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ABSTRACT
Objectives Polypharmacy is commonly defined as the use 
of five or more medications, is associated with a range 
of adverse outcomes and is particularly common in older 
adults. We sought to examine the relationship between 
polypharmacy and payment methods for prescription drugs 
among older adults in Ireland.
Methods This is a cross- sectional analysis of data 
from wave 3 of The Irish Longitudinal Study on Aging, 
a nationally representative cohort study sample of 
community- living adults aged 50 years and older in 
Ireland. We used multivariable logistic regression to model 
the independent relationship between polypharmacy and 
drug payment methods. We controlled for a wide range of 
demographic, socioeconomic and health- related variables.
Results Enrolment in publicly funded schemes which 
entitle participants to subsidised or free prescription 
medications was independently associated with increased 
odds of reporting polypharmacy. Relative to out- of- pocket 
payment, we found polypharmacy was independently 
associated with payment via medical card (OR 2.65; 95% 
CI 2.13 to 3.28), drugs payment scheme (OR 3.83; 95% CI 
2.96 to 4.95), long- term illness scheme (OR 4.24; 95% CI 
3.06 to 5.87), but not private health insurance (OR 0.82; 
95% CI 0.42 to 1.62).
Conclusions Given multiple payment methods available 
for funding prescription charges in Ireland, there is 
a significant differential in the upfront costs faced 
by patients. One implication of our results is that the 
quantity of medications consumed by an individual may 
be influenced by payment methods for prescription fees. 
This could lead to overconsumption of medicines by those 
who are covered, or underconsumption by those who 
are not. However, our study was limited by an inability 
to discriminate between appropriate and inappropriate 
polypharmacy or to account for differential levels of 
multimorbidity, suggesting further research on this topic is 
warranted.

INTRODUCTION
Polypharmacy involves the administration of 
more medicines than are clinically indicated, 
representing unnecessary drug use, and has 
been described as a ‘serious and significant 
public health challenge’.1 2 While there is no 
consensus on how best to operationalise the 

definition, the most commonly used criteria 
describe polypharmacy as the concomi-
tant use of five or more medications, with 
extreme polypharmacy considered the use 
of 10 or more agents.3 Polypharmacy is 
associated with a number of adverse health 
outcomes, mediated through adverse drug 
events, drug–drug interactions, drug–disease 
interactions, prescribing cascades, as well as 
non- adherence.4 5 It is particularly problem-
atic in the older population, in whom phys-
iological changes associated with ageing 
result in impaired drug metabolism and an 
increased propensity to experience adverse 
drug events.6 Polypharmacy is associated with 
substantial health- related costs, directly and 
indirectly, to the individual and to healthcare 
systems.7–9

In terms of predictors, increasing age is 
associated with polypharmacy, and it is likely 
that much of the association is attributable 
to the increased burden of chronic disease 
that is correlated with advancing age.10–14 
The presence of one or more chronic health 

Strengths and limitations of this study

 ► This is the first Irish study to evaluate the rela-
tionship between polypharmacy and the payment 
method used to fund prescription medications in 
older adults, while controlling for socioeconomic and 
health- related factors.

 ► We use data from a large nationally representative 
cohort study of older people that collects informa-
tion on a range of individual, socioeconomic and 
health- related variables.

 ► Data collection was undertaken by trained pro-
fessionals in the participants’ home environment, 
which is particularly important for accurately quan-
tifying medication use.

 ► Limitations of this study include an inability to dis-
tinguish between appropriate and inappropriate 
polypharmacy or to account for differential levels of 
multimorbidity.
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conditions is associated with increased likelihood of 
reporting polypharmacy, and older adults are more likely 
to be diagnosed with multiple conditions.15–17 In Ireland, 
the context for our study, previous waves of The Irish 
Longitudinal Study on Aging (TILDA) reported that 
19% of adults aged ≥50 years met the criteria for poly-
pharmacy, rising to 31% in those aged over 65 years and 
37% in those aged over 75 years.18 This is important given 
that population projections predict a large demographic 
shift in the coming decades, with significantly increased 
numbers of older adults living globally.19 20 For example, 
the number of people aged over 65 years in Ireland is 
expected to increase from 629 800 in 2016 to 1.6 million 
in 2051, with the very old population (those aged over 80 
years) set to increase from 147 800 to at least 535 900 over 
the same period.21

As well as ageing and health, socioeconomic factors 
also appear to be associated with polypharmacy, with 
large observational studies reporting that lower educa-
tion, lower wealth and increased deprivation are all asso-
ciated with higher rates of polypharmacy, independent of 
disease burden and demographic factors.10 11 14 22 Obesity 
and alcohol consumption have additionally been found 
to be correlated with polypharmacy, independent of 
socioeconomic factors.11

Within this context, it is noteworthy that financial incen-
tives appear to play a role in healthcare utilisation among 
adults living in Ireland. Nolan and Smith examined the 
effect of payment method on general practitioner (GP) 
visits and found those who face higher out- of- pocket 
(OOP) costs visited less frequently than those entitled to 
free care.23 Similarly, Ma and Nolan found that changes 
in eligibility for free GP care for older adults resulted 
in a 43% increase in annual visits when free care was 
introduced, and a 29% decrease when eligibility was 
withdrawn.24 In terms of prescription drug use, a recent 

analysis of pharmacy claims data in Ireland reported that 
64.3% of adults aged ≥45 years eligible for heavily subsi-
dised prescription costs met criteria for polypharmacy in 
at least 1 month in 2013.25 However, this study did not 
adjust for socioeconomic or health- related factors. To 
date, we have not identified any analysis, either for Ireland 
or internationally, which examines the relationship 
between the payment methods used to fund prescription 
drugs and polypharmacy, while accounting for potential 
socioeconomic and health- related confounding factors.

Funding for healthcare in Ireland comes from a 
complex mix of both public and private sources and this 
is reflected in the range of payment methods available 
for prescription charges. Persons resident in Ireland may 
qualify for either full eligibility (category 1) or limited 
eligibility (category 2) for health services. Details of the 
five most commonly used payment methods for prescrip-
tion fees in Ireland are outlined in table 1. Briefly, two 
schemes operate under category 1—the medical card 
(MC) and long- term illness (LTI) schemes. These entitle 
participants to heavily subsidised or free prescriptions. 
Individuals eligible for category 2 may enrol in the 
publicly funded drugs payment scheme (DPS), which 
entitles them to household prescription fees which are 
capped at a set monthly cost. Alternatively, individuals 
can enrol in private health insurance (PHI) programmes, 
which may cover prescription fees, or bear the full OOP 
cost. Three of the schemes (MC, LTI and DPS) operate 
under the remit of the Primary Care Reimbursement 
Service (PCRS), which funds and collects data on the 
prescriptions dispensed under these schemes.

As a result of the multiple payment methods avail-
able for funding prescription charges in Ireland, there 
is a significant differential in the upfront costs faced by 
patients. This paper investigates if the cost differential 
in prescription charges can help explain the issue of 

Table 1 Summary of the available payment methods and reimbursement schemes for prescription drugs in Ireland

Category Scheme Details Eligibility

1 Medical card Prescription fees at €2.50 per item, 
capped at €25 per month per individual/
household*.

Means tested (income- based 
assessment)

Long- term illness scheme Entitles participants to free prescriptions. Confirmed diagnosis of one 
of a number of prespecified 
chronic health conditions

2 Drugs payment scheme Prescription fees capped at €144 per 
month for each individual/household*.

All citizens eligible

Full out- of- pocket 
payment

Full cost of prescription fees paid privately 
by an individual/household.

N/A

Private health insurance 
reimbursement

Certain private health insurance schemes 
offer reimbursement for a portion of 
prescription charges incurred by an 
individual.

N/A

Source: Health Service Executive, Ireland.
*Denotes prescription fees and caps at the time of collection of The Irish Longitudinal Study on Aging (TILDA) wave 3 data (2014–2015).
N/A, not applicable.
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polypharmacy in older adults in Ireland. Our objective 
is to evaluate the relationship between the likelihood of 
reporting polypharmacy and the payment method used 
for prescription medications by older adults in Ireland, 
while controlling for a range of demographic, socioeco-
nomic and health- related factors.

DATA AND METHODS
Data
We use data from wave 3 of TILDA,26 a nationally repre-
sentative cohort study of community- dwelling adults aged 
over 50 years living in the Republic of Ireland. Informa-
tion is collected on a broad range of domains including 
health status, healthcare utilisation, demographic, social 
and economic circumstances. Study design and method-
ology is described in detail elsewhere.27 Initial recruit-
ment took place between 2009 and 2011, with subsequent 
follow- up completed on a biannual basis. Data collection 
for the TILDA study is undertaken by trained profes-
sional social interviewers via computer- aided personal 
interviewing. Participants are also invited to complete a 
self- completion questionnaire and undergo a physical 
examination with a dedicated, trained study nurse.28 At 
the time of preparing this article, wave 3 was the most 
recent publicly available set of data and had collected 
information on 6400 individuals.

Variables
The dependent variable of interest is a binary variable 
which indicates if an individual reports polypharmacy, 
defined as the use of ≥5 medications. Medication use was 
assessed as part of the TILDA interview by a trained inter-
viewer. Participants were required to provide the inter-
viewer with details of all medications that they take on a 
regular basis, which were subsequently subcategorised as 
prescription medications, non- prescription medications 
or supplements. For the purpose of this analysis, polyphar-
macy is defined as the consumption of ≥5 medications 
from all subcategories (prescription, non- prescription 
medications and supplements). Binary variables defining 
polypharmacy excluding supplements (≥5 regular medi-
cations when supplement use is excluded), extreme poly-
pharmacy (≥10 medications) and extreme polypharmacy 
excluding supplements are also available from the TILDA 
data set.

The main independent variable of interest is a cate-
gorical variable indicating the payment method used 
by an individual in purchasing their last prescription. 
The participant was asked to select one of five options: 
they purchased using OOP payment; their prescription 
charges were covered under the MC scheme; they paid 
using the DPS; they received reimbursement from a PHI 
scheme; or they received free prescriptions through the 
LTI scheme. Control variables include information on 
demographic factors, socioeconomic status, health status 
and healthcare utilisation (see table 2). Selection of these 
variables was based on a review of the existing literature 

on determinants of polypharmacy, as well as the avail-
ability of variables within the TILDA data set.

Analysis
Summary statistics for all of the variables considered 
were calculated. Univariate logistic regression models 
were estimated to evaluate the relationship between 
polypharmacy and each of the individual independent 
variables (see online supplemental appendix table A0). 
All variables analysed in the univariate models were 
included in the multivariable regression analysis, and 
we estimated multivariable logistic regression models of 
the relationship between polypharmacy and payment 
method for prescription charges, controlling for demo-
graphic factors, socioeconomic factors, health status and 
healthcare utilisation. The results from these models 
are presented as estimated ORs. This provides, for each 
covariate, the odds of polypharmacy for one category of 
the covariate relative to another category, adjusting for all 
other covariates in the model. No imputation methods 
were used for missing data, which was trivial—see table 2. 
Overall model significance was assessed using likelihood 
ratio tests. Individual parameter significance was assessed 
using Wald tests. McFadden’s pseudo- R2 was used to test 
for model goodness of fit.

A range of additional models were estimated to assess 
the sensitivity and robustness of our main findings. We esti-
mated models using alternative dependent variables (ie, 
‘polypharmacy excluding supplements’, ‘extreme poly-
pharmacy’ and ‘extreme polypharmacy excluding supple-
ments’), as well as models containing different subsets of 
the explanatory variables. In particular, sensitivity analysis 
excluding the variables relating to healthcare utilisation 
was conducted. All analyses were performed using Stata 
V.15.1 (StataCorp).

Patient and public involvement
No patients were involved in the conduct of this analysis.

RESULTS
Summary statistics
Summary statistics for all variables included in our anal-
ysis are presented in table 2.

Polypharmacy
The overall prevalence of polypharmacy in the sample 
was 25.8%. When supplement use was excluded, the 
prevalence was 23.0%. The prevalence of extreme poly-
pharmacy was 4.0%, and 2.9% when supplement use was 
excluded.

Payment method
When asked how their most recently dispensed prescrip-
tion was funded, the highest proportion of participants 
reported using MCs (44.8%), OOP payments (35.6%) 
and the DPS (11.0%). Figure 1 shows the proportion of 
individuals who reported polypharmacy by the payment 
method used. Polypharmacy was most common in 

https://dx.doi.org/10.1136/bmjopen-2019-036591


4 Varley A, Cullinan J. BMJ Open 2020;10:e036591. doi:10.1136/bmjopen-2019-036591

Open access 

Table 2 Variable definitions and sample descriptive statistics

Variable Definition Categories n (%) or mean (SD)

Polypharmacy Use of five or more medications Yes 1654 (25.8%)

No 4746 (74.2%)

Extreme polypharmacy Use of 10 or more medications Yes 254 (4.0%)

No 6146 (96.0%)

Polypharmacy excluding 
supplements

Use of five or more medications, excluding 
supplements

Yes 1469 (23.0%)

No 4931 (77.0%)

Extreme polypharmacy 
excluding supplements

Use of 10 or more medications, excluding 
supplements

Yes 187 (2.9%)

No 6213 (97.1%)

Payment method How was last prescription paid for? OOP 2281 (35.6%)

MC 2869 (44.8%)

DPS 706 (11.0%)

PHI 146 (2.3%)

LTI 286 (4.5%)

Missing 112 (1.8%)

Age Respondent’s age at time of interview Years 66.4 (±8.9)

Sex Sex of respondent Male 2825 (44.1%)

Female 3575 (55.9%)

Education Highest level of education achieved Primary 1623 (25.4%)

Secondary 2548 (39.8%)

Higher 2228 (34.8%)

Missing 1 (0.02%)

Employment Current employment status Employed 2111 (33.0%)

Retired 2907 (45.4%)

Other 1371 (21.4%)

Missing 11 (0.2%)

Smoking status Is respondent a current smoker? Yes 821 (12.8%)

No 5573 (87.1%)

Missing 6 (0.1%)

Obesity Is respondent’s BMI >30 kg/m2? Yes 1368 (21.4%)

No 4809 (75.1%)

Missing 223 (3.5%)

Self- rated health Respondent’s rating of own health Excellent 910 (14.2%)

Very good 2140 (33.4%)

Good 2187 (34.2%)

Fair 952 (14.9%)

Poor 210 (3.3%)

Missing 1 (0.02%)

Chronic illness Does the respondent have any long- term 
illness or disability?

Yes 2718 (42.5%)

No 3678 (57.5%)

Missing 4 (0.1%)

Continued
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individuals who subscribed to the LTI scheme (44.0%), 
followed by MC users (38.8%) and DPS subscribers 
(32.7%). Of those who received reimbursement via PHI, 
9.5% were recorded as having polypharmacy, as were 
6.9% of those who paid the full OOP cost.

Participant characteristics
The mean age of the cohort was 66.4 years (SD: 8.9 years); 
55.9% of the sample were female. In terms of highest 
level of education achieved, 25.4% had a primary educa-
tion, 39.8% a secondary education and 34.8% a higher 
education qualification. Overall, 33.0% of the sample 
were employed, with 45.4% retired. Of the cohort, 
12.8% indicated they were smokers, while 21.4% were 
measured as obese. When asked to self- rate their health, 
81.8% reported their health was excellent, very good or 
good, while 42.5% of participants reported living with at 
least one chronic illness or disability. Two- thirds of those 
surveyed reported visiting their GP between one and four 

times in the preceding year, and the majority (56.3%) 
had not attended a hospital outpatient appointment in 
the same period.

Multivariable regression analysis
Payment methods
The results of our preferred estimated multivariable 
model are presented in table 3. Following the addi-
tion of appropriate control variables, enrolment in the 
LTI scheme (OR 4.24; 95% CI 3.06 to 5.87), DPS (OR 
3.83; 95% CI 2.96 to 4.95) and using an MC (OR 2.65; 
95% CI 2.13 to 3.28) were all independently associated 
with increased odds of reporting polypharmacy when 
compared with the base case of OOP payment. There was 
no statistically significant difference observed for PHI.

Participant characteristics
As has been demonstrated in previous research, age was 
strongly associated with polypharmacy (OR 1.07; 95% CI 
1.06 to 1.09). Our estimates imply an extra 10 years of 
life is associated with approximately double the odds of 
reporting polypharmacy. There was no statistically signifi-
cant independent association between polypharmacy and 
gender. In terms of educational attainment the odds of 
reporting polypharmacy in those with secondary school 
education were 19% lower compared with those who 
achieved primary school only (OR 0.81; 95% CI 0.68 to 
0.96), while the OR for tertiary education was not statisti-
cally significant. Those who were retired were more likely 
to report polypharmacy than those currently employed 
(OR 1.31; 95% CI 1.05 to 1.63), as were those who iden-
tified in the ‘other’ employment category (OR 1.68; 95% 
CI 1.33 to 2.12). Smoking status was not associated with 
polypharmacy (OR 1.03; 95% CI 0.83 to 1.28), while those 
who were classified as obese had higher rates of polyphar-
macy than those who were not (OR 1.56; 95% CI 1.33 to 
1.84).

Variable Definition Categories n (%) or mean (SD)

Primary care usage How many visits to GP in the last year? None 532 (8.3%)

1–4 4261 (66.6%)

5–9 1018 (15.9%)

10–14 448 (7.0%)

15+ 128 (2.0%)

Missing 13 (0.2%)

Secondary care usage How many outpatient visits in the last year? None 3606 (56.3%)

1 1173 (18.3%)

2+ 1610 (25.2%)

Missing 11 (0.2%)

Source: Analysis of The Irish Longitudinal Study on Aging (TILDA) wave 3 data.
BMI, body mass index; DPS, drugs payment scheme; GP, general practitioner; LTI, long- term illness; MC, medical card; OOP, out of pocket; 
PHI, private health insurance.

Table 2 Continued

Figure 1 Proportion of respondents experiencing 
polypharmacy by payment method for most recent 
prescription. Source: Analysis of The Irish Longitudinal Study 
on Aging (TILDA) wave 3 data. DPS, drugs payment scheme; 
LTI, long- term illness; MC, medical card; OPP, out- of- pocket 
payment; PHI, private health insurance.
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Table 3 Adjusted ORs of polypharmacy from multivariable logistic regression model

OR P value 95% CI

Payment method

  Full OOP payment 1.00

  Medical card 2.65 <0.001 2.13 to 3.28

  Drugs payment scheme 3.83 <0.001 2.96 to 4.95

  Private health insurance 0.82 0.568 0.42 to 1.62

  Long- term illness scheme 4.24 <0.001 3.06 to 5.87

Age 1.07 <0.001 1.06 to 1.09

Sex

  Male 1.00

  Female 1.01 0.907 0.87 to 1.17

Education

  Primary 1.00

  Secondary 0.81 0.017 0.68 to 0.96

  Third level/higher 0.88 0.208 0.73 to 1.07

Employment

  Employed 1.00

  Retired 1.31 0.015 1.05 to 1.63

  Other 1.68 <0.001 1.33 to 2.12

Smoking status

  Non- smoker 1.00

  Smoker 1.03 0.786 0.83 to 1.28

Obesity status

  Not obese 1.00

  Obese 1.56 <0.001 1.33 to 1.84

Self- rated health

  Excellent 1.00

  Very good 1.08 0.595 0.82 to 1.46

  Good 1.80 <0.001 1.35 to 2.40

  Fair 2.68 <0.001 1.95 to 3.67

  Poor 3.87 <0.001 2.48 to 6.04

Chronic illness

  One or more chronic illnesses 1.00

  No chronic illness 0.34 <0.001 0.30 to 0.40

GP visits in the last year

  None 1.00

  1–4 2.08 0.001 1.37 to 3.16

  5–9 2.54 <0.001 1.63 to 3.93

  10–14 4.12 <0.001 2.58 to 6.57

  15+ 4.20 <0.001 2.32 to 7.63

OPD visits in the last year

  None 1.00

  1 1.27 0.012 1.05 to 1.54

  2+ 1.77 <0.001 1.50 to 2.09

n 6042

LR χ2 (df) 1999 (23)

Pseudo- R2 0.2901

Source: Analysis of The Irish Longitudinal Study on Aging (TILDA) wave 3 data.
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There was an independent association between poly-
pharmacy and poorer self- rated health. Compared with 
those who reported excellent health, those with good (OR 
1.80; 95% CI 1.35 to 2.40), fair (OR 2.68; 95% CI 1.95 to 
3.67) and poor (OR 3.87; 95% CI 2.48 to 6.04) health had 
significantly higher odds of polypharmacy. The absence 
of chronic health problems was associated with decreased 
odds of reporting polypharmacy (OR 0.34; 95% CI 0.30 
to 0.40). In terms of healthcare utilisation, those who had 
the highest level of GP visits and outpatient department 
(OPD) visits had higher relative odds of reporting poly-
pharmacy—4.20 (95% CI 2.32 to 7.63) and 1.77 (95% CI 
1.50 to 2.09), respectively.

Sensitivity analysis and robustness checks
Sensitivity analysis was performed to evaluate the effect 
of excluding healthcare utilisation variables from the 
model. To test for robustness, we estimated models where 
the dependent variables were polypharmacy excluding 
supplement use, extreme polypharmacy and extreme 
polypharmacy excluding supplement use. Results are 
presented in online supplemental appendix table A1–
A4. Our overall results and conclusions did not change 
substantively following the exclusion of healthcare util-
isation from the model. When estimating the models 
using alternative dependent variables, enrolment in the 
LTI scheme was found to be associated with polyphar-
macy (both including and excluding supplement use) 
in a statistically significant manner. However, when the 
models were estimated using extreme polypharmacy 
(with and without supplement use) the association with 
LTI enrolment was not significant at the 5% level.

DISCUSSION
Main findings
Excessive medication use is both harmful and costly and 
polypharmacy is strongly correlated with advancing age. 
Given projected shifts in demographic patterns in the 
coming years, the scale of the problem in Ireland is set 
to increase unless suitable policies are developed and 
it follows that these should be guided by appropriate 
evidence. Here, we evaluate if there is an independent 
association between polypharmacy and subsidised or free 
prescriptions in older adults living in Ireland. We find 
polypharmacy is more common in those who receive 
free or subsidised medications compared with those who 
face full OOP charges, even after controlling for demo-
graphic, socioeconomic and health- related factors. We 
did not find any independent association for reimburse-
ment through PHI, though the numbers of participants 
who were in this category were relatively small (14 partic-
ipants who reported polypharmacy received reimburse-
ment through a PHI scheme; only three patients who 
reported extreme polypharmacy received reimbursement 
through PHI).

A number of mechanisms could contribute to the 
independent association we have estimated between 

polypharmacy and the payment method used for 
prescription costs. It may be that the payment method 
used directly influences the number of medications a 
patient consumes, thus affecting their odds of reporting 
polypharmacy. On the other hand, it may be that a need 
for more medicines influences the type of payment 
method an individual is eligible for (ie, reverse causality), 
although we attempt to control for health status in our 
model. Finally, it may be that the relationship is instead 
explained by confounding variables not accounted for in 
this analysis, though our model does include a wide range 
of controls.

For example, the socioeconomic gradient in health 
is well recognised. Those who earn lower incomes and 
have lower levels of education are frequently found to 
have poorer health, which in turn is associated with an 
increased risk of polypharmacy. Many of the subsidisa-
tion schemes we evaluated have eligibility criteria based 
on financial and/or medical needs. Therefore, socio-
economic factors were explicitly considered in order to 
reduce confounding. Employment status was found to 
be associated with polypharmacy, with retired individuals 
more likely to report polypharmacy than those who were 
employed. Those who identified their employment status 
as ‘other’ had higher odds than those in employment of 
reporting polypharmacy. This group includes individuals 
who may be unfit for work on the basis of medical grounds 
or disability and it is possible that this reflects health status. 
As has been demonstrated in other populations, higher 
levels of education were associated with lower rates of poly-
pharmacy after controlling for demographic and health 
factors.14 Our results show that those who had secondary 
education were less likely to report polypharmacy than 
those who had primary education alone. However, there 
was no statistically significant difference in polypharmacy 
for those who had third- level education compared with 
those with primary education alone.

A number of health- related behaviours that are associ-
ated with socioeconomic status and polypharmacy were 
also included as controls in our analysis. Obesity was found 
to be associated with higher rates of polypharmacy; it is 
unclear if this is a direct association or if this is accounting 
for a health effect not captured elsewhere. Health status 
is an important independent predictor of polypharmacy. 
It may also be directly or indirectly related to the payment 
method used and, therefore, we included a number of 
variables related to health status and healthcare usage in 
order to reduce confounding. Individuals who reported 
relatively poorer health were found to be significantly 
more likely to report polypharmacy, as expected. Self- 
reported health status has been found to be a valid tool 
for discriminating between health states and, in some 
cases, is predictive of mortality.29–31 Our results also show 
that the presence of at least one chronic illness was associ-
ated with a higher probability of reporting polypharmacy, 
which is also as expected.

Healthcare usage was also included in our model to 
account for features of poor health not captured in our 

https://dx.doi.org/10.1136/bmjopen-2019-036591
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health status variables. In line with a priori expectations, 
those who had relatively higher numbers of GP visits and 
outpatient attendances were more likely to report poly-
pharmacy. A potential criticism of the inclusion of health 
usage markers in our analysis is that medical visits are ‘on 
the causal pathway’ of polypharmacy. We re- estimated the 
multivariable models excluding the variables for GP and 
OPD visits in the last year (see online supplemental mate-
rials 1). There were no substantive changes in the results 
found. As such, we maintain that these variables are valu-
able in capturing health need without contributing to 
overadjustment bias.

While there were statistically significant associations 
between payment methods used to fund prescription 
charges and all of the dependent variables considered, 
the magnitude of the associations for extreme polyphar-
macy was notably smaller than those in the polypharmacy 
models. In particular, the association between enrolment 
in the LTI scheme and extreme polypharmacy (both with 
and without supplement use) was not statistically signifi-
cant at the 5% level. This may be due to a type II error, 
as the number of participants using the LTI scheme who 
reported extreme polypharmacy is small. Our results 
suggest that our findings are robust for polypharmacy, but 
that there is uncertainty around the association between 
LTI enrolment and extreme polypharmacy.

Strengths and limitations
Our analysis has a number of strengths. This study is 
the first to evaluate the relationship between payment 
methods used for prescription medications and the odds 
of reporting polypharmacy, while adjusting for a range of 
socioeconomic and health- related factors. Polypharmacy 
is an important and costly public health problem, and the 
results of our study provide new insight into this issue.

Second, we use data from a large, nationally represen-
tative cohort study that collects high- quality information 
on a range of key health, social and economic variables. 
Data collection is carried out by trained professionals in 
the participants’ home environment, with participants 
providing the details of all the medications they consume 
on a regular basis. Thus, the estimates of polypharmacy 
used here are likely to be more reflective of total number 
of medicines actually consumed, as opposed to the use 
of medical or pharmacy records which may be prone to 
administrative error. Additionally, the use of the TILDA 
data set allows us to control for a range of relevant factors 
that have previously been found to be correlated with 
polypharmacy. This reduces the issue of confounding, 
strengthening our finding of an independent associa-
tion between polypharmacy and payment methods for 
prescription charges.

A recognised limitation of our approach is the consid-
eration of polypharmacy in quantitative terms alone. 
While the most commonly used definitions of polyphar-
macy use numerical measures, there is a growing body of 
evidence that suggests polypharmacy should be consid-
ered in qualitative terms.3 17 32 Cadogan et al propose a 

distinction between ‘appropriate polypharmacy’ and 
‘inappropriate polypharmacy’.33 The argument follows 
that in many patients the use of a relatively large number 
of medications may be clinically appropriate and justified, 
and conversely, there may be a cohort of patients who use 
a relatively low amount of medications which may still be 
clinically superfluous. Notably, researchers who examined 
Irish data over a 15- year period found that although the 
overall polypharmacy rate was increasing, the relative rate 
of potentially inappropriate prescribing was decreasing.34 
While the qualitative approach to measuring polyphar-
macy may provide a more refined measure of the issue, 
the measurement process poses a significant challenge 
when taken in the context of the available evidence. The 
majority of the data available in this area are observa-
tional, derived from population- based cohort studies or 
registry- based databases. While some methods have been 
proposed, determining clinical and medical need from 
these data in order to optimally discriminate between 
appropriate and inappropriate polypharmacy is not 
always feasible.

A further limitation is that the variable used to capture 
the presence of chronic illness was a binary variable 
which indicated if a participant reported having at least 
one chronic illness or disability. This means we were not 
able to consider the role of multimorbidity (defined as 
at least two chronic illnesses), which may be important 
since polypharmacy can be driven by drug–disease inter-
actions or prescribing cascades. In addition, the variables 
used to account for health need in this analysis are self- 
reported. Therefore, we cannot guarantee that clinical 
need has been fully captured in our models. Finally, given 
the cross- sectional nature of our data and modelling 
approach, we have estimated the independent association 
between polypharmacy and payment method, as opposed 
to the causal relationship.

Implications
One implication of our results is that that the quantity 
of medications consumed by an individual may be influ-
enced by payment methods for prescription fees. Incen-
tives that increase the upfront cost faced by the patient 
at the point of use are often hypothesised to reduce util-
isation rates, and vice versa. Therefore, it could be that 
schemes that provide individuals with free or heavily subsi-
dised prescription medications result in higher relative 
medication consumption. This has potentially important 
efficiency and equity implications. On the one hand it 
could be that individuals who face relatively higher costs 
are constraining their medication intake due to financial 
barriers. On the other, it could be that individuals who 
receive free or heavily subsidised prescription charges 
may be consuming more medications than necessary, with 
little financial incentive to reduce consumption. Without 
knowing if polypharmacy is clinically appropriate or 
not, it is not possible to evaluate which effect is driving 
our results. In addition, the relationship observed may 
be explained by factors not included in the model. For 
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example, greater levels of multimorbidity may increase an 
individual’s chance of becoming eligible for entitlements 
to free or low- cost medications, while also increasing the 
likelihood that they would consume greater numbers of 
medications.

There are practical implications associated with our 
findings. First, we provide evidence that the majority of 
polypharmacy in older adults is concentrated among those 
who use publicly funded subsidies, namely the MC, DPS 
and LTI schemes. These schemes are under the remit of 
the PCRS, which compiles statistics on prescription drug 
use as part of the payment processing. Such data could be 
used to help disentangle appropriate and inappropriate 
polypharmacy, particularly if there was scope to link it to 
existing or planned clinical databases. Second, previous 
studies in Ireland have reported community- based inter-
ventions to be effective in reducing potentially inappro-
priate prescribing.35 The strong relationship between 
polypharmacy and higher GP visitation rates observed in 
this study supports the use of primary care- based inter-
ventions for targeting polypharmacy in older adults.

CONCLUSION
Payment methods for prescription drugs are inde-
pendently associated with the likelihood of older adults 
in Ireland reporting polypharmacy. This suggests that 
enrolment in a scheme which provides free or heavily 
subsidised medications may lead to differential use of 
medications. However, our study was limited by an inability 
to discriminate between appropriate and inappropriate 
polypharmacy, or to account for differential levels of 
multimorbidity. Therefore, further research is needed to 
fully disentangle the relationship between polypharmacy 
and payment methods for prescription drugs in order to 
inform future healthcare policy in Ireland.
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