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Inter-practice variation in polypharmacy
prevalence amongst older patients in primary care
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ABSTRACT
Purpose
Complex medication management in older people with multiple chronic
conditions can introduce practice variation in polypharmacy prevalence. This
study aimed to determine the inter-practice variation in polypharmacy
prevalence and examine how this variation was influenced by patient and
practice characteristics.
Methods
This cohort study included 45,731 patients aged 55 years and older with at least
one prescribed medication from 126 general practices that participated in
NIVEL Primary Care Database in the Netherlands. Medication dispensing data
of the year 2012 were used to determine polypharmacy. Polypharmacy was
defined as the chronic and simultaneous use of at least five different
medications. Multilevel logistic regression models were constructed to quantify
the polypharmacy prevalence variation between practices. Patient characteristics
(age, gender, socioeconomic status, number, and type of chronic conditions) and
practice characteristics (practice location and practice population) were added to
the models.
Results
After accounting for differences in patient and practice characteristics,
polypharmacy rates varied with a factor of 2.4 between practices (from 12.4% to
30.1%) and an overall mean of 19.8%. Age and type of conditions were highly
positively associated with polypharmacy, and to a lesser extent a lower
socioeconomic status.
Conclusions
Considerable variation in polypharmacy rates existed between general practices,
even after accounting for patient and practice characteristics, which suggests
that there is not much agreement concerning medication management in this
complex patient group. Initiatives that could reduce inappropriate heterogeneity
in medication management can add value to the care delivered to these patients.
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INTRODUCTION

In older people, who are frequently diagnosed with multiple (chronic) conditions,[1]
regular use of multiple different medications is common.[2] As a consequence,
appropriate prescribing is often not that simple or apparent for physicians.[3-5] On
the one hand, prescribing according to recommendations stated in practice guidelines
may result in an excessive amount of medications which, in turn, may lead to poor
adherence and adverse effects.[6-8] On the other hand, when deciding not to
prescribe an additional medication, uncertainty remains about potential benefits of
the omitted medication to the patient.[9, 10] Overall, for patients with multiple
chronic conditions, who are usually treated in primary care, several pharmaceutical
treatment options seem possible and adequate, influenced by the physician's and the
patient's perspective, which may lead to variation in medical behavior and practice
variation.[11, 12] More focused on the number of medications prescribed for a
patient, complex medication management might result into practice variation as
regards the number of patients with multiple medications or polypharmacy.
Polypharmacy is the simultaneous use of several medications and is often defined as
the chronic use of at least five different medications.[2, 13, 14] Polypharmacy has
been associated with reduced medication adherence, an increased risk for potentially
inappropriate medication use, adverse drug reactions, and unplanned
hospitalizations.[6-8] Studies have demonstrated that a higher age, lower
socioeconomic status (SES), a higher number, and the type of diagnosed conditions
are suggested to be positively associated with polypharmacy. Findings of a gender
effect are inconsistent.[2, 6, 15]
When variation in medication prescribing, and polypharmacy, cannot be justified or
explained by differences in the patient population and their clinical
characteristics,[16-18] this points towards other factors involved in decision-making
on a higher level (practice level), for instance, contextual factors, or a lack of
consensus about the chosen pharmaceutical treatment.[11, 12] Available studies on
practice variation and medication prescribing focused on the use of potentially
inappropriate medications in older patients,[8, 19, 20] and to our knowledge, only
one study examined the broader concept of polypharmacy in relation to practice
variation.[21] They found a sixfold variation between practices in the prevalence rate
of polypharmacy; part of this variation could be explained by practice structure,
workload, and prescribing profile. Although they adjusted for age and gender, other
assuming relevant patient characteristics were not included in this study.[21]
Quantifying and understanding practice variation as regards polypharmacy
prevalence is relevant, as it can highlight the complexity in managing these patients
and may provide clues to facilitate prescribing medications in this patient group.
Therefore, the aim of this study was to examine the inter-practice variation of the
prevalence of polypharmacy amongst older patients in primary care and how this is
influenced by patient and practice characteristics. Based on previous studies,[2, 6,
15, 17, 22, 23] our hypothesis was that patient characteristics (age, gender, SES, and
chronic conditions) were associated with polypharmacy and could explain part of the
variation between practices, and we hypothesized that some of the practice variation
could be explained by differences in practice population. In some general practices,
physicians might be more experienced with managing older complex patients with
polypharmacy, which could result in less uncertainty in management. In previous
studies,[8, 17, 20] it was found that the type of practice or practice size and the
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practice location were associated with (high risk) prescribing. Our hypothesis was
that practice size could explain some practice variation because in larger practices,
several physicians share work environment and cultural aspects and can therefore
have a more similar prescribing behavior than physicians from different
practices.[12]
METHODS

Database and study population
In this cohort study, we used linked data from routine electronic medical records
(EMR) of general practices that participate in a network of a representative sample of
practices in the Netherlands, the NIVEL Primary Care Database (NIVEL-PCD),[24]
and from dispensing data of a sample of public pharmacies that supplied data to a
pharmacy-dispensing registration database (i.e., the Foundation for Pharmaceutical
Statistics, SFK).[25] The general practitioner (GP) in the Netherlands, and several
other countries, has a gatekeeper role for access to specialized care.[26] As a result,
EMR records from the GP are likely to be most complete, hold information from
other health professionals like the medical specialists, who manage the patient as
well, and include the total population as all Dutch inhabitants are obligatory listed to
a GP. The sample of participating pharmacies in NIVEL-PCD is representative as
regards the age and gender, compared with the total sample of pharmacies in the
Netherlands.[27] Linkage was based on matching records from variables available in
both data sources, namely, gender, year of birth, four-digit postal code, date of
dispensing/prescribing, and the Anatomic Therapeutic Classification code (ATC) of
a medication (i.e., A10BA02 metformin). Linkage was accepted if at least half of the
prescriptions (NIVEL-PCD) matched with the dispensed medications (SFK) within a
lag period of 0–6 days.[28] We included older patients, specified as those aged
55 years and older, who were registered on the full calendar year of 2012 in a
participating general practice. From NIVEL-PCD, we extracted demographic
information and morbidity data from patients' EMRs. To determine polypharmacy,
information about the chronic usage of patients' prescribed medications was needed.
Accurate information about the duration of a prescription and its daily dosage was
available in the SFK database. Dispensed data from SFK was also considered more
complete as regards the medications prescribed in specialized care, rather than
prescription data from NIVEL-PCD. Moreover, dispensed data represent actual
usage of medications more closely than prescription data as the medications were
actually distributed from the pharmacy to the patient. Therefore, from SFK, we
extracted data of patients' dispensed medications. Of the population aged 55 years
and older with at least one prescription (117,232 patients) 45,731 patients from 126
general practices participating in NIVEL-PCD were identified in 120 pharmacies that
supplied data to SFK (mean number of prescriptions linked population vs. non-linked
population 22.3 and 22.8, respectively).
Measures
Polypharmacy
The definition of polypharmacy (no/yes) was derived from the Dutch
multidisciplinary guideline of Polypharmacy in the elderly[29]; five or more
chronically used medications with different ATC codes at the third level (e.g.,
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R03B), which were used simultaneously for at least 1 day in 2012. Chronic usage
was defined as four or more prescriptions of a medication (i.e., similar ATC codes at
the third level) or a medication prescribed for at least 90 days.[29] See Box 1 for
more information.
Box 1. Additional information related to the operationalization of the outcome
variable polypharmacy
For the prescription duration period, recorded information about the amount of doses
dispensed by the pharmacist and about the daily defined dose for the patient was
applied. The prescribed periods of all chronically used medications determined
whether five or more different medications were used simultaneously for at least
1 day in 2012 (i.e., polypharmacy). Dermatologicals for topical usage were excluded
of the count because these medications usually do not interact with other (systemic)
medications.[29] Antibiotics (i.e., ATC codes “J01”) were also not taken into
account because they are almost exclusively prescribed for acute infections. For
some dispensed prescriptions, there was no or incorrect information about the
dispensed dosage or daily prescribed dosage. For these prescriptions (11% of all
prescriptions in the dataset), the prescribed period was considered the period between
the first and last dispensing date of that medication. We have set 120 days between
two dates as the maximum number of days to be considered as a consecutive period.
If there were more than 120 days between two dates, this was considered as a gap in
using.
Patient characteristics
We included age, gender, SES, the number of chronic diseases, and the type of
chronic diseases in the analyses. Age was divided in seven 5-year categories (55 to
≥85 years). For SES, a ‘status score’ was applied, based on patients' four-digit postal
codes (neighborhood level), developed by the Netherlands Institute for Social
Research.[30] It was established in 2010 with four indicators (mean income, the
proportion of people with a low education level, low income, and unemployed).
Similar to previous studies,[30, 31] we divided the scores into quintiles, and patients
with a score in the highest and lowest quintile indicated patients living in a
neighborhood with a high and low SES, respectively. Scores of patients within the
middle three quintiles indicated patients living in a neighborhood with a medium
SES. Based on previous studies, we selected 29 chronic diseases using constructed
disease episodes of recorded morbidity data from GPs' EMRs.[32, 33] The number of
chronic diseases was divided into three categories (0–1 chronic disease, 2–4 diseases,
and ≥5 diseases). Multimorbidity was defined as two or more chronic diseases
(no/yes).
Practice characteristics
Three measures on GPs' experience with managing complex patients were studied.
The measures were “proportion elderly patients” operationalized as the proportion
patients of ≥70 years in a practice from the total practice population, “proportion
patients from a low SES neighborhood” and “proportion multimorbid patients.” The
variable “proportion patients from a low SES neighborhood” was divided in three
categories (i.e., 0–10%, 10–50%, and ≥50%) because of the skewness of the data.
We also analyzed the practice type (i.e., solo, duo, and group), the practice's degree
of urbanization in three categories (highly, moderate, and not urbanized) and practice
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size (i.e., small, medium, and large), based on the practices' number of listed patients
divided into tertiles.
Statistical analysis
Descriptive statistics described the study population. To examine inter-practice
variation in polypharmacy prevalence, we constructed multilevel logistic multivariate
regression models with patients (level 1) clustered within general practices (level 2),
polypharmacy as the dependent variable, the patient and practice variables as
determinants, and the practice level as random effect. In order to test our hypotheses,
the first model included the patient-related variables gender, age, SES, and number
of chronic conditions as determinants. In model 2, we added 29 types of chronic
conditions, and it considered the full model as regards the patient-related variables.
In model 3, the practice population variable “proportion patients with
multimorbidity” was added, as well as the variable concerning the practices' degree
of urbanization. The other variables on practice level were not included into the
multivariate model because their p-values were ≥0.20 when adding them to model 2
separately. All determinants were centered on their mean to make the results more
interpretable. In all models, we adjusted for the practice's type of electronic medical
record software system to account for possible differences in registration methods.
Only patients with complete data were included in the multilevel analysis, and
practices with a minimum number of 50 patients to estimate robust models. Besides
the odds ratio (OR), 95% confidence interval (CI), and p-value indicating the
association between polypharmacy and the determinants, we reported the practice
variance component as an estimation of the variance of the polypharmacy rate
between practices (i.e., a decrease in value between the models indicated a decrease
in the inter-practice variation). Further, we reported the proportion change in
variance, indicating the proportion of variance explained by adding explanatory
variables. The 95% coverage interval of the practice variance components indicated
the range in the practices' difference in the proportion polypharmacy patients that
cannot be explained by the covariates. This coverage interval was calculated in the
following way: Intercept ± 1.97 sqrt (between practice variance), which was
transformed back to the probability scale. The average polypharmacy prevalence per
general practice was also estimated by using an empirical Bayes estimator.[34] All
analyses were performed using STATA SE version 13.0 and MLwiN version 2.30. A
p-value below 0.05 was considered statistically significant.
RESULTS

Population characteristics
Of the patients, 27% had polypharmacy, and they were on average 5 years older than
those without polypharmacy (72 vs. 67 years), lived more often in a neighborhood
with a low SES (20% compared with 16%), and showed more multimorbidity (90%
vs. 46%; Table 1). The number of medications used in the polypharmacy group was
on average 11.2 of which 6.9 was used chronically. Information about the practice
characteristics is shown in Table 2.
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[TABLE 1][TABLE 2]

Inter-practice variation
For the multilevel analyses, data of 44,917 patients from 86 practices (mean no. of
patients per practice (SD); 525 (464)) were studied because for 235 patients data on
SES was missing and 40 practices (with 579 patients) had less than the required
number of patients.
In model 1 (Table 3), the overall mean polypharmacy rate was 21.4%. The practice
variance component was 0.07 (SE = 0.01), which corresponds to a 95% coverage
interval of 14.1–31.0, meaning that the polypharmacy prevalence ranged from 14%
to 31% between practices. The number of chronic conditions was most strongly
positively associated with polypharmacy (OR 36.4, 95%CI 32.8 − 40.3, for ≥5
chronic conditions). After including the type of chronic conditions into the model
(model 2), only having 2–4 conditions compared with 0 or 1 condition was still
significantly associated with polypharmacy. Nearly all chronic conditions were
positively associated with polypharmacy, most strongly cardiac conditions (heart
failure: OR 5.25, 95%CI 4.59–6.00; coronary artery disease: OR 6.50, 95%CI 6.02–
7.02). The practices' difference (95% coverage interval) in adjusted polypharmacy
prevalence ranged from 12.1% to 31.6%. For model 2, the average proportion of
patients with polypharmacy in each practice separately is presented in Figure 1. After
accounting for the patient population, in some practices, there were still at least twice
as many patients with polypharmacy than in other practices (a factor 2.6 difference).
In model 3, including the practice variables, the practices' range (95% coverage
interval) in polypharmacy prevalence varied from 12.4% to 30.1%, indicating that
there was a factor 2.4 difference as regards the polypharmacy prevalence between
practices after including all explanatory variables, with an overall mean of 19.8%.
Practices located in moderately and low urbanized areas had a significantly lower
odds ratio of polypharmacy than practices located in very strong or strong urbanized
areas.
[TABLE 3][FIGURE 1]
DISCUSSION

Although polypharmacy is common in primary care, this is one of the first studies
examining the variation in polypharmacy prevalence between general practices. It
was shown that after accounting for differences in patient and practice
characteristics, practice variation existed in the polypharmacy rate between practices
(factor 2.4). Higher age and most prevalent chronic conditions were highly positively
associated with polypharmacy, and to a lesser extent, a lower SES. Further, practices
located in lower urbanized areas had a lower odds ratio of polypharmacy than (very)
strong urbanized located practices.
One study from 1995 examined inter-practice variation in relation to polypharmacy
rates in general practices.[21] They showed lower rates of polypharmacy and more
inter-practice variation, that is, a sixfold variation. The discrepancy in findings might
be due to the increasing prevalence of polypharmacy in recent years[13] or to
changes in regulation and the rise in the development of disease guidelines.[35, 36]
Furthermore, the introduction of electronic health record systems, electronic
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prescription systems, and guidelines that recommend uniformity in recording are also
likely to contribute to reduced variation between practices.[37]
Recently conducted studies on polypharmacy found prevalence rates comparable
with our findings.[2, 14] In accordance with our hypothesis, and similar with other
studies, we found that higher age and number of chronic conditions were highly
positively associated with polypharmacy.[2, 6, 13-15, 38] It was also found that the
type of chronic conditions was associated with the number of medications.[2, 38]
Our current study underlined that especially the type of diseases, rather than the
number of diseases, was related to the number of medications prescribed. The strong
association between the number of conditions and polypharmacy decreased when
including the type of chronic conditions. Remarkably, an increase in the number of
prevalent chronic conditions is not directly accompanied by an increase in prescribed
medications. In patients with five or more conditions, it seems that other factors start
to play an important role, for instance, interactions between medications, other
treatment options like surgery, or perhaps maintaining the status quo.[9] Some
diseases are associated with a high number of prescribed medications,[2, 38] and
especially as—not unlikely in this age group—other diseases are involved as well,
this could lead to several eligible treatment options and practice variation in the
number of prescribed medications. Nevertheless, after accounting for the type of
chronic conditions, still considerable variation between practices remained.
The finding that practices located in the lowest and moderately urbanized areas had a
significantly lower odds ratio of polypharmacy than very strong urbanized located
practices cannot be confirmed in literature. Guthrie et al.[20] found that practices
located in moderately urbanized areas were more likely to have patients with a highrisk prescription than practices in primary cities; however, the clinical significance of
the associations were marginal.[20] In contrary to our hypothesis, practice size did
not significantly affect polypharmacy prevalence as had been shown in other studies.
Yet, in these studies, those factors could hardly explain any variance in prescribing
(high risk) medication.[18, 20]
Strengths of the study are the number of data; 86 practices with, on average, 500
older patients, which contributes to stable and robust multilevel models. A second
strength concerned the analyses of actually distributed medications from the
pharmacist to the patient instead of just prescription data. A possible limitation is that
due to the fact that not all pharmacies agreed to share their data with the NIVELPCD, the study population covered a subpopulation of the total general practice
sample. Nevertheless, it was found that the studied patients were comparable as
regards the mean age and gender with a larger sample of eligible patients only
available in NIVEL-PCD. Further, the proportion of patients with polypharmacy may
be slightly overestimated as patients with one or two prescriptions were less likely to
be included in the analyses because of the applied linkage method. Yet, the majority
of the study population (90%) did receive more than two prescriptions, and as it
applies to all practices in the same order, it is not likely to affect the results of our
main question, namely, practice variation. The identified variation in polypharmacy
prevalence might not only be due to the GPs, or physicians working in the general
practice. Our dispensed medication data could also hold medications prescribed by
medical specialists. Besides, also the pharmacist could have a role in the medications
dispensed as he/she checks whether the patients' prescribed medications can be
combined.
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Because evidence for effective treatment is mostly gathered in younger adults
without multimorbidity, it seems logical that for older patients with multiple chronic
conditions, physicians more often rely on their own experiences and reasoning when
prescribing medications. This is not necessarily worrisome if it is justified, for
instance, when accounting for the patient's preferences and priorities.[39] However,
because considerable variation between practices existed after accounting for
differences in patient and practice characteristics, the results indicate that physicians
from different practices have different prescribing behaviors, and it suggests that
there might be professional uncertainty about the best treatment. However, next to
the GP, also the medical specialist and pharmacist play an important role in
medication therapy management. It is likely that part of the unexplained variation is
due to pharmacy-related factors or by factors that indicate the level of cooperation
between the GP and pharmacist. Several strategies and activities exist to reduce
unnecessary medication use, involving different health professionals such as the GP
and pharmacist.[29, 40-46] For instance, when contemplating on complex patients
and medication combinations, this could turn differences in management views into a
common view. It seems valuable to further investigate possible explanations for the
variance in polypharmacy prevalence, such as differences in physician-related
characteristics, such as their clinical experience, and in the level of cooperation
between the various professionals involved in medication prescribing.
In conclusion, because numerous inter-practice variations in polypharmacy
prevalence exist, attention for medication management is important, especially in
complex older patients with multiple chronic conditions. Physician initiatives to
achieve a more shared vision about the best therapeutic treatment add to the patient's
value of care.
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Key Points








Considerable variation in polypharmacy prevalence exists between general
practices (from 12% to 30%);
The type, rather than the number, of prevalent chronic conditions was highly
associated with polypharmacy, especially in patients with many diagnosed
diseases, but it hardly explained inter-practice variation.
The variation in polypharmacy prevalence could only, for a small part, be
explained by differences in the patient population and by practice
characteristics;
The results of this study suggest that there might be professional uncertainty
about the best treatment for this complex patient group;
Because different health professionals play a role in medication management,
initiatives to achieve a more shared vision about the best therapeutic
treatment for this patient group can be valuable.
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