antidementia drugs. Preva-
lence of polypharmacy increased consistently throughout the observation
period and reached as high as 71% in 2014 before slightly dipping in
2015 (67%) for womenwith dementia. Fig. 1 and Table 1 illustrate the pro-
gression of polypharmacy from 2003 (ages 77 to 82) to 2015 (ages 89 to
94) and accounting for attrition due to death.

3.2. Polypharmacy trajectory

Based on the BIC and the expected patterns from real-world practice and
literature, the model with four polypharmacy groups was used for further
analysis to identify the predictors of polypharmacy.21,31 When four
polypharmacy trajectories were considered (see.

Fig. 2), the groups included Group 1 with ‘low polypharmacy’
(24.52%); Group 2 with ‘moderate polypharmacy’ (7.12%); Group 3, that
had ‘consistent polypharmacy’ (55.88%) and Group 4, that had ‘rapidly in-
creasing polypharmacy’ (12.5%). The best-fitting model had an observed
BIC of −32,655.82.

The low polypharmacy group began with a 2% probability of
polypharmacy in 2003 (ages 77–82), which remained under 5% until
2008, then gradually increased thereafter to a maximum of 30% in 2015
(ages 89–94). The moderate polypharmacy group began with a 60% prob-
ability of polypharmacy, which negligibly decreased over time, reaching a
48% probability at the end of the observation period. The consistent
polypharmacy group maintained the highest probability of polypharmacy
across the observation period, with around 50–60% of the women having
polypharmacy in any year. The rapidly increasing polypharmacy group
began with a 11% probability of polypharmacy in 2003, which skyrocketed
to 74% in 2010 and 96% in 2015.

The baseline characteristics of the patients in each trajectory group are
shown in Table 2. There were significant differences in the demographic
characteristics of the study population across the four groups except for
marital status. Dementia was significantly associated with group member-
ship, however this represents baseline dementia and does not consider de-
mentia as a time varying covariate and this also applied to residential aged
care status. Subsequent supplementary analysis using GEE accounts for in-
cident dementia and aged care admissions.

3.3. Results for supplementary analysis

GEE analysis showed that polypharmacy increased with time. Table 3
shows the unadjusted and adjusted odds ratios for the relationship between
polypharmacy and the associated predictor variables. Womenwith demen-
tia were more likely to have polypharmacy (OR 1.12; 95% CI 1.00–1.26),



Table 1
Progression of polypharmacy among women with and without dementia, 2003–2015 (N = 10,372).

Year Number with dementia Polypharmacy (%) Number without dementia Polypharmacy (%) Dead (%)

2003 423 244 (57.68) 9949 5496 (55.24) 0
2004 549 307 (55.91) 9502 5501 (57.89) 321 (3.09)
2005 697 404 (57.96) 9026 5168 (57.25) 649 (6.25)
2006 798 462 (57.89) 8562 5075 (59.27) 1012 (9.75)
2007 927 555 (59.87) 8044 4940 (61.41) 1401 (13.50)
2008 1165 781 (67.03) 7390 4646 (62.86) 1817 (17.51)
2009 1243 851 (68.46) 6867 4378 (63.75) 2262 (21.80)
2010 1351 939 (69.50) 6308 4121 (65.32) 2713 (26.15)
2011 1486 1055 (70.99) 5660 3804 (67.20) 3226 (31.11)
2012 1455 1032 (70.92) 5115 3528 (68.97) 3802 (36.65)
2013 1367 965 (70.59) 4555 3186 (69.94) 4450 (42.90)
2014 1184 843 (71.19) 4090 2916 (71.29) 5098 (49.15)
2015 970 654 (67.42) 3681 2595 (70.49) 5721 (55.15)
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not including the antidementia drugs, when compared to women without
dementia. Women with frailty were less likely to have polypharmacy (OR
0.81; 95% CI 0.75–0.87) when compared to women without frailty.
Polypharmacy occurred more often in women with two or more chronic
diseases (OR 1.52; 95% CI: 1.36–1.69) when compared to women with
one or no chronic disease. Women residing in RAC were three times more
likely to have polypharmacy (OR 3.39; 95%CI: 3.08–3.74)when compared
to womenwho were not in RAC. Womenwithout medication reviews were
more likely to have polypharmacy (OR 1.70; 95%CI: 1.60–1.81) when com-
pared to women utilising medication review services in that year. High GP
visits were associated with a higher likelihood of polypharmacy (OR 1.42;
95% CI 1.31–1.53) when compared to low GP visits. The unadjusted
model showed that lower level of education was more likely to experience
polypharmacy (OR 1.04; 95% CI 1.28–1.54) when compared to women
with higher level of education.

4. Discussion

The study applied GBTM to report patterns of polypharmacy over the
long term. In this large and highly representative cohort, four distinct
groups of polypharmacy emerged. The cohort was observed for more
Fig. 2. Polypharmacy groupings in the trajectory model using four groups. Dotted
line indicates expected probabilities and the solid line indicates actual
probabilities. Women were aged 77–82 in 2003 and 89–94 in 2015.

4

than a decade. More than half of the total respondents fitted in one the
‘Consistent Polypharmacy’ group. Only one-quarter of women were
categorised with ‘Low polypharmacy’, and even these women had a pat-
tern of increasing polypharmacy in their later years. Factors associated
with polypharmacy trajectories included dementia, RAC status, chronic
diseases and frailty. Equally these factors were also significant in GEE
models which included incident cases of dementia, other disease and
RAC admission.

The findings showed a considerable increase in the prevalence of
polypharmacy among older women with and without dementia when com-
pared to previous studies conducted in Australia and overseas. One of the
longitudinal studies in Australia conducted among older people aged 70
and above reported only modest increases in the rate of polypharmacy
among older Australians, from 32.2% in 2007 to 36.2% in 2017. However,
the study populationwas randomly selected from PBS dataset.12 Other esti-
mates of polypharmacy in Australia ranged between 36% to 43%. A pro-
spective observational study conducted in Western Australia among
community-dwelling older men to examine prevalence of potentially sub-
optimal medications reported the polypharmacy prevalence of 35.8%
whereas a cross-sectional study conducted among Australians of 50 years
and above reported the polypharmacy prevalence of 43.5%. Both studies
utilized self-reported medications.33,34 However, huge increases in
polypharmacy over time have been reported in international studies. A
study in the USA reported an increase of polypharmacy from 24% in
1992 to 39% in 2012 among people over 65 years of age.35 Likewise, a
study conducted in the UK among people over 70 years old, showed a rise
in polypharmacy from 11.4% in 1995 to 22.3% in 2010.36 Despite having
similar criteria for measuring polypharmacy (i.e., ≥5 unique medications
as polypharmacy), there were noticeable differences in the prevalence of
polypharmacy in different studies, which could be due to differences in
the settings and age ranges of participants. In addition to reporting a higher
prevalence of polypharmacy, this study has also suggested thatmedications
were being used at higher rates in Australia for a time. Polypharmacy is as-
sociated with adverse outcomes.2 Despite the debate around the number of
concurrent medications prescribed, the number of medications itself may
not be problematic as long as they are prescribed rationally.9,37 It is recom-
mend that future studies identify and evaluate both appropriate and prob-
lematic polypharmacy.38 This may be particularly important for women
with dementia who may also be on antidementia medications, and where
medications for other conditions may have a role in mitigating or exacer-
bating dementia progression or effects.

The findings suggest that respondents have unique patterns of
polypharmacy trajectories over time. Of the total 10,372 respondents
in the sample, 55.88% of women were placed into the consistent
polypharmacy group, which means these women were consistently using
a higher number of medications throughout the study period. This group
might have greatly contributed to the increase in polypharmacy percentage
over time, as mentioned above. This emphasises the need for close moni-
toring of medications being prescribed to this population. While there
are arguments about polypharmacy being supportive of longer life



Table 2
Baseline demographics and clinical characteristics of the overall cohort and by trajectory, Year 2003 (N = 10,372).

Variables Total
N = 10,372

Group 1 (Low
Polypharmacy)
N = 2542 (24.52%)

Group 2 (Moderate
Polypharmacy)
N = 730 (7.11%)

Group 3 (Consistent
Polypharmacy)
N = 5796 (55.88%)

Group 4 (Rapid
Increasing Polypharmacy)
N = 1304 (12.50%)

*P-Value

Baseline Age (Years) <0.001
Age ≤ 79 5061 (48.79) 1242 (48.86)

1240.4
331 (45.34)
356.2

2909 (50.19)
2828.1

579 (44.40)
636.28 **

Age ≥ 80 5311 (51.21) 1300 (51.14)
1301.6

399 (54.66)
373.8

2887 (49.81)
2967.9

725 (55.60)
667.72 **

Area of Residence
Major cities 4469 (43.09) 1016 (39.97) 333 (45.62) 2571 (44.36) 549 (42.10) 0.006
Inner regional 3940 (37.99) 1017 (40.01) 251 (34.38) 2159 (37.25) 513 (39.34)
Outer region, remote and very
remote areas

1963 (18.93) 509 (20.02) 146 (20.00) 1066 (18.39) 242 (18.56)

Qualification (Survey 1) <0.001
Tertiary Education 1485 (15.12) 431 (17.87)

364.75
120 (17.52)
103.59

702 (12.83)
827.18

232 (18.52)
189.48 **

Secondary Education or below 8335 (84.88) 1981 (82.13)
2047.3

565 (82.48)
581.41

4768 (87.17)
4642.8

1021 (81.48)
1063.5 **

Missing 552
Marital Status (Survey 3) 0.2347

Partnered (married and de facto
relationship)

4720 (45.60) 1166 (45.94) 361 (49.05) 2603 (45.02) 590 (45.52)

Non-partnered (widowed,
separated,
divorced, and never married)

5632 (54.40) 1372 (54.06) 375 (50.95) 3179 (54.98) 706 (54.48)

Missing 20
Dementia <0.001

Yes 423 (4.08) 125 (4.92)
103.67

11 (1.51)
29.77

269 (4.64)
236.38

18 (1.38)
53.18 **

No 9949 (95.92) 2417 (95.08)
2438.30

719 (98.49)
700.23

5527 (95.36)
5559.6

1286 (98.62)
1250.80 **

GP Visits (Survey 3)
Low (<5 visits/year) 4079 (39.46) 1653 (65.31)

998.34
279 (37.86)
288.06

1471 (25.48)
2278

676 (52.16)
514.56

<0.001
**

High (≥5 visits/year) 6258 (60.54) 878 (34.69)
1531.7

458 (62.14)
441.94

4302 (74.52)
3495

620 (47.84)
789.44 **

Missing 35
Medication Review <0.001

Yes (at least once in a year) 107 (1.04) 2 (0.08)
26.21

8 (1.10)
7.52

92 (1.60)
59.80

5 (0.39)
13.45 **

No 10,202 (98.96) 2525 (99.92)
2499.80

717 (98.90)
717.48

5670 (98.40)
5702.20

1283 (99.61)
12.82.50 **

Missing 63
Chronic Diseases <0.001

No or one disease 4325 (41.70) 1758 (69.13)
1060

280 (37.99)
304.4

1666 (28.74)
2416.9

621 (47.92)
543.75 **

Two or more diseases 6047 (58.30) 785 (30.87)
1482

457 (62.01)
425.60

4130 (71.26)
3379.10

675 (52.08)
760.25 **

Frailty <0.001
Yes (Frailty Score ≥ 3) 2605 (25.12) 295 (11.61)

638.44
152 (20.82)
183.34

1968 (33.95)
1455.70

190 (14.57)
14.57 **

No (Frailty score ≤ 2) 7767 (74.88) 2248 (88.39)
1903.60

578 (79.18)
546.66

3828 (66.05)
4340.30

1114 (85.43)
976.49 **

Residential Aged Care (RAC) Status <0.001
In RAC 603 (5.81) 117 (4.60)

147.78
5 (0.68)
42.44

474 (8.18)
336.96

7 (0.54)
75.81 **

Not in RAC 9769 (94.19) 2425 (95.40)
2394.20

725 (99.32)
687.56

5322 (91.82)
5459

1297 (99.46)
1228.20 **

* P value represents results from chi-square test. ** Expected cell counts for significant p value
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expectancy,39 there is evidence reporting severe adverse outcomes of long-
term polypharmacy use,5 especially, concerning antipsychotics.40 Several
approaches like the ‘geriatric-palliative approach’41 and ‘comprehensive
geriatric assessment’39 have been proposed to combat polypharmacy. The
meaningful and simultaneous discontinuation of overprescribed medica-
tions has shown a number of benefits like reduced mortality rates, reduced
medical problems and improved quality of life.41 Of the total population in
this study, 12.5% of women belonged to the ‘rapidly increasing
polypharmacy’ group. A UK study showed that with the increased age of
the older population, patterns of acquiring morbidity grow and thus the
number of prescriptions an individual receives alsomultiply.38 Not all med-
ications are needed to be used lifelong. Periodic review andmanagement of
5

medications is essential to optimise and improve medication use as well as
to respond to the challenges posed by polypharmacy.38,42

This study reported a significant association between polypharmacy
and frailty. A study conducted in Australia to investigate the relationship
between polypharmacy and frailty among men aged 70 years and over
showed an increase in frailty incident for the participants with
polypharmacy.43 Likewise, a longitudinal study conducted in North
America reported that people taking 4–6 medications had a 55% higher
risk of frailty. However, the frailty index used in that study was different
from ours.5 Additionally, a cohort study in Spain involving participants
aged 70 years or more found that people with both frailty and
polypharmacy had a higher risk of mortality and hospitalisation when



Table 3
Crude and adjusted longitudinal GEE estimates of the odds of polypharmacy among
various predictors, 2003–2015 (N = 10,372).

Odds Ratio (95%CI)

Predictors Unadjusted Adjusted

Baseline Age ≥ 85 (Ref = Age ≤ 84) 1.05 (0.99–1.09) 1.06 (0.94–1.19)
Dementia: Yes (Ref = No) 1.12 (1.04–1.21) 1.12 (1.00–1.26)
Chronic Diseases Count: Two or more
(Ref = One or no disease)

2.30 (2.19–2.45) 1.52 (1.36–1.69)

Frailty: Yes (Ref = No) 1.48 (1.42–1.54 1.22 (1.38–1.32)
GP Visits: High (Ref = Low) 1.81 (1.72–1.89) 1.42 (1.31–1.53)
Medication Review: No (Ref = Yes) 1.64 (1.56–1.73) 1.70 (1.60–1.81)
Marital Status: Non-partnered
(Ref = partnered)

0.92 (0.88–0.97) 0.91 (0.84–0.99)

RAC: In RAC (Ref = Not in RAC) 2.90 (1.76–2.04) 3.38 (3.07–3.73)
Qualification: Secondary Education
(Ref = Tertiary Education)

1.04 (1.28–1.54) 0.97 (0.87–1.07)

Area: Inner Regional (Ref = Major cities) 0.92 (0.86–0.98) 0.74 (0.68–0.80)
Area: Outer regional/Remote
(Ref = Major cities)

0.90 (0.83–0.98) 0.61 (0.55–0.68)

Note. Non-frail = Frailty score≤ 2; Frail = Frailty Score ≥ 3; RAC = Residential
Aged Care; GP=General Practitioner (Low=GPvisits<5 /year, High=GP visits
≥5/year); Tertiary education=University and higher degrees or trade certificate/
diploma; Secondary education = High school or below. Outcome variable:
Polypharmacy
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compared to those without frailty and polypharmacy.44 Older people with
frailty are more susceptible to ADEs due to multiple morbidities and age-
related changes in pharmacokinetics and pharmacodynamics events.45

The prescriber, therefore, needs to be alert to ‘prescribing inertia’ (the con-
tinuation of medication even when the original indication is no longer
present).46 Because somemedications are more harmful than others, focus-
ing on a limited number of medications—for example, psychotropics—
could be a more effective and efficient approach to enhance quality use of
medications among the older population.

Among the respondents, women with dementia were more likely to ex-
perience polypharmacy compared to women without dementia, even be-
fore accounting for antidementia drugs. Likewise, RAC status was also a
significant predictor of polypharmacy. In this study, women living in RAC
facilities were three times more likely to be exposed to polypharmacy
when compared to women who were living in the community. Previous
studies in Australia support this finding.47,48 In particular, one Australian
study conducted among RAC residents living in Queensland reported that
91% of the residents were consuming five or more medications daily;
however, the prevalence of potentially inappropriate high-risk medications
was reported to be moderate.49 International studies have also reported a
higher prevalence of polypharmacy among older people with dementia19

and long-term care users.20 The study also revealed higher odds of
polypharmacy among women who did not have a medication review com-
pared to thosewho had at least onemedication review per year. In Australia
and overseas, there is ample evidence suggesting beneficial outcomes of
medication reviews in improving the quality use of medications in the
older population.50,51 Moreover, the Australian Commission on Safety
and Quality in Health Care has strongly urged the implementation of rou-
tine medication management reviews among the older population to com-
bat excess chemical restraint, especially of those with dementia and
residing in RAC.52 Multiple medications may be required for the manage-
ment of Behavioural and Psychological Symptoms of Dementia (BPSD)
and comorbid conditions.53 Other important reasons for over-prescription
could be a lack of periodic medication review and the exclusion of the vul-
nerable population from the clinical trials and guidelines, which might
have limited the development of evidence-based prescribing.54,55

In this study, women with secondary level of education were more
likely to experience polypharmacy. Association between education level
and polypharmacy have been generally been found inconsistent. A study
conducted in Sweden among older people aged 75 to 89 reported that
older people with low educational attainment had greater likelihood of
polypharmacy,56 while a study conducted among the older population in
6

Turkey reported no significant difference in number of drugs distributed
among education levels.57 It is important to note that education levels
were categorised differently in both studies. As older people are often pre-
scribed with multiple medications for the management of comorbidities,58

higher level of education and health literacy could be advantageous for peo-
ple for understanding their medications and side effects.59 In this study,
women with high GP visits were more likely to have polypharmacy. GPs
are ideally involved in optimizing medication management among older
population.60 A case vignette study conducted in 31 European countries
among older patients to investigate GPs deprescribing decision reported
that most of the GPs were willing to deprescribe, especially for patients
with multimorbidity.61 Higher likelihood of polypharmacy among women
with higher GP visits in our study could be indicative of a need for effective
implementation of interprofessional collaboration of GPs, pharmacists,
and nurses to promote deprescribing and enable non-pharmacological
supports.62

4.1. Strengths and limitations

This study is the first to investigate the polypharmacy trajectory among
an older Australian population, enriching the limited knowledge in this
field. The major strength of this study is that nationally representative lon-
gitudinal data and reliable PBS prescribing data for older Australians have
been utilized. Comprehensive assessment of prescribed medications was
established using the linkage with the national medications system; how-
ever, it should be noted that the PBS data covers dispensation of medica-
tions, which does not guarantee that those medications were consumed.
A conservative method has been used to estimate polypharmacy by exclud-
ing topical, dermatological and ophthalmological treatments aswell as vita-
min and mineral supplements. Further, data linkage between the surveys
and nationwide administrative datasets has allowed exploration of associa-
tions between health and non-health-related factors with polypharmacy.
This study has some limitations. The membership probability of poly-
pharmacy within each trajectory group may have been biased by deaths
and/or loss to follow-up. Although non-death attrition from the PBS data
is minimal, there is a risk that not all drugs are covered by the PBS. Specif-
ically, PBS does not include over the counter medicines. The results are spe-
cific to women, hence may not necessarily be generalizable to other
genders. There are studies reporting gender differences and the prevalence
of polypharmacy12 as well as drug utilisation patterns and RAC status.26

There was oversampling from rural/remote areas in the ALSWH at twice
the rate of women in urban areas to show the heterogeneity of health expe-
riences of women residing outside metropolitan areas (for more detail visit
https://www.alswh.org.au/). Although non-death attrition could be a
greater source of bias in longitudinal studies, overall attrition has only min-
imal effects on the generalisability of ALSWHfindings for surviving women
in Australia who were born between 1921 and 26.63

5. Conclusion

The prevalence of polypharmacy among olderwomenwith andwithout
dementia was as high as 70% in 2014. More than half of the respondents
were part of the group that demonstrated consistent polypharmacy
throughout the study duration. Understanding the characteristics of each
trajectory would provide more insight and support individualised interven-
tions for the most vulnerable. Frailty, RAC status, dementia and comorbid
condition were the main factors to drive polypharmacy in this cohort. Ap-
propriate, sustainable and effective strategies for reducing inappropriate
medication use should be implemented. Future studies are required to iden-
tify the type of polypharmacy in terms of its appropriateness and evaluate
the risks and benefits to the health outcomes of the older population.
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