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ABSTRACT
Objectives  Potentially inappropriate medications (PIMs) 
pose an increasing challenge in the ageing population. We 
aimed to assess the extent of PIMs and the prescriber-
related variation in PIM prevalence.
Design  Nationwide register-based cohort study.
Setting  General practice.
Participants  The 4.2 million adults listed with general 
practitioner (GP) clinics in Denmark (n=1906) in 2016.
Main outcome measures  We estimated the patients’ 
time with PIMs by using 29 register-operationalised STOPP 
criteria linking GP clinics and redeemed prescriptions. 
For each criterion and each GP clinic, we calculated 
ratios between the observed PIM time and that predicted 
by multivariate Poisson regressions on the patients. 
The observed variation was measured as the 90th/10th 
percentile ratios of these ratios. The extent of expectable 
random variation was assessed as the 90th/10th 
percentile ratios in randomly sampled GP populations (ie, 
the sampled variation). The GP-related excess variation 
was calculated as the ratio between the observed variation 
and sampled variation. The linear correlation between the 
observed/expected ratio for each of the criteria and the 
observed/expected ratio of total PIM time (for each clinic) 
was measured by Pearson’s rho.
Results  Overall, 294 542 individuals were exposed 
to 1 44 117 years of PIMs. The two most prevalent 
PIMs were long-term use (>3 months) of non-steroidal 
anti-inflammatory drugs (51 074 years of PIMs) or 
benzodiazepines (48 723 years of PIMs). These two criteria 
showed considerable excess variation of 2.33 and 3.05, 
respectively; for total PIMs, this figure was 1.65. For more 
than half of the criteria, we observed a positive correlation 
between the specific PIM and the sum of remaining PIMs.
Conclusions  This study documents considerable 
variations in the prescribing practice of GPs for certain 
PIMs. These findings highlight a need for exploring the 
causal explanations for such variations, which could be 
markers of suboptimal GP-prescribing strategies.

INTRODUCTION
Globally, the prevalence of multimorbidity, 
that is, the coexistence of two or more 
chronic conditions, is expected to rise in the 

future. This development is due to improved 
diagnostics, enhanced survival and an ageing 
population.1 2 However, the complexity of 
managing multiple concurrent chronic 
conditions challenges modern healthcare. 
Multimorbidity may require polypharma-
ceutical treatment (>5 medications),3 and 
this holds a risk of both undertreatment and 
overtreatment.4 Potentially inappropriate 
medications (PIMs)5 can be defined as medi-
cations in which the risks of use are likely to 
outweigh the benefits, or safer alternatives 
exist, and PIMs can thus serve as a proxy for 
overtreatment.5–7 PIMs are common in older 

Strengths and limitations of this study

►► This study is the first to describe the general practi-
tioner (GP)-related variations in potentially inappro-
priate medications (PIMs), which could serve as a 
marker of suboptimal prescribing behaviour of the 
GPs.

►► We developed a comprehensive algorithm for soft-
ware application to measure PIMs (based on the 
STOPP/START criteria, version 2) using data from 
the nationwide Danish registers.

►► We developed a novel analysis approach for mea-
suring variations in PIMs, which accounted for dif-
ferences between practice populations and for the 
fact that some extent of variation is expected due 
to randomness.

►► Although each of the PIM criteria represents ‘a red 
flag’ for the prescriber, some PIMs may be the best 
treatment option for certain patients if administered 
with care, such as frail patients with high complexity 
of diseases for whom there may be a need for bal-
ancing conflicting demands.

►► Residual confounding cannot be excluded as some 
data were not available in the Danish registers, for 
example, disease severity measures, measures 
of frailty, estimated life expectancy and over-the-
counter medications.
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individuals. The prevalence ranges from 21% to 79% 
in different healthcare contexts, such as hospitals and 
general practice,8–10 and PIMs may have serious conse-
quences for the individual in terms of lower quality of 
life, higher risk of emergency visits and higher number 
of hospital admissions.8 11 Moreover, PIMs may generate 
substantial financial costs for both the individual and 
society.4

In Denmark, the general practitioners (GPs) handle 
over 80% of all prescription medications.12 They are 
central players in the management of chronic diseases 
and thus have a favourable position to assess the patient’s 
medications across diseases. Yet, evidence suggests that 
barriers to reducing PIMs exist.13 Furthermore, consid-
erable variation has been reported for other treatment-
related activities in general practice;14 15 this could indicate 
heterogeneous quality of the provided healthcare. Never-
theless, little is known on whether the prevalence of PIMs 
varies between GPs, and whether such potential variation 
may exceed the expected variation caused by differences 
in patient populations and by random variation. Such 
excess variation could be a marker of differences in the 
treatment strategies of the GPs and thus of suboptimal 
prescribing practices.

Using a coding algorithm to identify PIMs in the Danish 
nationwide registers, we aimed to explore the prevalence 
of PIMs and the GP-related variation in the prevalence 
of PIMs, while accounting for differences between prac-
tice populations and for the fact that some variation is 
expected due to randomness alone.

METHODS
Setting and study population
The study population included all persons aged ≥18 years 
who were listed with a Danish GP clinic and who had 
at least five consecutive years of residence in Denmark 
(to allow for the collection of register-based data in the 
5 years preceding the inclusion). Eligible persons were 
followed from 1 January 2016 until death, emigration, 
exit from the GP listing system for other reasons, or 31 
December 2016, whichever came first. We excluded GP 
clinics accumulating less than 500 patient years in 2016 
(table 1, online supplemental material 1).

Denmark has free tax-funded healthcare, and more 
than 98% of the population are listed with a specific 
GP clinic, which serves as their primary entry point to 
the healthcare system and as a gatekeeper to specialised 
care.16 Around half of the Danish GP clinics are solo prac-
tices, around 40% of clinics consist of two–three GPs, and 
approximately 10% of clinics have more than three GPs.17

Data sources
The project was carried out as a population-based 
cohort study using the nationwide Danish registers.18 We 
obtained data on sex, age, emigration and death from the 
Danish Civil Registration System,19 data on marital status, 
education, income and ethnicity from Statistics Denmark 

(Integrated Database for Longitudinal Labour Market 
Research),20 data on hospital diagnoses and procedure 
codes from the Danish National Patient Register,21 data 
on psychiatric hospital diagnoses from the Danish Psychi-
atric Central Research Register,22 data on redemption 
dates and redeemed volumes of prescribed medications 
classified according to the Anatomical Therapeutic 
Chemical Classification codes from the Danish National 
Prescription Register,23 and data on the link between the 
patient and the GP clinic from the Patient List Database. 
All data on diagnoses were obtained from public hospitals 
in Denmark, which must all report to the Danish National 
Patient Register. Private hospitals account for less than 
1% of the total number of beds and do not provide acute 
care in Denmark.24 All of these data were linked at the 
individual level through the unique personal identifica-
tion number provided by the Danish Civil Registration 
System, which also keeps track of vital status and migra-
tions for all residents in Denmark.25

Identification of PIMs
PIMs can be identified through the formal STOPP criteria 
for potentially inappropriate drugs, drug–drug combina-
tions and drug–disease combinations that are included in 
the second version of the validated STOPP/START list, 
which was developed by O’Mahony and colleagues.26 In 
this study, we identified PIMs using a coding algorithm27 
based on these STOPP criteria,26 which we adapted for a 
Danish register-based context through iterative consensus 
group discussions (see details in Supplemental methods, 
online supplemental material 1). This process led to the 
selection of 29 STOPP criteria, which could be operation-
alised for application in the Danish registers. Thus, 47 of 
the 76 STOPP criteria were excluded due to unavailable 
data (ie, laboratory measurements, procedures or diag-
noses made in primary care, severity of diseases, dosage 
of medications and some specific medications), due to 
lack of clinical relevance (generally or in Denmark specif-
ically) or due to overlap between criteria (in some cases, 
two criteria were collapsed into one after relevant modi-
fications) (see coding details for the STOPP criteria in 
online supplemental material 2 and details on consensus 
modifications in online supplemental material 3).

After redeeming a prescription of a drug in any of the 
PIM categories, individuals were considered continuous 
‘users’ of that drug for a period of time corresponding to 
the number of redeemed defined daily doses (DDD), that 
is, the assumed average maintenance dose per day for a 
drug used for its main indication in adults, plus a grace 
period of 25% to allow for some leeway when redeeming 
prescriptions.28 This period of use was extended each 
time a user redeemed a new prescription. For the PIM 
criteria defined by two concurrent treatments, some indi-
viduals were excluded during quarantine periods in-be-
tween treatments, as we could not distinguish between 
overlapping treatments and treatment shifts before the 
first prescription expired (see details in Supplemental 
methods, online supplemental material 1).
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Table 1  Extent of selected PIMs* and any PIM† among adults in Denmark in 2016

STOPP criterion
Persons‡ at 
risk§

Risk time§, 
years

Persons‡ 
with PIMs

PIM time, years 
(PIM rate¶, %)

B3: Beta blocker combined with verapamil or diltiazem 4 244 308 4 207 285.4 3090 1332.8 (0.0)

B4: Beta blocker combined with bradycardia or heart block 25 321 22 010.0 10 084 5113.8 (23.2)

B5: Amiodarone as first-line antiarrhythmic therapy in 
supraventricular tachyarrhythmias

50 406 45 528.7 1165 633.0 (1.4)

B6: Loop diuretic as first-line treatment for hypertension 40 440 34 969.6 3800 2264.7 (6.5)

B13: Phosphodiesterase type-5 inhibitors in severe heart 
failure or concurrent nitrate therapy for angina

69 148 65 115.3 3186 666.5 (1.0)

C3: Aspirin, clopidogrel, dipyridamole, vitamin K 
antagonists, direct thrombin inhibitors or factor Xa inhibitors 
with concurrent significant bleeding

32 829 25 931.4 13 136 8510.3 (32.8)

C4: Aspirin plus clopidogrel as secondary stroke prevention, 
unless the patient has had a coronary stent(s) inserted in the 
previous 12 months, concurrent acute coronary syndrome, 
or a high-grade symptomatic carotid arterial stenosis

147 722 138 090.5 8149 3712.8 (2.7)

C6: Antiplatelet agents with vitamin K antagonist, direct 
thrombin inhibitor or factor Xa inhibitors in patients with 
stable coronary, cerebrovascular or peripheral arterial 
disease

4 243 867 4 195 000.3 20 428 8126.5 (0.2)

C8: Vitamin K antagonist, direct thrombin inhibitor or factor 
Xa inhibitors for first deep venous thrombosis without 
continuing provoking risk factors for >6 months

39 815 36 658.6 3963 2532.4 (6.9)

C9: Vitamin K antagonist, direct thrombin inhibitor or factor 
Xa inhibitors for first pulmonary embolus without continuing 
provoking risk factors for >12 months

12 811 11 218.6 2703 1675.5 (14.9)

C10: NSAID and vitamin K antagonist, direct thrombin 
inhibitor or factor Xa inhibitors in combination

4 244 304 4 206 445.8 8904 2276.7 (0.1)

D1: Tricyclic antidepressants (TCAs) with dementia, 
narrow angle glaucoma, cardiac conduction abnormalities, 
prostatism or prior history of urinary retention

85 667 73 481.5 2022 804.3 (1.1)

D3: Neuroleptics with moderate-marked anticholinergic 
effects with a history of prostatism, or previous urinary 
retention

11 605 3742.0 67 9.3 (0.2)

D5: Long-term use of benzodiazepines 4 244 310 4 207 443.1 81 621 48 722.9 (1.2)

D6: Antipsychotics (ie, other than quetiapine or clozapine) in 
those with parkinsonism or Lewy body dementia

10 495 9711.0 849 303.9 (3.1)

D8: Anticholinergics in patients with delirium or dementia 43 757 36 604.8 8493 4459.2 (12.2)

D9: Neuroleptic antipsychotic in patients with behavioural 
and psychological symptoms of dementia (BPSD)

38 832 34 661.5 4624 786.7 (2.3)

D11: Acetylcholinesterase inhibitors with a known history of 
persistent bradycardia, heart block or recurrent unexplained 
syncope, or concurrent treatment with drugs that reduce 
heart rate

12 238 6478.4 3747 1808.1 (27.9)

D12: Phenothiazines as first-line treatment 4 156 076 4 105 909.6 5047 729.5 (0.0)

G1: Theophylline as monotherapy for COPD 4 137 262 4 005 654.4 581 251.5 (0.0)

H6: Long-term use of NSAIDs 4 244 310 4,207,443.1 125 945 51 074.4 (1.2)

H7: COX-2 selective NSAIDs with concurrent cardiovascular 
disease

391 248 380 518.5 360 96.1 (0.0)

I1: Antimuscarinic drugs with dementia, chronic cognitive 
impairment, narrow-angle glaucoma or chronic prostatism

60 600 46 522.8 1928 1106.4 (2.4)

I2: Selective alpha-1 selective alpha blockers in those with 
symptomatic orthostatic hypotension or micturition syncope

20 535 6659.3 825 200.2 (3.0)

J2: Thiazolidenediones in patients with heart failure 68 932 65 030.6 10 2.4 (0.0)

Continued
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Additional covariates
In addition to the specific medications and medical or 
psychiatric conditions mentioned in the criteria, all 
persons under study were characterised in terms of age, 
sex, cohabitation status, education, income and ethnicity 
(Appendix I, online supplemental appendix I, online 
supplemental material 1) as well as morbidity status 
according to a modified version of the Danish Multi-
morbidity Index (DMI), which included 36 physical and 
mental disorders identified from a combination of diag-
nosis and prescription data from the above-mentioned 
sources (online supplemental appendix II, online supple-
mental material 1).29

Statistical analyses
For all PIM criteria, both overall and subgroup-specific 
crude counts of persons with PIMs were calculated as was 
the potential time spent with PIMs (PIM time). Further-
more, the PIM rates in the population for each of the 
criteria were calculated as the PIM time divided by the 
total time spent at risk (risk time), corresponding to the 
average proportion of the risk population (specific for 
the criterion in question) that was exposed to PIMs at a 
given time during the study period. In some cases, the 
risk population included all persons in the study popula-
tion. In other cases, it included only persons with a given 
condition or combination of conditions.

The analyses of the GP-related variation involved 
several steps. First, a series of multivariate Poisson regres-
sions were used to estimate the expected PIM time for 
each of the PIM criteria for all persons according to 
their covariate status and time at risk (included with the 
regression parameter restricted to 1). The expected total 

PIM time for each person was calculated as the sum of 
expected time with each criterion (0 for criteria that 
were irrelevant for the given person). Subsequently, these 
expected PIM times were compared with the observed 
PIM times for each person and aggregated for each 
GP clinic, allowing for the calculation of clinic-specific 
observed/expected ratios. For each criterion, these 
ratios were sorted and subsequently depicted graphically 
(in groups of five clinics to comply with data deidenti-
fication regulations) to describe the variation between 
clinics, and the 90th/10th percentile ratio (equaling the 
ratio between the highest vs the lowest quintile medians) 
was calculated as a measure of the ‘observed variation’. 
To assess the extent of variation in the GP clinic-specific 
observed/expected ratios that would be expectable even 
if no systematic/true differences between the GPs’ treat-
ment strategies exist (ie, the anticipatable random vari-
ation), we calculated a ‘sampled variation’ by essentially 
repeating all of the above steps in a second round, in 
which the GP clinics were assigned reference populations 
of matched patients (from the same risk population) 
sampled from the other clinics. Matching was performed 
for persons of the same age and sex, who had the best 
match of estimated propensity for that specific PIM on 1 
January 2016. The propensity score included information 
on cohabitation status, income, education, ethnicity and 
the 36 comorbidities included in the modified version of 
the DMI. Finally, we calculated the ‘excess variation’ as 
the ratio between the observed variation and the sampled 
variation. Thus, the excess variation represents a factor 
measure of the extent to which the observed variation 
exceeds the level of variation that could be expected 

STOPP criterion
Persons‡ at 
risk§

Risk time§, 
years

Persons‡ 
with PIMs

PIM time, years 
(PIM rate¶, %)

J4: Oestrogens with a history of breast cancer or venous 
thromboembolism

106 975 104 283.3 1727 1225.6 (1.2)

J6: Androgens in the absence of primary or secondary 
hypogonadism

2 079 319 2 060 386.4 1774 1009.0 (0.0)

K3: Vasodilator drugs with persistent postural hypotension 19 534 5964.2 7504 1962.3 (32.9)

M: Concomitant use of ≥2 drugs with anticholinergic 
properties

4 244 295 4 206 255.3 15 986 6529.2 (0.2)

Any PIM (unique persons and unique person time)† 4 244 310 4 207 443.1 294 542 144 116.5 (3.4)

*PIMs were identified through our coding algorithm for selected STOPP criteria. The algorithm was modified in accordance with the 
STOPP/START criteria as developed by O’Mahony and colleagues26 and Huibers and colleagues.27

†The measure ‘any PIM’ included unique individuals and unique PIM time only, which implied that individuals contributed only once with 
PIM time, even when having two or more concurrent PIMs. Thus, this measure estimated the time spent with at least one PIM.
‡The number of persons represented unique individuals.
§In some cases, the risk population (and their risk time of relevance) included all persons in the study population (ie, B3, C10, D5, H6 
and M). Although the risk population for each of these criteria included all individuals, the criteria in which PIMs were defined by two 
or more concurrent treatments (ie, B3, C10 and M) had risk populations that differed slightly from the entire study population due to 
exclusion of individuals during the quarantine periods in-between treatments. In other cases, the risk population included only patients 
with a given condition or combination of conditions.
¶The PIM rate was calculated as the total time spent with PIM divided by the total time spent at risk.
NSAIDs, non-steroidal anti-inflammatory drugs; PIMs, potentially inappropriate medications.

Table 1  Continued
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due to chance alone; that is, the excess variation would 
be one if the observed variation did not exceed the 
expected random variation, whereas it would be equal to 
the observed variation in a (hypothetical) situation with 
no contribution from random variation. For PIM criteria 
with a 10th percentile equal to zero, excess variation was 
calculated as the ratio between the 90th percentiles alone 
to avoid division by zero.

The linear correlation between the observed/expected 
ratio for each of the criteria and the observed/expected 
ratio of the total PIM time (for each GP clinic) was 
measured by Pearson’s rho.30 For this calculation, we used 
a jackknife approach, which implied subtraction of the 
contribution made by the given criterion from the overall 
score.

All analyses were performed in Stata V.16, College 
Station, TX.

Patient and public involvement
We analysed deidentified population-based healthcare 
register data. Patients were not involved in the develop-
ment of the research question, the outcome measures 
or the study design. We plan to disseminate the results 
of the research to Danish GPs, the general public, and 
policy-makers.

RESULTS
The study population included a total of 4 244 310 unique 
individuals who were at risk of PIMs during 4 207 443 
risk years in 2016; these individuals were distributed 
across 1906 clinics, that is, approximately 2200 patients 
per GP clinic (table  1). Here, 27% were older than 60 
years of age, 51% were female and 17% had two or more 
comorbidities (figure 1, online supplemental material 1). 
However, 20 out of 29 criteria yielded risk populations 
with substantially higher ages and higher prevalence of 
multimorbidity (figure  1, online supplemental material 
1).

Extent of PIMs
Overall, 294 542 unique individuals were exposed to 144 
117 PIM years (ie, time spent with at least one PIM), which 
corresponded to a PIM incidence rate of 3.4% (table 1).

The most prevalent PIM criteria were: B4 (ie, beta 
blocker with bradycardia or heart block) (5114 years), C3 
(ie, aspirin, clopidogrel, dipyridamole, vitamin K antag-
onists, direct thrombin inhibitors or factor Xa inhibitors 
with concurrent significant bleeding risk) (8510 years), 
C6 (ie, antiplatelet agents with vitamin K antagonist, 
direct thrombin inhibitor or factor Xa inhibitors) (8127 
years), D5 (ie, long-term use of benzodiazepines defined 
as use of more than 90 DDDs within 6 months) (48 723 
years), D8 (ie, anticholinergics in patients with delirium 
or dementia) (4459 years), H6 (ie, long-term use of non-
steroidal anti-inflammatory drugs (NSAIDs) defined 
as use of more than 90 DDDs within 6 months) (51 074 
years) and M (ie, concomitant use of two or more drugs 

with anticholinergic properties) (6529 years) (table  1). 
Among these seven criteria with the highest prevalence, 
the PIM rate was 23.2% for B4, 32.8% for C3 and 12.2% 
for D8, but 0.2% to 1.2% for the remaining four criteria. 
This was, however, explained by the fact that these criteria 
included (basically) all individuals from the study popula-
tion in their risk populations (table 1).

GP-related variation in PIMs
Variation in total PIMs
Across GP clinics, a factor 2.18 variation in total PIMs was 
observed for the 90th/10th percentile ratio (‘observed 
variation’), whereas a factor 1.32 variation was expected 
due to random variation alone (‘sampled variation’), that 
is, if no true/systematic differences between GPs existed 
(figure 1 and table 2). This corresponded to a 1.65 times 
higher variation than expected when taking into account 
differences in patient characteristics and randomness 
alone (‘excess variation’) (figure 1 and table 2).

Variation in specific criteria
The observed variation was considerable for all criteria. 
However, only for a few cases, this variation was higher 
than what could be explained by differences in patient 
characteristics and randomness. Still, long-term use 
of NSAIDs, which was the most prevalent type of PIMs, 
showed an observed variation of 3.59 when differences 

Figure 1  Variation in the seven most prevalent PIM 
criteria and total PIMs in adults in 2016. Abbreviations: 
Observed/expected: observed/expected ratio of PIM time. 
Obs: observed variation in the actual GP populations (the 
90th/10th percentile ratio of the observed/expected ratio 
of PIM time). Samp: sampled variation in the randomly 
sampled GP populations (the 90th/10th percentile ratio of 
the observed/expected ratio of PIM time). Excess: excess 
variation (the observed variation/sampled variation ratio). 
*Content for each of the criteria is detailed in Table 1. **Total 
PIMs represents the sum of all PIM time. Thus, persons 
can contribute with PIM time more than once if they have 
multiple PIMs at the same time. Therefore, the number of 
PIM years for this aggregated measure was different from 
the number in Table 1, which measured ‘any PIM’. In all other 
analyses, including in this figure, ‘total PIMs’ was measured. 
GP, general practitioner; PIMs, potentially inappropriate 
medications.

https://dx.doi.org/10.1136/bmjopen-2020-046756
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Table 2  Variation in all 29 PIM criteria and total PIMs in adults in Denmark in 2016

Criterion*

Observed variation† Sampled variation‡

Excess variation
(observed 
variation/sampled 
variation ratio)§ Correlation

90th/10th 
percentile Ratio

90th/10th 
percentile Ratio Ratio

Pearson’s ρ¶
(p-value)

B3 2.79/0 .** 2.51/0 . 1.11 0.04 (0.124)

B4 1.63/0.30 5.38 1.61/0.32 5.01 1.07 0.00 (0.982)

B5 3.06/0 . 3.12/0 . 0.98 0.01 (0.779)

B6 2.29/0 . 2.10/0 . 1.09 0.13 (<0.001)

B13 2.74/0 . 2.62/0 . 1.05 0.05 (0.033)

C3 1.49/0.50 2.99 1.46/0.53 2.74 1.09 0.01 (0.551)

C4†† 2.05/0.06 37.17 2.02/0.10 20.52 1.81 0.17 (<0.001)

C6 1.70/0.30 5.72 1.57/0.42 3.74 1.53 0.06 (0.016)

C8 2.17/0 . 2.18/0 . 0.99 0.02 (0.353)

C9 2.25/0 . 2.22/0 . 1.01 0.03 (0.207)

C10†† 2.27/0.03 72.03 1.88/0.11 17.92 4.02 0.42 (<0.001)

D1 2.89/0 . 2.82/0 . 1.02 0.02 (0.346)

D3 0/0 . 0/0 . . 0.04 (0.078)

D5 1.91/0.37 5.11 1.27/0.76 1.68 3.05 0.36 (<0.001)

D6 2.96/0 . 3.00/0 . 0.99 0.03 (0.201)

D8 1.86/0.12 15.25 1.80/0.15 12.18 1.25 0.06 (0.012)

D9 2.39/0 . 2.43/0 . 0.98 0.05 (0.043)

D11 2.09/0 . 2.14/0 . 0.98 −0.01 (0.671)

D12 2.85/0 . 2.69/0 . 1.06 0.09 (<0.001)

G1 3.23/0 . 3.42/0 . 0.94 0.09 (<0.001)

H6 1.64/0.46 3.59 1.21/0.79 1.54 2.33 0.45 (<0.001)

H7 0.81/0 . 1.97/0 . 0.41 0.05 (0.024)

I1 2.84/0 . 2.75/0 . 1.03 0.07 (0.002)

I2 3.11/0 . 3.26/0 . 0.95 0.03 (0.156)

J2 0/0 . 0/0 . . −0.00 (0.962)

J4 2.89/0 . 2.75/0 . 1.05 0.11 (<0.001)

J6 2.96/0 . 2.82/0 . 1.05 0.09 (<0.001)

K3 1.69/0.28 6.04 1.61/0.15 10.49 0.58 0.03 (0.216)

M 1.76/0.31 5.67 1.60/0.31 5.11 1.11 0.09 (<0.001)

Total PIMs‡‡ 1.44/0.66 2.18 1.11/0.84 1.32 1.65 –

The bold values highlighted the observed variations and the excess variations.
*Content for each of the criteria is detailed in table 1.
†The observed variation measured the 90th/10th percentile ratio (of the observed/expected ratio of PIM time) in the studied GP populations 
(actual GP populations).
‡The sampled variation measured the 90th/10th percentile ratio (of the observed/expected ratio of PIM time) in the randomly sampled GP 
populations.
§To avoid division by zero, excess variation was calculated as the ratio between the 90th percentiles alone for the PIM criteria with 10th 
percentile equal to zero.
¶The linear correlation between the observed/expected ratio for each of the criteria and the observed/expected ratio of the total PIM time (for 
each GP clinic) was measured by Pearson’s rho.
**Full stop denoted missing data.
††The observed variation for these criteria should be interpreted with caution, as the 10th percentiles were close to zero.
‡‡Total PIMs estimated a composite measure of all STOPP criteria (calculated by summing up observed and expected PIM time for each 
PIM criterion). The figure for total PIMs was 157 926 PIM years. All analyses on observed/expected PIM time were based on the total PIM 
measure.
GP, general practitioner; PIMs, potentially inappropriate medications.
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in patient characteristics were taken into account, and 
the excess variation was 2.33 times higher than expected 
when randomness was also taken into account. Similarly, 
long-term use of benzodiazepines showed an observed 
variation of 5.11 and an excess variation of 3.05. Further-
more, the remaining five most prevalent criteria showed 
excess variations ranging from 1.07 to 1.53 (figure 1 and 
table 2).

The calculation of the 90th/10th percentile ratio 
(observed variation) was only feasible for three of the 
remaining criteria (C4, C10 and K3), as the denominator 
(10th percentile) was zero for the rest of the criteria. 
Although all three criteria showed substantial observed 
variation (C4: 37.17, C10: 72.03 and K3: 6.04), only C4 
and C10 showed considerable excess variation when 
randomness was taken into account (ie, excess varia-
tion of 1.81 and 4.02, respectively) (figure 1 and table 2, 
online supplemental material 1).

For more than half of the criteria, we found a statis-
tically significant positive correlation between the 
observed/expected ratio (of PIM time) for each of the 
criteria and the observed/expected ratio of total PIMs 
(table 2). Among the seven most prevalent criteria, such 
positive correlation was found for the five criteria with 
highest excess variation (C6: 0.06 (p-value: 0.016); D5: 
0.36 (p-value:<0.001), D8: 0.06 (p-value: 0.012), H6: 0.45 
(p-value:<0.001) and M: 0.09 (p-value:<0.001()) (table 2).

DISCUSSION
Principal findings
Almost 300 000 individuals were exposed to around 150 
000 PIM years during 2016 in Denmark. The highest prev-
alence of PIMs was found for long-term use of NSAIDs and 
benzodiazepines, which accounted for approximately 50 
000 PIM years each. The observed variation was substan-
tial for virtually all criteria, although for a minority only, 
this variation was substantially higher than expected due 
to randomness. Yet, for more than half of the criteria, 
we observed a statistically significant positive correlation 
between the specific PIM and the sum of the remaining 
PIMs. Across GP clinics, we found an observed variation 
of 2.18, which exceeded the expected random variation 
by a factor 1.65. Long-term use of NSAIDs and long-term 
use of benzodiazepines showed the most pronounced 
variations, and this could not be explained by differences 
in patient characteristics or by randomness.

Interpretation of results
The substantial prevalence of certain PIMs might be 
explained by the existence of barriers for deprescribing 
PIMs caused by patient-related factors, provider-related 
factors and the organisational, structural and sociocul-
tural context.13 31 32 Yet, the reasons for such barriers 
remain multifactorial; they are highly interdependent and 
are characterised by considerable clinical complexity.13 
The patients’ strong belief in the necessity of their 
medications is often reported as a central barrier for 

deprescribing.33 Furthermore, GPs find it challenging to 
balance benefits and harms across treatments in patients 
with polypharmacy due to pharmacological complexity 
and lack of guidelines for multimorbidity.13 31 From an 
organisational point of view, time is a limited resource, 
and many GPs are short of time to prioritise comprehen-
sive medication reviews.13 31 Structurally, some GPs point 
to the fragmented healthcare system and the unclear 
treatment responsibility as complicating barriers.31 From 
a sociocultural point of view, GPs report a hierarchy in 
which their professionalism is occasionally challenged by 
the specialist physicians, leading to avoidance of depre-
scribing medications initiated during hospital contact.32

Substantial PIM prevalence and GP-related variation 
in long-term use of benzodiazepines might be caused 
by complex interaction of drug, patient, physician and 
organisational barriers.34 Although recent systematic 
guidelines have concluded that deprescribing appears to 
be relatively safe and feasible; in the case of benzodiaze-
pines, it is particularly challenging.35 First, psychological 
and physical dependence may compound the problem of 
inadequate patient adherence.35 Second, lack of equally 
effective alternatives to treat the patients’ insomnia or 
anxiety may play a role. Although the licensing of selec-
tive serotonin reuptake inhibitors for anxiety disorders 
and melatonin agonists for insomnia has allowed for ther-
apeutic choices of prescribers,36 there is no convincing 
evidence to recommend substitution.35 Third, limited 
evidence exists on how to best conduct the process of 
deprescribing, although patient involvement and shared 
decision-making have been suggested to be important 
for facilitating deprescribing.35 Specifically, the optimal 
tapering schedule remains unknown.35 36

Similarly, the substantial prevalence of and variation 
seen for long-term use of NSAIDs might be explained by 
the fact that it is complicated to deprescribe NSAIDs as no 
safer and equally effective alternative analgesic exists.37

Apart from long-term use of benzodiazepines and 
NSAIDs, five other PIM criteria were common (B4, 
C3, C6, D8 and M). In some cases, this could partly be 
explained by large risk populations (C6 and M). In other 
cases, this could be explained by high rates (B4, C3 and 
D8), which are likely to be caused by significantly older 
populations with more multimorbidity; this entails higher 
degree of complexity in the clinical care and higher risk 
of overseeing needs for reducing medications.

Although the observed variation was substantial for 
virtually all PIM criteria, this variation did not substan-
tially exceed what could be expected due to random vari-
ation for the majority of the studied criteria. Hence, these 
criteria cannot be used as independent performance 
measures of the GP clinics. Nevertheless, more than half 
of the studied criteria had a statistically significant positive 
correlation to the sum of remaining PIMs. This suggests 
that the majority of the criteria constitute markers of an 
underlying GP-related variation in prescribing strategy 
and may thus contribute with relevant information to the 
aggregate measure of total PIM time.

https://dx.doi.org/10.1136/bmjopen-2020-046756
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Comparison with other studies
Over the past decades, it has been increasingly recognised 
that the variations in the use of healthcare services, for 
example, between geographical areas, periods or organisa-
tional units like GP clinics, are often higher than expected 
based on the health status of the population.14 15 38–40 Few 
studies have explored the GP-related variation in the 
prescribing of PIMs,41 high-risk prescribing,42–44 polyphar-
macy3 45 and overall prescribing,46 but they only take into 
account differences in the characteristics of the GP-clinics 
or of the patient population when concluding that the 
observed variation is a marker of inefficient or inappro-
priate prescribing. This approach is likely to overesti-
mate the variation and thus to overestimate the extent of 
suboptimal GP prescribing. To the best of our knowledge, 
our study is the first to describe GP-related variations in 
PIMs, while accounting for differences between GP popu-
lations and for the fact that some degree of variation is to 
be expected due to randomness.

Strengths and weaknesses of the study
This study has several strengths, including the large data 
set, complete follow-up and the population-based setting, 
in which more than 4 million adults were followed essen-
tially without loss to follow-up. This practically eliminated 
the risk of selection bias and allowed for the identifica-
tion of even rare PIM outcomes. Furthermore, a couple 
of aspects of the analysis approach deserve mentioning, as 
these facilitated the estimation of the GP-related variation 
in PIMs, which could be interpreted as a marker of subop-
timal treatment performance. First, we had comprehen-
sive high-quality data at the patient level. This allowed 
for thorough matching and adjustments, which took into 
account in-between GP differences in the patient charac-
teristics. This enabled us to characterise the GP-clinics by 
qualified observed/expected ratios rather than by crude 
frequency measures. Second, we applied a matching/
sampling procedure to quantify the extent of variation, 
which could be expected to be due to randomness alone, 
and used this as a reference for the observed variation. 
Noteworthy, without these approaches, the GP-related 
variation would have been grossly overestimated, as we 
demonstrated that although the observed variation was 
substantial, for the majority of criteria, this variation did 
not exceed that expected due to randomness.

However, some important limitations pertain to this 
study. First, the perception of PIMs as markers of subop-
timal treatment quality does not necessarily hold true 
in all cases. Although each of the PIM criteria certainly 
represents ‘a red flag’ for the prescriber, some PIMs may 
be the best treatment option for certain patients if admin-
istered with care, such as those who do not fit the guide-
lines (eg, frail patients with high complexity of diseases 
for whom there may be a need for balancing conflicting 
demands).47 Yet, exact identification of these patient 
would require more detailed clinical information than 
available from the registers. However, as we were able 
to characterise the study participants comprehensively, 

allowing for an extensive patient profiling, we find it 
reasonable to assume that additional characteristics, such 
as frailty measures, are randomly distributed across the 
GP clinics. This implies that the considerable excess vari-
ation, as calculated in this paper, is likely, at least to some 
degree, to be a marker of uneven and thus suboptimal 
GP performance. Second, although the excess variation 
is a valuable marker of the existence of ‘true variation’ 
in GP performance, it may be a highly conservative 
measure. The sampled variation quantifies the inflation 
of the observed variation that should be expected due 
to randomness under the null hypothesis (ie, if no true 
differences between GP clinics exist). However, if the 
true between-GP variation is non-null, the inflation due 
to random noise could be lower or even negative. Third, 
we studied GP clinics as the unit of variation, which may 
entail that we have underestimated the variation in-be-
tween GPs, although it is likely that GPs in the same 
clinic have reasonably homogeneous prescribing prefer-
ences. Fourth, some data were not available, including 
data on laboratory measurements, clinical observations 
(eg, blood pressure profiles), untreated diagnoses exclu-
sively managed in primary care (eg, alcohol abuse), 
disease severity measures, measures of frailty, estimated 
life expectancy, medication adherence, over-the-counter 
medications, medications administered during in-patient 
hospitalisations and some of the medication data. This 
had several implications. Primarily, we cannot exclude 
residual confounding, which could have impacted our 
findings in either direction. Furthermore, leaving non-
codeable elements out of the algorithm led to the simpli-
fication of certain criteria. Finally, the lack of information 
on over-the-counter NSAIDs might imply that the use 
of these drugs could be underestimated. Fifth, we used 
the original Irish STOPP/START criteria26 and modified 
these for a Danish register-based setting. This could have 
reduced the generalisability, as some countries may rely 
on other local versions of these criteria and adhere to 
slightly different clinical guidelines. Yet, by providing our 
coding algorithms, this algorithm can easily be adapted 
for application in other settings.

CONCLUSION
Clinical implications
We identified long-term use of NSAIDs and benzo-
diazepines as the most prevalent PIMs with the most 
pronounced GP-related variations. Furthermore, our 
study suggests that prescribing certain types of PIMs is 
a marker of prescribing other PIMs. Our findings allow 
for the interpretation that some PIMs, such as long-
term use of NSAIDs and benzodiazepines, seem to mark 
suboptimal GP-prescribing and targeting the use of these 
drugs may be a reasonable place to start in the conduct of 
future intervention studies. These PIMs both had a high 
prevalence, making such intervention clinically relevant 
and a substantial excess variation, suggesting room for 
improvements.
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Future research
This study highlights the need for exploring the causal 
explanations for the substantial prevalence and the 
related variations in the treatment strategies of GPs for 
certain PIMs, such as long-term use of NSAID and benzo-
diazepines, which could represent obvious targets for 
future interventions aimed at reducing PIMs. Moreover, 
our register-based algorithm for measuring PIMs can be 
applied in future interventions aimed at optimising GP 
prescribing behaviour, including selecting patients with 
the greatest need for special efforts and assessing the 
effectiveness of the intervention.
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