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ARTICLE INFO ABSTRACT

Keywords: Background: Certain medications should be used with caution in older persons, which challenges rational pre-

Aged scribing. Potentially inappropriate medications (PIMs) are defined as medicines whose potential risk of harm

Potentially inappropriate medication typically outweighs the clinical benefits in geriatric population. Earlier studies have found regional differences in

Hea,lth servw,e ?Ccemblhty PIM use, but the factors underlying this phenomenon are unclear.

Regional variation .. o .. . - . .

Medicine use Objective: To compare prescription PIM prevalence among Finnish hospital districts and determine which pop-
ulation characteristics and factors related to social and health care are associated with regional variation.
Methods: This nationwide register study was based on the Prescription Centre data on all people aged >75 years
in 2017-2019. Hospital district (n = 20) characteristics were drawn from the Finnish Institute for Health and
Welfare’s, Finnish Medical Association’s, and Finnish Medicines Agency’s publicly open data. PIMs were defined
according to the Finnish Meds75+ database. A linear mixed-effect model was used to analyze potential associ-
ations of regional characteristics with PIM prevalence.
Results: Prevalence of PIMs varied between 16.4% and 24.8% across regions. The highest prevalence was
observed in the southern regions, while the lowest prevalence was on the west coast. Hospital district charac-
teristics associated with higher PIM prevalence were higher share of population living alone, with excessive
polypharmacy, or assessed using the Resident Assessment Instrument, shortage of general practitioners in
municipal health centers, and low share of home care personnel. Waiting time in health care or share of pop-
ulation with morbidities were not associated with PIM use. Of the total variance in PIM prevalence, 86% was
explained by group-level factors related to hospital districts. The regional variables explained 75% of this
hospital-district-level variation.
Conclusions: PIM prevalence varied significantly across hospital districts. Findings suggest that higher PIM
prevalence may be related to challenges in the continuity of care rather than differences in health care acces-
sibility or share of the population with morbidities.

1. Introduction medicines a person takes, the higher the risk for interactions and adverse
drug events. Old age is also associated with age-related changes in

Older persons are typically treated with a high number of medica- pharmacokinetics and pharmacodynamics, which result in drug sensi-
tions. Although polypharmacy may be well indicated, the more tivity. Given these features, optimal prescribing of medications in older
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Finnish Medical Association; GPs, general practitioners; LMM, linear mixed-effect model; CI, confidence interval; AIC, Akaike information criterion; ICC, intraclass
correlation coefficient; RAI, Resident Assessment Instrument; OTC, over the counter.
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persons challenges health care professionals, and certain medications
should be prescribed with caution.

Potentially inappropriate medications (PIMs) are often defined as
medicines whose potential risk of harm outweighs the clinical benefits in
geriatric population.” Earlier studies have found that PIM use is asso-
ciated with negative outcomes, such as risk for falls, poor health-related
quality of life, and risk of emergency hospital attendance in older per-
sons.”>* Several criteria for PIMs have been published to guide clinicians
to avoid prescribing such medications for older persons.”° In Finland,
the Meds75+ database is developed to improve the safety of pharma-
cotherapy in older persons aged 75 and over and is intended to define
PIMs.”

Despite the known risks, PIM use is common among the older pop-
ulation with a prevalence of 22.6% in Europe.® Several studies have also
determined the inappropriate prescribing nationally and found regional
variations.” '* These studies raise a question of which factors explain the
non-uniform distribution of PIMs.

Various studies have reported patient-related factors associated with
PIM use, such as weak physical performance, depression,® cognitive
impairment,'>'® emergency department visits,'” hospitalization,'®
living alone,'® and polypharmacy and multimorbidity.**°%? However,
studies determining the association between factors related to social and
health care, such as waiting times, and PIM use are scarce. However,
previous studies have identified a lack of geriatric knowledge, busy
working environment, and polypharmacy as perceived barriers to follow
published PIM criteria.’®?* These findings underline the importance of
studying the association of differences related to social and health care
service provision with PIM prevalence.

The hypothesis of this study was that significant regional variation in
PIM use exists. The aim was to recognize which differences in population
characteristics and factors related to social and health care are associ-
ated with higher PIM use among Finnish hospital districts. Data from
nationwide registers was applied to assess the regional variation in PIM
use and possible underlying factors.

2. Methods
2.1. Context

The Finnish health care system is based on public services divided
into primary and specialized health care.?® Public primary health care
services are provided at municipal health centers, and municipalities
form hospital districts (n = 21) that are responsible for specialized
medical care. The Social Insurance Institution (SII) of Finland provides
National Health Insurance (i.e., tax-supported public social security
coverage) for Finnish residents, including coverage for sickness-related
expenses (e.g., reimbursements for medicine expenses).”® The reim-
bursability of a medicine (reimbursement rate 40%-100% of the price)
is confirmed for prescription medicines and treating of an illness or
clinical condition stated in the summary of product characteristics.?’
Unless the reimbursability is confirmed, customers must pay the full
price. Approximately 90% of the Finnish prescription medicines avail-
able in the pharmacies are reimbursable.?®

In Finland, the mean population aged >75 years increased from
500,821 to 518,276 between the years 2017-2019, and the proportion
of this age group of the total population varied between 6.8% and 14.3%
across hospital districts (n = 21).%°

2.2. Definition of the prevalence of PIM use

The data to calculate the prevalence of PIM use were obtained from
the Prescription Centre, which is a national database of human pre-
scription data maintained by the SIL°° The database includes all pre-
scriptions (including information on the physician’s specialty) and their
purchasing events made by pharmacies in electronic form. The data are
nationally comprehensive since 2017. The study data considered all
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dispensed prescription PIM purchases by Finnish persons aged >75
years in 2017-2019. PIMs were defined according to the Finnish
Meds75+ database.” The database includes prescription medicines used
mainly in primary health care that have at least 500 users aged >75
years annually. The database places drug substances in one of the four
categories: suitable for older persons (category A), current evidence or
experience on the use in older persons is vague, or efficacy of the
medicine is insufficient (B), suitable for older persons with specific
cautions (C), and avoid use in older persons (D). The category D medi-
cines are considered PIMs. The database is continuously updated, and,
for the purpose of this study, the list of PIMs was formed on July 2, 2020,
and it consists of 91 active substances (see Additional file 1).

Prescription Centre

274,114 persons with at least one
prescription PIM purchase

2017: n=168,432
2018: n=165,984
2019: n=157,673

EXCLUDED

non-reimbursed medicine purchases

188,696 persons
2017: n=113,033
2018: n=110,688
2019: n=110,463

EXCLUDED
hospital district of the Aland Islands

ELIGIBLE DATA
187,753 persons
2017:n=112,490
2018: n=110,104
2019: n=109,856

Fig. 1. Flowchart of the data to calculate the prevalence of PIM use.



J. Paulamaki et al.

Altogether, there were 274,114 persons aged >75 who had at least
one prescription PIM purchase during the observation period (Fig. 1).
Since the information of the hospital district was only available for
reimbursed PIM purchases, the non-reimbursed purchases were
excluded from the data, leaving 188,696 older persons. In addition,
certain regional explanatory statistics for the hospital district of the self-
governing province of the Aland Islands (mean population aged >75
years in 2017-2019: N = 2652-2,874°°) were missing or invalid and,
therefore, excluded. Finally, to calculate the prevalence of PIM use and
to assess regional variation in 20 hospital districts, the data consisted of
187,753 older persons. The prevalence of PIM use was calculated based
on the census data obtained from Statistics Finland (mean population
aged >75 years in 2017 (N = 500,821), 2018 (N = 506,885) and 2019
(N = 518,276)).%

2.3. Regional variables

Population characteristics and factors related to social and health
care (later referred to as “regional variables™) were drawn from public
data sources of the Finnish Institute for Health and Welfare (THL), the
Finnish Medical Association (FMA), Finnish Medicines Agency Fimea,!
and Official Statistics of Finland.?’ THL is a state-owned expert and
development institute that gathers and produces information based on
research and register data as publicly open data.>? The data on social
and health care and population characteristics are provided in the Sot-
kanet Indicator Bank.>® The Sotkanet provides both nationwide data and
descriptions on interpretations and data sources, and it is utilized by
many entities, including authorities, social- and health-care organiza-
tions, and citizens. For example, adequate staffing levels in older people
services have been monitored by THL since 2014. Personnel vacancy
data are collected from municipalities (response rate 71-95% in year
2018) and reported as share of home care personnel of the total number
of personnel in units of home care and 24-h care for older people. The
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FMA is a professional organization that annually publishes register- and
survey-based data on the number of general practitioners (GPs) and
physicians’ employment, such as shortage of GPs (i.e., share of unfilled
positions of all GP vacancies, the positions have been open for appli-
cation but have not been occupied).34

Potential regional variables were searched from Sotkanet, FMA, and
Fimea data. Identified variables were grouped into the following five
categories: 1) sociodemographic factors, 2) morbidity and medication
use, 3) functional ability and quality of life (such as physical, mental,
cognitive, and social), 4) social and health care service provision, and 5)
economic factors (see Additional file 2). Earlier studies®'®2?%%* were
utilized to select appropriate explanatory variables from the identified
potential options. The variables were reviewed for missing data and to
avoid duplication and excess multicollinearity. Descriptive analyses
were conducted to provide a summary of the 15 selected explanatory
variables (Table 1).

2.4. Statistical analyses

The regional prevalence was calculated by dividing the number of
older persons with at least one PIM purchase by annual mean population
aged >75 years. PIM prevalence was presented as annual percentages
per hospital district. In addition, the change in the number of PIM users
from 2017 to 2019 was presented as percentages per hospital district.

A linear mixed-effect model (LMM) with PIM prevalence as the
dependent outcome measure was conducted to determine the associa-
tion of regional variables with PIM prevalence (see Additional file 3).
LMM was used because it accounts for the expectation that the repeated
measures from the same hospital district are more similar to each other
than to those from other hospital districts. Therefore, the assumption of
independence of observations and equal variance across hospital dis-
tricts may be violated. In addition, the correlation between observations
within three years is not constant, as observations closer to each other in

Table 1
Characteristics of explanatory variables of Finnish hospital districts (n = 20) in 2017-2019.

Category Explanatory variable Median  Min Max Level”

Sociodemographic factors Proportion of persons aged >85 years, % of total population aged >75%° 29.4 26.4 31.9 Year
Living alone, population aged >75 years, % of total home-dwelling population of same age®* 47.2 40.8 50.2 Year

Morbidity and medication use Reimbursement for antidepressants in those aged >65 years, % of total population of same age®  11.8 8.8 14.4 Year
Reimbursement for medicines for the treatment of Alzheimer’s disease in those aged >65 years, % 3.3 1.1 6.0 Year
of total population of same age™”
Ten or more reimbursed medications purchased in those aged >75 years, % of total population of ~ 13.1 9.0 17.2 Year
same age”, '

Functional ability and quality Regular home care clients aged>75 years, % of total population of same age™ 17.6 9.1 23.8 Year

of life
Social and health care service Proportion of persons aged >75 hospitalized during the year per 1000 persons of same age®” 342.2 238.5 42438 Year
provision Emergency department visits in specialized health care of those aged >75 years per 1000 persons ~ 457.8 243.4 1011.4  Year
of the same age™
Emergency visits in primary health care of those aged >75 years (incl. joint emergency 679.0 11.2 1692.5  Year
department) per 1000 per persons of the same age®*
PIM prescribed by a geriatrician, % of total number of PIM users*’ 2.6 0.3 7.5 Year
Assessed using the RAI, persons aged >75, as % of total population of same age®® 11.0 0.1 22.1 Year
Waiting time for elective outpatient visit (physician) in primary health care exceeds 7 days from  49.3 11.6 71.8 Year
assessment of need for treatment, % of all appointments, **
Waiting time for elective outpatient visit (physician) in primary health care exceeds 3 months 2.6 0.0 17.3 Year
from assessment of need for treatment, % of all appointments", 3
Physician shortage in municipal health centers, %°, ** 8.5 1.4 31.4 Hospital
district
Share of home care personnel of the total personnel in services for older people, %', ** 37.0 28.0 50.0 Hospital
district

PIM potentially inappropriate medication; RAI Resident Assessment Instrument.
# Year = 1-level, data available for three years 2017-2019; hospital district = 2-level, contextual variables, data available for one year only.

b During August to November.
c

in home care and long-term care.

4 In October.

¢ Data available only for 2020, proportion of unfilled positions of all GP vacancies.

f Data available only for 2018, proportion of home care personnel of the total number of personnel in home care and 24-h care.
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time are more similar than observations more distant in time.

Given the dependence between observations (i.e., repeated measures
within a hospital district), the data were considered 2-level data
(Fig. 2).%° The explanatory observations at set time points (i.e., year) and
the dependent variable (i.e., annual PIM prevalence) were on the first
level, whereas the individual hospital districts under study were on the
second level. The covariance structure for the random errors associated
with observed values of the dependent variable was estimated as
first-order autoregressive structure with heterogeneous variances. The
continuous regional explanatory variables were considered as fixed ef-
fects and the model was fitted by maximum likelihood estimation.

In the LMM, p-values are provided for each estimate of fixed effects
and 95% confidence interval (CI) was provided for each fixed coeffi-
cient. Akaike information criterion (AIC) was used for assessing model
fit, and p-values <0.05 were considered to indicate statistical signifi-
cance. The observations within each hospital district are correlated and,
therefore, random intercepts and random slopes were modelled for each
hospital district. These accounted for the clustering of the data and
provided estimates of hospital-district-level variation. The statistical
analyses were performed using the IBM©O SPSS© Statistics software,
version 27.

The appropriateness of the LMM modelling approach was evaluated
by testing a “Null model” (no explanatory variables) including only the
dependent variable (i.e., PIM prevalence) and the grouping variable (i.
e., hospital district). The intraclass correlation coefficient (ICC) of the
Null model describes to what extent the overall variance in PIM preva-
lence is explained by differences between hospital districts during the
three-year observation period. The Null model revealed significant (p <
0.05) variation between hospital districts, supporting the multilevel
modelling. Since the use of the multilevel model was appropriate, the
model included the explanatory variables and time as fixed effects. In
this study design, explanatory variables were analyzed as within-subject
covariates (1-level). However, GP shortage and share of home care
personnel were available only for 2020 and 2018, respectively, and were
considered as contextual variables (2-level). The coefficient of deter-
mination of the final model describes the proportion of the variation in
PIM prevalence that was explained by the regional variables in the
model.

3. Results

Altogether, 187,753 older persons (mean age 81.6 [SD 5.0] years,
65% female) had purchased at least one PIM during the observation
period, resulting in annual prevalence of 21.3%-22.6% across the
country. The annual prevalence of PIM use varied from 16.4% to 24.8%
across hospital districts (Table 2). The highest prevalence was in the
southern regions, whereas the lowest was on the west coast (Fig. 3). The
PIM use was higher in the southern regions, such as Helsinki and
Uusimaa, where the share of population aged >75 years was the lowest.
The annual PIM prevalence constantly decreased during the three-year
period across the regions. Moreover, the number of PIM users
decreased in all regions except for Helsinki and Uusimaa (Table 2).
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Table 2
The annual prevalence of PIM use across Finnish hospital districts in 2017-2019.

Hospital districts Year Percentage change in the
2017%  2018%  2019% number of PIM users from
2017 to 2019
Overall 22.6 21.9 21.3 -2.3
prevalence in
Finland
Kymenlaakso 24.8 24.1 24.1 -1.2
Helsinki and 24.2 23.6 22.9 1.3
Uusimaa
Central 23.9 22.8 22.8 -1.9
Ostrobothnia
North Savo 23.7 22.7 22.3 -5.2
Kainuu 23.7 23.0 22.7 —-4.0
Paijat-Hame 23.1 22.3 21.7 -1.7
Southwest Finland ~ 23.0 22.6 22.1 -0.7
Central Finland 22.8 21.8 21.3 —-4.1
North Karelia 22,5 21.5 21.5 -35
South Karelia 22.4 22.7 21.6 —2.4
South Savo 22.4 20.9 21.1 —4.6
Pirkanmaa 22.3 21.5 20.6 —4.1
Kanta-Hame 22.3 21.4 21.0 -3.0
Satakunta 21.1 20.2 20.0 -3.8
Lapland 20.7 20.2 19.0 -7.3
South 20.6 20.1 20.0 -2.3
Ostrobothnia
Northern 20.3 19.5 18.9 -3.7
Ostrobothnia
East Savo 20.3 18.7 18.1 —-10.0
Lénsi-Pohja 18.7 18.4 16.4 -11.7
Vaasa 18.3 17.2 16.6 —6.8

PIM potentially inappropriate medication.

3.1. Factors associated with higher PIM use

The results of the LMM model showed that a higher share of the
population living alone, with excessive polypharmacy (i.e., concomitant
use of ten or more medicines), and assessed using the Resident Assess-
ment Instrument (RAI), higher physician shortage in health centers and
lower share of home care personnel of the total personnel in services for
older persons were associated with higher PIM prevalence (Table 3).
However, factors such as waiting time and share of population with
Alzheimer’s disease or depression, were not associated with PIM use.
The AIC for Null model (197.8) decreased (i.e., improved) as the
explanatory variables were included in the final model (131.5). Ac-
cording to the ICC of the Null model, 86% of the total variance in PIM
prevalence was explained by group-level factors related to hospital
districts. Furthermore, the regional variables explained 75% of the
hospital-district-level variation in PIM prevalence.

4. Discussion
In line with the study hypothesis, PIM prevalence varied markedly

across the Finnish hospital districts in years 2017-2019. Every sixth or
even as many as every fourth older person had at least one prescription

4 — )

Level 2: Hospital ;

district dﬂospn"ﬁ)
[i =20 members] ASEIGE
\ ~——T——" J
r I p - i
Level 1: Year
[j = three members | timepoint, timepoint,;, timepoint,
per unit i]

- > o J

Fig. 2. Format of the mixed model diagram for 2-level hierarchical study of hospital districts and repeated measurements over time.
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18 20 22 24

PIM prevalence
(%)

PIM purchase annually. Earlier studies in the United States have found
higher variation in PIM prevalence, from 5% to 55% among persons
aged >65 years with a similar regional pattern.”'? This study also re-
ports lower variation compared to the study conducted in the munici-
palities of Northern France, which found higher variation from 24% to
54% among older people aged >75 years.'> Compared to an earlier
Finnish population-based register study reporting a PIM prevalence
from 27% to 39% across Finnish hospital districts, the present study
found a lower prevalence.'? Although PIM use has decreased from the
earlier study, the prevalence between hospital districts in the present
study varies approximately ten percentage points, indicating that
regional variation is still large.

The present study also found that regional differences in social and
health care service provision are associated with variation in PIM use,
whereas, contrary to expectations and earlier studies,®'>'° share of the
population with morbidities (e.g., reimbursements for Alzheimer’s dis-
ease and antidepressants) or factors related to weakened functional
performance (e.g., share of home care clients) were not. These findings
are similar to an earlier Finnish study, which found no association be-
tween morbidity index and PIM use.'* Furthermore, PIM use was not
pronounced in the regions with the highest share of older population.

This study concluded that a shortage of GPs in municipal health
centers, a higher share of older persons with excessive polypharmacy,
and a lower share of home care personnel are associated with higher PIM
prevalence. These associations may be a result of insufficient resourcing
and poor continuity of social and health care. In most areas the attempt
is that the patient visits the same GP but because of inadequate recourses
and increasing workload in primary health care, personal doctor
schemes can rarely be applied.>® Physicians may repeat the prescriptions
without face-to-face contact, which is problematic especially in the case
of medicines, such as hypnotics, that are intended for short-term use
only. 57 GPs also perceive renewing electronic prescriptions as more of a
technical task>® and feel they do not have time to convince the patient of
a more appropriate medication while having a busy schedule.®® This
fallen patient-doctor relationship is especially problematic in the case of
frail older people if changes in their chronic diseases and treatment
needs are not recognized. In addition, the share of posts filled by

Population aged
75 and over (%)
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Fig. 3. Regional variation of the mean PIM preva-
lence and mean proportion of population aged >75
years across the hospital districts in years 2017-2019.
Mean population aged >75 years in Finland in 2017:
N = 500,820.5; 2018: N = 506,884.5; and 2019: N =
518,276.0).%° CF Central Finland; CO Central Ostro-
bothnia; SO South Ostrobothnia; ES East Savo; HU
Helsinki and Uusimaa; KAI Kainuu; KH Kanta-Hame;
KYM Kymenlaakso; L Lapland; LP Lansi-Pohja; NK
North Karelia; NO Northern Ostrobothnia; NS North
Savo; P Pirkanmaa; PH Paijat-Hame; S Satakunta; SK
South Karelia; SS South Savo; SW Southwest Finland;
V Vaasa.

12

8

10

substitutes in Finnish primary health care has increased, meaning that
the increasing number of GPs does not bring continuity of care.*’
However, continuity of care as such could not be analyzed in this study.
On the other hand, the present study found that factors related to service
accessibility, such as visits to the emergency department, need for hos-
pital care, or waiting time in primary health care, were not associated
with PIM prevalence. This finding supports previous conclusions, ac-
cording to which the mere monitoring of waiting time for the initiation
of care does not describe the quality of care or development of
continuity.*!

The association between excessive polypharmacy and higher PIM
prevalence existed, as expected, as older persons often have an
increasing number of comorbid conditions whose treatment may require
controlled use of PIMs. With such patients, continuity of care is espe-
cially important, and monitoring of chronic illnesses should take place in
primary health care. However, due to the shortage of GPs, multiple
physicians may be involved in a patient’s pharmacotherapy. This is
problematic since an earlier review has identified physicians’ unwill-
ingness to discontinue medications started by a colleague as a barrier to
effective and appropriate prescribing in older persons.42

The present study also found that the higher the share of persons
aged >75 years living alone, the higher the PIM prevalence. The asso-
ciation is not unexpected since older people living alone can be
considered more vulnerable, as they are at risk for negative physical and
mental health outcomes and loneliness.*>"* These outcomes may be
further treated with PIMs. Two previous studies have further demon-
strated that social networks and support are related to better self--
management.*>*® The present finding is also supported by an earlier
study based on the Beers and French criteria concluding that the risk for
PIM consumption was higher with older persons living alone.'’

The association between less personnel assigned to home care and
higher PIM use may indicate under-resourcing. Home care nurses have
identified challenges in managing polypharmacy, and a lack of
communication with GPs leads to a lack of proper follow-up and inap-
propriate medication use.*’ In addition, the low share of personnel may
lead to busy or missed home care visits.’® According to an annual na-
tional report, 25% of Finnish home care units experience personnel
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Table 3

Linear mixed-effect model for PIM use and association of factors related to social
and health care and population characteristics in hospital districts in
2017-2019.

95% Confidence
Interval

Estimate p-value

Lower
Bound

Upper
Bound

6.438
Reference
-0.972
-1.761

Intercept —9.686 22.563 0.426

Year 2017

Year 2018

Year 2019

1-level variables

Proportion of persons aged >85, %
of total population aged 75 and
older

Living alone, population aged >75,
% of total home-dwelling
population of the same age

Reimbursement for
antidepressants in those aged
>65, % of total population of the
same age

Reimbursement for medicines for
the treatment of Alzheimer’s

—1.626
—2.700

—0.318
—0.822

0.004
<0.001
—0.267 —0.560

0.027 0.073

0.498 0.264 0.732 <0.001

0.180 —0.195 0.554 0.331

—-0.017 —0.437 0.402 0.933
disease in those aged >65, % of
total population of the same age

Ten or more medications
purchased in those aged >75, %
of total population of the same
age”

Proportion of persons aged >75
hospitalized during the year per
1000 persons of the same age

Emergency department visits in
specialized health care in those
aged >75 per 1000 persons of
the same age

Emergency visits in primary health
care in those aged >75 (incl.
joint emergency department) per
1000 persons of the same age

PIM prescribed by a geriatrician, %
of total number of PIM users

Regular home care clients aged
>75, % of total population of the
same age

Assessed using the RAI, persons
aged >75, as % of total
population of the same age

Waiting time for elective
outpatient medical visit
(physician) in primary health
care exceeds 7 days from
assessment of need for

0.270 0.038 0.502 0.024

—0.001 —0.010 0.008 0.809

—-0.001 —0.004 0.001 0.269

<0.001 —0.001 0.000 0.088

0.088 —0.049 0.224 0.203

—0.024 -0.137 0.090 0.674

0.072 0.019 0.124 0.009

<0.001 —0.014 0.013 0.986

treatment, % of all
appointments”

Waiting time for elective
outpatient medical visit
(physician) in primary health
care exceeds 3 months from
assessment of need for

—-0.005 —0.042 0.032 0.786

treatment, % of all
appointments”

2-level variables

Physician shortages in municipal
health centers, %°

Share of home care personnel of
the total personnel in services for
older people, %

0.105 0.034 0.175 0.007

—0.143 —0.233 —0.052 0.005

PIM potentially inappropriate medication.
RAI Resident Assessment Instrument.

# During August to November.

® In October.

¢ Proportion of unfilled positions of all GP vacancies.

4 Proportion of home care personnel of the total number of personnel in home
care and 24-h care.
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shortage.‘w Working overtime in home care units is common, causing
strain for the personnel. This should be taken into consideration when
planning services for older people, as studies from nursing homes show
that staff distress is associated with the prescribing of antipsychotics and
anxiolytics.”*!

Interestingly, higher coverage of RAI was associated with higher PIM
prevalence. This finding is contrary to assumptions, since RAI is a
person-centered standardized tool to provide comprehensive informa-
tion on the health status and needs of the older person and is intended
for making a treatment and service plan,”>°* and high utilization of RAI
demonstrates that services are targeted more efficiently and equal access
to health services is ensured.”® The reasons underlying this finding
remain unclear, but it is possible that RAI assessments point out health
concerns and needs of medical therapy that might otherwise be left
unnoticed and are further treated with PIMs.

4.1. Strengths and limitations

The present study has several strengths. First, this study is based on
nationwide prescription register data covering most medication use in
Finland. In addition, the Sotkanet Indicator Bank, utilized also by au-
thorities and policy makers, provided comprehensive data on social and
health services and population characteristics. These data are based on
mandatory national reporting, ensuring high coverage.”® Second, the
present study includes several factors on the level of social and health
care, whose association with PIM use have not been studied before.
While the present study found an association between social and health
care service provision and higher PIM use, the results also pointed out
important factors not associated with PIM use, such as waiting time in
primary health care.

There are also limitations that should be noted. First, the data were
restricted to reimbursed prescription purchases delivered from phar-
macies, meaning that non-reimbursed purchases as well as institutional,
hospital, and over-the-counter (OTC) medicines were not included.
Therefore, the prevalence of PIM use may be underestimated, but the
deficit is expected to be small since 90% of the prescription medicines
available from Finnish pharmacies are reimbursable and only approxi-
mately 1% of persons aged >75 years live in institutions. In addition,
only nine out of 91 substances defined as PIMs in Meds75+ database are
available also without prescription, and as OTCs are intended for short
term use only. Moreover, these limitations are unlikely to negate the
observed associations with PIM use. Second, the regional factors
explained only partially the variation in PIM prevalence across the
hospital districts. Although the coefficient of determination was high
and the CIs of fixed coefficients were narrow, indicating there was no
considerable variation between the districts, it must be noted that the
effect of individual variables is weak. Thus, there are also other factors
explaining PIM use. It would have been interesting to study, for
example, age-specific economic factors, such as expenditures in
specialized health care, but necessary data were not available. Also, the
search of regional explanatory variables identified many potential var-
iables, such as morbidity index, that had to be excluded to avoid overlap
and excess correlation of factors in the model. Finally, regional variation
in PIM use between municipalities within hospital districts has been
shown to be large.* Therefore, municipality-level data might have
provided a more accurate picture of the association between factors
related to social and health care and PIM prevalence.

5. Conclusions

PIM prevalence varied across the Finnish hospital districts. The
findings suggest that higher PIM prevalence may be related to the
challenges in the continuity of care rather than to differences in health
care accessibility, share of the older population, or share of the popu-
lation with morbidities such as Alzheimer’s disease or depression. The
previously identified challenges (e.g., insufficient resources) and risks
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(e.g., excessive polypharmacy) in social and primary health care seem to
challenge the implementation of rational pharmacotherapy for older
persons. This should motivate policy makers and future studies to
examine whether targeting these factors have an impact on reducing
PIM use and improving rational pharmacotherapy in older persons.
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